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DJTRODUCnON. 


§  1.  Di£SBCTioif,  aided  by  microscopiciil  eimninsUon,  teaches 
US  that  the  body  of  roan  is  made  up  »f  certain  kindH  of  material, 
BO  differing  from  eacli  otber  in  optical  and  olhvr  physical  characters 
and  so  built  up  tegetber  «s  to  give  the  body  certain  stnictuntl 
festores.  Chemical  examination  further  teaches  n»  that  these 
kinds  of  material  are  composed  of  various  chemical  Auhatanccs,  a 
large  number  of  which  have  this  characteristic  that  they  possess  a 
oonaideTable  amoaut  of  potential  eaet;gy  capable  of  beinc  set  free, 
rendered  actoal,  by  oxidation  or  some  other  chemical  chaoses 
Thus  the  body  as  a  whole  may,  from  a  chemical  point  of  view,  oe 
coauidered  as  a  mass  of  various  chemical  substances,  representing 
ftlto^i^ther  n  con^idumble  capital  of  puteutial  i;nerg7. 

§  8.  This  bfxiy  may  i-xitit  either  a»  a  living  body  or  (for  a 
certain  time  at  least)  as  a  dead  body,  and  Uie  living  body  may  at 
may  time  become  a  dead  body.  At  what  is  generally  called  the 
moment  of  death  (but  arCiBcially  so,  for  as  we  shall  see  the 
lirocesses  of  death  are  numerous  and  gradual)  the  dead  body  so 
far  aa  structure  and  cliemicnl  composition  are  concerned  is  exceed- 
ingly like  tile  livin}>  bwly ;  indeed  thi^  differences  between  the  two 
are  such  as  can  be  deUrrniiiied  only  by  very  careful  itxnminiiCiou, 
and  are  still  to  a  large  extent  estimated  by  drawing  infereuii^s 
rather  tliaa  actually  observed  At  any  rate  the  dead  body  at 
the  moment  of  deatlt  resembles  the  living  body  in  so  far  as  it 
tpnwnta  a  capital  of  potential  eiii^i^y.  From  that  moment 
however  the  capital  is  expended;  by  processes  which 
I  largely  those  of  oxidation,  the  encrjiy  io  ^dually  dissipated, 
""ing  the  body  chiefly  in  the  form  of  heal.  While  these  chemi- 
c^IwoueaMs  are  going  on  tlie  structural  features  disappear,  and 
**•  body,  with  the  loss  of  nearly  all  its  energj-,  is  at  last  resolved 
•Mo-diMtsndMhes." 


THE  LIVING  AJTD  THE  DEAD  BODY. 


Tlie  characteristic  of  the  dead  body  then  i»  ttiat,  beiii|;  a  idkss 
of  Bubstancei)  of  considerable  potential  euergy.  it  is  alwaj'K  niure 
or  less  slowly  losing  energy  never  gaining  energy;  the  capital  of 
energy  present  at  the  momt-nt  of  death  is  more  or  less  slowly 
diminished,  is  never  increased  or  replaced- 

§  3.  Wlien  on  the  other  lutnd  wo  study  a  living  body  we  are 
struck  with  the  following  salient  facts. 

1.  The  hving  body  mov(!»  of  itself,  eitlier  inoving  one  part  of 
the  body  on  anotlntr  or  moving  the  whole  body  from  place  to  place. 
These  ntovemenu  are  active;  the  body  ie  not  simply  pulled  or 
pushed  by  external  forces,  but  the  motive  power  is  in  the  body 
Itself,  the  energy  of  each  movement  is  supplied  by  the  body  itself. 

2.  These  movements  arc  determined  and  intlnenced,  indeed 
often  seem  to  be  started,  by  changes  in  the  surroundings  of  the  body. 
Sudden  contact  between  the  eurtac«  of  the  body  and  some  foreign 
object  will  often  call  forth  a  movement.  The  body  is  sensitive  to 
cbaitgee  in  its  snrrotindings,  uud  this  sensitiveness  is  msnifestcd 
not  only  by  movements  but  by  other  changes  in  the  body. 

X  It  is  continuiilly  guneratiu;;  heat  and  giving  out  lient  to 
surrounding  thingis,  the  production  and  loss  of  heat,  in  the  ease 
of  man  and  certain  other  animals,  being  so  adjusted  that  the 
whole  body  is  warm,  —  that  is,  of  a  temperature  higher  than  that 
of  surrounding  things. 

4.  From  time  to  time  it  eats,  —  that  is  to  say,  takes  into  itself 
supplies  of  certain  subslances  known  as  food,  these  substances 
being  in  the  main  similar  to  those  which  compose  the  body  and 
being  like  them  chcmii.iil  bodies  of  considerable  jxilential  energy, 
capable  through  oxidulion  or  other  chemical  changes  of  setting 
free  a  considerable  ijimntity  of  energy. 

5.  It  is  continually  breathing,  —  that  is,  taking  in  from  the 
surrounding  air  supplies  of  oxygen. 

6.  It  is  continuallv,  or  from  time  to  time,  discharging  from 
itself  into  its  surroundings  so-called  waste  matters,  which  waste 
matters  may  be  broadly  described  as  products  of  oxidation  of  the 
substances  taken  in  as  food,  or  of  the  substances  composing  the 
body. 

Hence  the  living  Imdy  may  be  said  to  be  distinguished  from 
tho  dead  body  by  three  njain  htnture^. 

The  living  body  like  the  dead  is  continually  losing  energy 
(and  losing  it  more  rapidly  than  the  dead  body,  the  special 
breathing  arrangements  permitting  a  more  rapid  oxidation  of  its 
substance),  but  unlike  the  dead  body  is  by  means  of  f<jod  contin- 
ttBlly  restoring  its  substance  and  replenishing  its  store  of  euorgy. 

Uhe  energy  set  frou  in  the  dead  body  by  the  oxidation  and 
other  chemical  changes  of  it*  sub.'sttini-'e  leaves  ihe  body  almost 
exclusively  in  the  form  of  hL^at,  wbcrens  u  great  deal  of  energy 
K-aves  the  living  body  as  mechanical  work,  the  result  of  various 
luovement^  of  the  body  ;  and  as  we  shall  see  a  great  deal  of  the 
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«n«rgjr  which  ultimately  leaves  the  body  as  heac  oxiata  tor  a  while 
withiu  the  living;  liody  in  othtrr  forma  than  heat,  though  eventually 
trnnsfonu'^  into  tivRt 

Thii  chuugeii  iu  the  siirroiin<JUnf>K  nfliict  tim  dead  body  at  a 
slow  ntt«  aiid  in  a  general  way  only,  simply  {(^vst-uing  ui  iucrcusing 
the   amount  or   rate   of  chemical   change   and  the  ininutity  of 
{beat  thereby  set  free,  but  never  diverting  the  ent-rg)'   Into  some 
'  other  form,  such  as  that  of  movement ;  whereas  ehaiige.4  in  the  Kur- 
rouudings  may  in  the  case  of  ths  living  body  rapidly,  profoundly, 
ad  ia  special  ways  affect  not  only  the  amount  but  also  the  kind  of 
B<st  free.     The  dead  body  left  to  itself  slowly  falls  to  pieces, 
slowly  dijK^aipaMs  its  store  of  euorgy.  iind  slowly  giviM  out  hwit    A 
^  higher  wr  lower  tempemlure,  nioro  or  less  moistun;,  a  froe  or  scanty 
ipply  o(  oxygen,  the  advent  of  ninny  or  few  putrefactive  oi^un- 
ims,  —  these  may  quicken  or  slacken  the  rat*  at  which  energy  is 
ing  dissipated  but  do  not  divert  that  energy  from  heat  into 
stion ;  whereas  in  the  living  body  so  alight  a  change  of  surround- 
as  the  mere  touch  by  a  hair  of  some  particular  surface,  may 
I  «Bect  the  setting  free  of  energy  as  to  lead  to  such  a  discharge 
■  eneig}'  in  the  form  of  movement  that  the  pniviously  apparently 
quiescent  body  may  be  suddenly  thrown  iuto  the  most  violent 
cunvulsionit. 

The  differences  ihensfore  between  living  aubstance  and  dead 

ibstance  though  r<;i"oiiditi.t  are  very  grejit,  and  the  ulliniat<^  object 

'  Physiology  is  to  ascertain  how  it  is  that  living  -inlistanc'  eaii  ilo 

rhatdead  substance  cannot,  —  can  renew  its  substance  and  n'plen* 

•h  the  energy  which  it  is  continually  losing,  and  can  according  to 

the  nature  of  its  surroundings  vary  not  only  the  amount  but  also 

the  kind  of  energy  which  it  sots  free.     Thus  there  are  two  great 

divjjiioiis  of  Physiology :  one  having  to  do  with  the  renewal  of 

gbatance  and  the  r>-}ilrntsbuicnt  of  energy,  the  other  having  to 

with  the  setting  free  of  euei^y. 

§  4.     Now,  the  bixty  of  man  (or  one  of  the  higher  animals)  ia  a 
Prery  complicated  structure  consLsting  of  ditTerent  kinds  of  mate- 
rial which  we  call  ttsxius,  auch  as  muscular,  nervous,  connective, 
Hil  the  like,  variously  arranged  in  organs,  snch  as  heart,  lungs, 
■nscles,  skin,  etc,  all  bnilt  up  to  form  the  body  according   to 
'txrtatn  morphological  laws.     But  all  this  complication,  though 
tuivantageous  nud  induvd  necessary  for  the  fuller  life  of  man,  Ik 
not  eaaeDtial  to  the  exisbonoo  of  hfc.     The  nnia'ha  ia  a  living 
Jbeing ;  it  renews  it«  substance,  replenishes  iU  store  of  energy,  and 
free  energy  now  in  one  form,  now  in   another;  and  yet  the 
Bba  may  be  said  to  have  no  tissues  and  no  organs;  at  all  events 
aia  is  true  <if  cloMly  allied  but  not  so  well-known  aimple  beings. 
7iitng  the  tuonj  familiar  ainffba  as  a  type,  and  therefore  leaving  on 
side  the  nuclotia,  and  any  distinction  between  endoaarc  and 
c,  we  may  say  that  its  body  is  homtigcncous  in  the  .vvnse 
,  if  wc  divided  it  into  small  pieces,  each  piece  would  be  like  all 
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the  citliers.  lu  nnother  seiiFe  it  la  oot  homogeneous^  for  we 
koow  ibat  the  aintpba  ror^ivos  luto  its  aubetance  material  aa  food, 
aiid  tlmt  this  foud  or  part  of  it  remains  lodged  in  the  body  until 
it  is  made  use  uf  iiud  built  up  into  tbe  living  substance  of  the 
body;  nud  end)  piucv  uf  thu  Uviug  substniicu  uf  tlm  body  must 
httvtt  iu  or  iif-ar  it  nuutv  of  tliu  mutvnul  which  it  is  about  to  build 
Up  into  il«elf.  Further,  we  know  thut  the  amoeba  gives  out  waste 
mAtteT8,sucU  a^  ojiibouio  acid  and  uiht^r  substances;  and  each  piece 
of  tlio  anicelia  uiii»t  contain  some  of  these  waste  matters  about  to 
be,  but  not  yet,  discharged  from  the  piece.  Kacb  piece  of  the 
Buwba  will  therefore  contain  these  three  things :  the  actual  living 
8ut<stanoi>.  tlie  food  about  to  become  living  substance,  and  the 
waatt.'  matters  which  havu  ceased  to  be  Uving  substAnc«. 

Uoreovvr,  wl>  have  n-asons  to  think  that  the  livin<{  sulistancc 
dOW  not  brvak  down  intu  the  waste  matters  whivh  ledve  Uic  body 
at  a  single  bound,  but  that  there  an  stages  in  tlie  downward 
progress  Mtween  Ute  one  and  the  other.  Similarly,  though  our 
knowledge  on  this  point  is  less  ^ure.  we  have  reason  to  think  i 
that  Uw  food  is  not  incorporated  into  the  living  substance  at  & 
single  stet^.  but  that  there  are  ftage.s  in  the  upward  progress 
fivm  the  dead  food  to  the  living  substance.  Each  piece  of  thsj 
body  of  the  ama-Lvi  will  thetvfore  contain  substances  represent-' 
ing  ii-«riuu«  stages  of  becoming  living,  and  of  ceasing  to  be 
Hving,  as  well  as  thi;  living  substance  itself.  And  we  may 
aaMy  make  this  statement  though  wc  an  quite  unable  to  draw 
the  line  where  tb*  dead  food  oo  iu  way  up  becomes  tiviag.  or  tbfr 
living  suWtauce  on  its  way  down  beoomes  dead. 

§  9l  Not  is  it  necesaanr  tor  our  pnsent  pupose  to  be  able  tck 
point  out  under  the  microeeope.  or  to  deacribe  ttaaa  a  histologicalj 
poiBt  of  view,  the  parts  which  are  living  and  tike  parts  which  aro: 
dead  food  or  dead  waste.  The  body  of  the  amam  is  Inqucodyi 
spoken  of  as  consisting  of '  ptotopluin.'  The  name  was  originally, 
pven  to  the  inutlvr  forming  tte  wimurdial  Wzkfa  of  tfa*  T^ecaUe; 
c»U  as  di»tui^uLthed  f  ron  tbe  Mil  wall  od  U«  oo*  hand,  and  from 
tk»  luid  ooitbuus  of  tbe  cell  or  cell  sap  en  Ibe  other,  aad  ab»| 
«a  nay  add  from  tbe  nncleu^.  It  has  since  been  a]>pl*ed  vMpr! 
ganoraUv  to  such  parts  of  animal  bodies  as  reeembfe,  in  thew] 
gsaeral  featuns,  the  phuordial  ottide.  Xbos  the  bodv  of  a  whitai 
blood  cotposcle.  or  u{  a  gland  c^  or  of  a  nttve  c^  is  ssid  toj 
ceMJaC  of  pvoti^hsm.  Such  puts  of  aainal  boAns  as  do  aoi  ini 
AaitgeMMl  tiataies  rwwmbk  tbe  iwnarqf  ^  pdMOidMl  aOkloj 
•M  not  caUw)  fncaplant.  ob  it  tbiT  aa  soon  euoar  cla^  did  bM 
iTibTmniaMniiri.hiiliifikieHBr  Unim  ma  miaislh—.awiii  thr  reinj 
el  tbe  snbstaBce  of  a  uus«iuar  iibce.  callttd  'diflbnnfeiated  proto- 
phom.'  Protophsm  iit  this  scnaa  saBeGunes  smears,  as  in  tbe 
oater  part  ot  matt  anuriMt.  as  a  mass  of  gIaa^4ookiiig  mafienal, 
eitbar  oaolin«oBS  or  ioUB^pfcid  by  aote  or  lees  spberical  spaceaj 
,  SDitd  wi^  tbudk  itimetimi  aa  ia  a  ^aad  ceil  as  a  mot«| 
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re,  eloudy-loolciiig.  or  finely  ^riuiii1nruiftt«n<i1  arranged  in* 
less  intyular  network,  or  spunyework,  llie  jiiu^rstices  of 
tfcU  »re  occupied  either  by  tliiiii  or  l>y  aome  niatt^rial  different  from 
i!«lL  We  shall  return  however  to  the  features  of  this  'proto- 
(hnD*  when  we  come  to  treat  of  white  blood  corpuscles  and  other 
'protoplasmic '  structures.  Meanwhile  it  is  sutficient  for  our  pres- 
n:  purpose  to  note  Uiat  lodged  in  thu  [irotoplasm.  discontinuous 
mh  it,  and  forming  no  part  of  it,  are  in  the  firtt  plscc  collcttiuus 
•fflnid,  of  WAtciy  8u1uliuu»  of  various  substances,  occupyin}^  the 
am  reguUr  vacuoles  or  the  more  irregular  spaces  of  the  Tietwork, 
■d  in  the  second  place  discrete  granules  of  one  kind  or  another, 
i1m  forming  no  part  of  the  protoplasm  itself,  but  lodged  either  in  the 
bus  fv  9Dbatanc«  of  the  protoplasm  or  in  the  vacuoles  or  meshes. 

Now,  there  can  be  little  doubt  that  the  Huida  and  the  discrete 
pQulea  are  dead  food  or  dead  waste,  but  the  present  state  of 
w  IniowledgL'  will  not  permit  us  to  make  any  vury  dcliuitc 
Mat^ment  alxiut  the  protoplasm  itst-If.  We  may  probably  eimclwde. 
Bil't.'d  w«  may  be  nimost  sure,  that  protoplasm  in  the  above  sen*? 
iinot  all  living  substance;  that  it  is  made  up  partly  of  th4>-  real 
liviog  substance,  and  partly  of  material  which  is  becoming  living 
« fau  oeeaed  to  be  livijig ;  and  in  the  case  where  protoplasm  is 
Incribed  as  forming  a  network,  it  is  possible  that  some  of  the 
Dttterial  occupying  the  meshes  of  the  network  may  be,  like  part  of 
tbcDCCwork  itsirU.  rvally  alirc.  '  Protoplasm '  in  fact,  as  in  the 
nwiD  which  we  are  now  using  it,  and  shall  continue  to  use  it. 
a itnorjAoiogieal  term;  but  it  must  be  borne  in  mind  that  the 
nae  word  'protoplasm '  is  also  (re<iHently  used  to  denote  what 
»e  haTe  just  now  called 'the  real  living  substance.'  The  word 
An  embodies  a  phgnototienl  idea ;  so  used  it  may  be  applied  to 
iWUTins  sabstaooe  of  all  living  etructiyea.  whatever  the  inicro- 
•Bdiecal  feature's  of  those  :;tructures;  in  this  sense  it  cannot  at 
fMent.  and  pussibly  never  will  be  recognised  by  the  microscope, 
Mil  our  knowledge  of  its  natUTv>  must  be  based  ou  infi.-renccs. 

Keeping  then  to  the  phrase 'living  substance'  we  may  »ay 
Au  each  piece  of  the  b[>dy  of  the  ama-ba  consists  of  living 
mhaance  in  which  are  lodged,  or  with  which  are  built  up  in 
now  way  or  other,  food  and  waste  in  various  stages. 

Xow,  80  amwba  may  divide  itself  into  two.  each  half  exhibiting 
iB  iha  phenomena  of  the  whole ;  and  we  can  easily  imagine  the 
pcncM  lo  be  repeated  until  the  amisba  was  divided  into  a 
■aUtfqde  of  exceedingly  minute  amoebiv.  each  having  all  the 
infcitiu  of  the  original.  But  it  is  obvious,  as  in  the  like 
CrwioD  of  a  mass  of  a  chemical  substance,  that  the  division  could 
W  be  repeated  indefinitely.  Just  as  in  division  of  the  chemical 
■mwe  come  to  the  chemical  molecule,  further  division  of  which 
the  properties  of  the  substance,  so  in  the  continued 
of  the  amcBba  we  should  come  to  a  stage  in  which  further 
interfered  with  the  physiological  actions ;  wc  should  come 
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to  a  pfiysiologicnl  unit,  correspniiJiDg  to  but  greatly  more  complex 
thun  the  chemical  molecule.  This  unit  to  rciiiiim  u  physiological 
unit  ftud  to  continue  to  live  must  cdiiUiiu  iidL  utily  a  portion  of 
ihu  livin;;  subBttince  but  also  the  food  for  that  living  subatunca, 
in  sc-VLTal  at  least  of  the  stages,  from  the  initial  mw  fifod  up  lo  the 
final  '  living'  singes,  and  must  similarly  contain  various  slagi^  of 
waste. 

§6.  Now  the  great  ohuract^riatic  of  the  typically  simple 
amtpha  (leaving  out  the  nucltiiis)  is  that,  bo  far  as  we  can  ascer- 
tain, all  the  physiological  units  aro  alike ;  they  all  do  the  same 
thinj^.  Eacn  and  every  part  of  the  body  receives  food  more  or 
lews  niw  and  buUds  it  up  into  it«  own  living  substance;  each 
and  every  part  of  the  body  may  be  at  one  time  quiescent  aud 
at  another  in  motion;  each  and  every  part  is  sensitive  and 
responds  hy  movement  or  otherwise  to  various  changes  in  its  sur- 
roundings. 

The  body  of  man,  in  its  first  stage,  while  it  is  as  yet  an  ovum, 
if  we  leave  aside  the  nucleus  and  negleot  differences  caused  by  the 
uuequal  distribution  of  food  material  or  yolk,  may  also  bo  said  to 
be  composed  of   like  parts  or  like  physiologienl  units. 

By  the  act  of  segmentation  however  the  ovum  is  divided  into 
parts  or  colls  which  early  shew  differences  from  each  other;  and 
these  difTe re nces  rapidly  increase  a.i  development  prficeeds.  Some 
cells  put  on  certain  characters  and  others  other  characters  ;  that 
is  to  say.  the  cells  undergo  hi»tologieal  differentiation.  And  this 
takes  place  in  such  a  way  that  a  number  of  cells  lying  together 
in  a  group  become  eventually  converted  into  a  tissue;  and  the 
whole  body  becomes  a  collection  of  such  tissues  arranged  together 
according  to  morohological  laws,  each  tissue  having  a  definite 
structnre,  its  cellular  nature  being  sometimes  preserved,  somelimus 
obscured  or  even  lost 

This  histological  difTerontiution  is  accompanied  by  a  phtftio- 
logical  division  of  labour.  Each  tissue  may  be  supposed  to  be 
composed  of  physiological  units.the  units  of  the  same  tissue  being 
alike  hut  difVering  from  the  units  of  other  tissues ;  and  corre- 
sponding to  this  difference  of  structure,  the  units  of  different 
tissues  behave  or  act  differently.  Instead  of  nil  the  units  as  in 
the  amixba  doing  the  same  things  equally  well,  the  units  of  one 
tissue  are  told  off  as  it  were  to  do  one  thing  es)>ecially  well,  or 
especially  fully,  and  thus  the  whole  Inhonr  of  the  body  ie  divided 
among  the  several  tissues. 

§  7.  The  several  tii<»iies  may  Uius  he  classified  according  to 
the  work  which  they  have  to  do ;  and  the  first  great  distinction  is 
into  (1)  the  ti.*siie3  which  are  concerned  in  the  setting  free  of 
energy  in  special  ways,  and  (2)  the  tissues  which  are  concerned 
in  replenishing  tlie  substance  and  so  renewing  the  energy  of  the 
body. 

Each  physiological  unit  of  the  amoeba  wlule  it  is  engaged  in 


•etting  free  energy  so  as  to  move  itself,  and  by  reasou  of  its 

ieiisitiveneea  so  directiug  that  eaergj  as  to  produce  a  movement 

luitable  to  the  cooditioas  of  its  surroundings,  has  at  the  same 

dme  to  bear  the  labour  of  taking  in  raw  food,  of  selecting  that 

nit  of  the  raw  food  wliicli   is  u«<:ful  and  rejucliog  that  which 

B  tueless.  and  of  working  \i\>  the  aoc«pU.-d  part  through  a  vurioty 

of  stages  into  it«  own  living  substAQCC ;  that  i»  to  say,  it  has  at 

^Ae  same  tiin«  Unit  it  h  feeling  and  moving  to  curry  on  th«  work 

^H  digesting  and  assimilating.     Il  lia.t  moreovtir  at  the  sainc  tiirn; 

^B  throw  out  Uie  waste  matters  ariHing  from  the  changes  taking 

^■Uce  in  its   own   substance,    having   tirst   brought  theise    waste 

^^uera  into  a  condition  suitable  for  being  thrown  out, 

}  8.     In  the  body  of  man,  movements,  as  wo  shtill  see,  are  broadly 

ipetUung carried  out  by  means  of  musculitr  tissue,  and  thecbauges 

amnscnlar  tissue  which  Ivad  to  Lhu  setting  frve  u(  vnurgy  in  the 

brm   of  movement  are  directed,  govunied,  and  adapted  to  th« 

nrroondings  of  man,  by  means  of  nervous  tissue.     Kays  of  light 

Ul  on  Che  nervous  sulistauee  of  the  eye  called  the  retina,  and  ^l 

o  in  the  retina  changes  which  induce  in  the  optic  nerve  otht^r 

cUDges,  which  in  turn  are  propagated  to   the  brain  as  nervoug 

njnStta,  both  the  excitation  and  the  propagation   involving  an 

ujeodittire  of  energy.     These  nervous  impulses  reaching  thi!  bruin 

nay  induce  other  nervous  impulses  which  travelling  down  cctrtaia 

nrms  to  certain  muscles  may  lead  Uj  changes  in  thosL-  muscles 

W  which  they  suddenly  grow  short  and  pull  upon  the  bones  or 

Uher  structures*  to  which  they  are  attached,  in  which  case  we  say 

&•  man  starts ;  or  the  nervous  impulsi>.s  reaching  the  hmin  may 

pndnce  some  other  effects.     Similarly,  sound  falling  on  the  ear, 

weoilact  between  the  skin  and  some  foreign  body,  or  soniR  change 

b  tfae  air  or  other  surroundings  of  the  body,  or  some  change  within 

^^tie  body  itself  may  so  affect  the  nervous  tissue  of  the  body  that 

^Btrrous  impulses  are  started  and  travel  to  this  point  or  to  that, 

^Btetbt  bniu  or  elaewherc,  and  eventually  may  either  reach  some 

^Musenlnr  tissue  and  so  give  rise  to  movements,  or  may  reach 

nIwi  tissues  and  produce  some  other  elTect. 

The  muscular  ti-isue  then  may  be  considered  as  given  up  to 
tki  production  of  movement,  and  the  nervous  tissue  as  given 
up  to  the  generation,  transformation,  and  propagation  of  nervous 
uBpolaei.  In  each  case  there  is  an  expenditure  of  energy,  which 
n  ths  case  of  the  muscle,  as  we  shall  see,  leaves  the  body  partly 
ubcat,  and  {nirtly  as  work  dune. but  in  the  case  of  nvr\-ous  tissue 
tt  wholly  or  ahnost  wholly  transfonnod  into  hi'iit  hi-fore  it  leaves 
Ike  body;  and  (his  «xpeuditun<  necessitates  a  replenishment  of 
iieigy  and  a  renewal  of  substance. 

I  ft  in  order  that  these  ma.iter  tissuea  —  the  nervous  and 
■ncalaj  tis.iues  —  may  carry  on  their  important  works  to  the  best 
tdnntage,  they  are  relieved  of  much  of  the  labour  which  falls  upon 
adt  physiological  unit  of  the  amoeba.     They  are  not  presented 
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with  raw  food ;  they  aro  uot  required  to  carry  out  th«  neceaeary 
transformutious  of  their  immediate  waste  matters.  The  wliole  ot 
the  n»t  of  th«  bixiy  is  utigiif^ed  (1)  ia  so  preparing  the  raw  food, 
nod  so  hriuging  it  to  the  riurvous  nud  muscular  tissues  that  the.te 
may  build  it  u))  into  their  uwu  subsUiuce  with  the  least  trouble  ; 
aiui  (2)  in  receiving  the  wawtti  matters  which  iiriac  in  muscular 
and  nervous  tissues,  and  preparing  them  for  rapid  and  easy 
ejec-lioTi  from  the  body. 

Thu3  to  certain  tiasues,  which  we  may  speak  of  broadly  ta 
'  tiasues  of  digestion.'  is  allotted  the  duty  oE  acting  on  the  food  aud 
preparing  it  for  the  use  of  the  muscular  and  nervous  tLssues ;  and 
to  other  tissues,  which  we  may  speak  of  as  '  tissues  of  excretion,* 
is  allotted  the  duty  of  clearing  the  body  from  the  waste  matters 
gicnuniLcd  by  the  muscuhir  and  nervous  tissues. 

§  lOi  These  tissues  are  for  the  most  part  arranged  in  machines 
or  mcchauisius  called  organs,  and  the  working  of  these  organs  in- 
volvfit  movement.  The  movemeuts  of  these  oi^ans  are  carried  out, 
lik«  the  oilier  movements  of  the  body,  chiefly  by  means  of  muscular 
tissue  governed  by  nervous  tissue.  Hence  we  may  make  a  dis- 
tinction between  the  muscles  which  are  concerned  in  producing  an 
eil'ect  on  the  world  outside  man's  body  —  the  muscles  by  which 
mau  does  his  work  in  the  world  —  and  the  muscles  which  are  coti- 
cemed  in  carrying  out  the  movements  of  the  internal  organs;  and 
we  may  similarly  make  a  distinction  between  the  nervous  Ussuv 
concerned  in  carrying  out  the  external  work  of  the  body  and  that 
concenied  in  regulating  the  movements  and,  as  we  shall  see,  the 
general  conduct  of  the  internal  organs.  But  these  two  classes  of 
mu-tcular  and  nervous  tissue  though  distinct  in  work  and,  as  we 
shall  see.  often  different  in  structure,  are  not  separated  or  isolated. 
On  the  contrary,  while  it  is  the  main  duty  of  the  nervous  tissue  aa 
a  whole  (the  ner\'ous  sj'stcm,  as  we  may  call  it)  to  carry  out.  by 
means  of  nervous  impidscs  passing  hither  and  thither,  what  may 
be  spoken  of  as  the  work  of  luan,  and  in  this  sen^e  is  the  master 
tissue,  it  also  serves  as  a  bond  of  union  between  itself  and  the 
muscles  doing  external  work  on  the  one  hand,  and  the  organs  of 
digtistiou  or  excretion  on  the  other,  so  that  the  activity  and  con- 
duct of  the  latter  may  be  adequately  adapted  to  the  needs  of  the 
former. 

§  11.  I-astly,  the  food  prepared  and  elaborated  by  the  digestive 
organs  is  carried  and  presented  to  the  muscular  and  nervous 
tissues  in  the  form  of  a  complex  fluid  known  as  blood,  which 
driven  by  means  of  a  complicated  mechanism  known  as  tin; 
vascular  system,  circulates  all  over  the  hotly,  visiting  in  turn  all 
the  tissues  of  the  body,  and  by  a  special  arrangement  known  as 
the  respiratory  mechanism,  carrying  in  itself  to  the  several  tissues 
a  supply  of  oxygen  as  well  as  of  food  more  properly  so  called. 

The  motive  power  of  thi.t  vascular  system  is  supplied  as  in  the 
case  qI  the  digestive  system  by  means  of  muscular  tissue,  the 


INTRODUCTION. 


0 


activity  of  which  is  similarly  governed  by  the  n«rvoas  system,  and 
hence  ihv  flow  of  blood  to  this  part  or  that  part  is  nsgulated 
,accordtug  to  the  iieeds  of  the  part. 

§  IS.  The  above  slight  sketch  will  perhaps  suffice  to  shew 
not  only  how  numeTouii  but  how  varied  are  the  problems  with 
which  Physiologv  haa  to  deal. 

Id  the  first  place  there  are  what  may  be  called  general  prob- 
leras,  such  as.  How  the  food  after  its  preparation  and  elaboration 
:  into  bh>od  is  built  up  into  the  living  substnuco  of  the  seveml 
tiasaea  1  Ilow  the  living  substance  breaks  down  into  the  dt'ad 
[mnte?  How  the  building  up  and  bn-aking  down  differ  in  tlie 
it  tJssnvs  in  such  a  way  thtit  wncrgy  is  set  free  in  ditfcrent 
FxDOdes, —  the  muscular  tis»nu  contracting, the  nervous  tissue  thrill- 
ing with  a  [lervoii.t  imjinlse,  tlio  secreting  tissue  doing  chemical 
work,  and  the  like  i  To  tliese  general  questions  the  answers  whicli 
we  can  at  present  give  can  hardly  be  called  answers  at  all. 

In  the  second  place  there  are  what  may  be  called  special 
problems,  such  as.  What  are  the  various  steps  by  which  the  blood 
" "  kept  replenishi^  with  food  and  oxygen,  and  kept  free  from  an 
ciunulation  of  wust^t.  and  how  is  the  activity  of  the  digestive, 
spitstory,  and  excretory  organs,  which  vBcct  this,  regulated  and 
f«d«pt«d  to  the  stress  of  ctri-nmstAno<.^s  ?  Wlmt  ari>  the  details 
of  Oie  working  of  the  vascular  niechanisin  hy  which  each  and 
every  tiasue  is  forever  bathed  with  fresh  blood,  and  how  is  that 
working  deUcately  adapted  to  all  tbe  varied  changes  of  the  body  ? 
And,  compared  with  which  all  other  special  problems  are  insignifi- 
cant and  preparatory  only.  How  do  nervous  impulses  so  Hit  to  and 
I  fro  within  the  nervous  system  tis  to  issue  in  tho  movements  which 
[mako  up  what  we  sometimes  call  the  life  of  man  ?  tt  is  to  these 
etal  p^)hlem8  that  we  must  chiefly  confine  our  atteution,  and 
Fwe  may  GUj  begin  with  a  study  of  the  blood. 
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t  ISl   Tub  several  tissues  are  traversed  hy  minute  tubes,  —  the 
_        _'  blood  vessels,  —  to  which  blood  is  brought  by  the  artcrius, 

Ibtd  from  which  Mood  ir  carried  away  by  the  veins.  These 
cai'iliaries  form  networks  the  mesheja  of  which,  difTering  in  form 

Land  size  in  the  different  tissues,  are  occupied  by  the  elements  of 

•the  tissue  which  eoosequeutly  lie  outside  tne  capillaries. 

Tin;  blood  tlnwiny  aloufj  thi'  capillariiis  consists,  under  normal 
OODilitious.  of  an  almost  colourless  tluid.  the  plasma,  in  which 
•re  carried  a  nuinli«r  of  bodies,  the  red  and  tlie  mAi'fc  eorpuneleii. 
Outside  the  capillary  walls,  tilling  up  such  spaces  as  exist  between 

|the  capillary  walls  and  the  cells  or  fibres  of  the  tissue,  or  between 
elements  of  the  tissue  themselves,  is  found  a  colourless  fluid, 

^Raemblinc  in  mituy  respects  the  plasma  of  blooil  and  called 
lymph,  thus  all  the  elements  «f  the  tissue  au'l  the  outsides  of 
mQ  tiie  capillaries  arc  bathod  with  lymph,  which,  as  we  shall  »eo 

'  berafter,  is   continually    flowing   away   from   tho   tissue   ulonf; 

Lsfwcial  channels  to  pass  into  lymphatic  vcsseU  and  thence  into 

rthe  blood. 

As  the  blood  flows  along  the  capillaries  certain  constituents 
of  the  plasma  (together  with,  at  times,  while  corpusck's,  and 
under  exceptional  circumstances  r<;d  corpuscles)  pass  through 
the  capillary  wall  into  the  lymph,  and  certain  conslitut;nts  of  the 
lympli  pass  through  the  capillary  w»ll  into  the  blood  within  the 
■pillary.     Tlmrn  is    thus  an    inlt^riTliange   of   material   between 

^tbe  blood  within  the  capillary  and  the  lymph  outside.  A  similar 
interchanse  of  materia]  is  at  the  same  tame  goiug  on  between  the 
lymph  and  the  tissue  itself.  Hence,  by  meana  of  the  lymph  acting 
as  middleman,  a  double  Interchange  of  material  takes  place  between 
the  blood  within  tlie  capillarv  and  the  tissue  outside  tlie  capillary. 
In  every  tissue,  so  long  as  life  lasts  and  the  blood  Hows  through 

[the  blood  vesaols,  a  double  strenm,  now  rapid  now  slow,  is  passing 
the  blood  to  the  tissue  and  from  the  tissne  to  the  blood. 

I  The  stream   from  llie  blood  to  the   tissue  carries  to  the  lijwne 

I  the  material  which  the  tUsue  needs  for  building  icaelf  up  and 

[for  doing   ita  work,  including   the    all-important  oxygen.     The 
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atream  from  the  tisHue  to  the  hlood  carries  into  tho  blood  certain 
of  the  products  of  the  chemicnl  changes  which  have  bucn  taking 
place  in  the  tissue,  —  products  which  may  be  simple  waste,  to  ha 
cost  out  of  the  body  as  soon  as  possibki,  or  which  may  be  bodies 
capable  of  being  made  use  of  by  some  other  tissue. 

A  third  stream,  that  from  the  lymph  lying  in  the  chinks  and 
crannies  of  the  tissue  along  the  lymph  cliaiinels  to  the  larger 
lymph  vessels,  carries  away  from  the  tissue  such  parts  of  the 
material  comuig  from  the  blood  as  are  not  taken  up  by  the  tissue 
itself  and  such  parts  of  the  material  coming  from  the  tissue  as  do 
not  find  their  way  into  the  Iilood  vessel. 

In  most  tissues,  as  in  muscle  for  instance,  the  capillary  net- 
work is  so  close  set  and  the  muscular  fibre  lies  so  near  to  the 
blotid  vessel  tiiat  the  lymph  between  ihe  two  exists  only  as  a  very 
thill  sheet;  but  in  some  tissues,  as  in  cartilage,  tiie  hlnod  vessels 
lie  on  the  outside  of  a  large  mass  of  tissue,  the  interchange  be- 
tween the  central  parts  of  which  and  the  nearest  capillary 
blood  vessel  is  carried  on  through  a  long  stretch  of  lymph.  But 
in  each  case  the  princijdi-  is  (lie  same;  the  tissue,  hy  the  help  of 
lymph,  lives  on  the  blood;  and  when  in  succeeding  pages  wo 
s|)cak  of  changes  between  the  hlood  and  the  tissues,  it  will  be 
understood,  whether  expressly  stated  so  or  no,  that  the  changes 
are  cObcttid  by  means  of  the  lympli.  The  blood  may  tlnis  be 
regarded  a-s  nn  hitenud  meiHum  bearing  the  same  relations  to 
the  constituent  tissues  that  the  external  medium,  the  world,  does 
to  the  whole  individual.  Just  as  the  whole  organism  lives  on  the 
thingB  around  it,  its  air  and  its  food,  so  the  several  tissues  live  on 
the  complex  fluid  by  which  they  are  all  bathed  and  which  is  to 
them  their  immediate  air  and  food. 

All  the  tissues  take  up  uxygcu  from  the  blood  and  give  up 
carbonic  acid  to  the  blood,  but  not  always  at  the  same  rate  or  at 
the  same  time.  Moreover  the  several  tissues  take  up  from  the 
blood  and  give  up  to  the  hlood  cither  different  things  or  the  samd 
thingH  nt  difTereut  rates  or  at  different  times. 

From  this  it  follows,  on  the  one  hand,  that  the  composition  and 
characters  of  the  blood  must  be  for  ever  varying  in  different  parts 
of  the  bodv  and  at  different  times ;  and  on  the  other  band,  that 
the  uniteci  action  of  sll  the  tissues  must  tend  to  establish  and 
niaiutatn  an  average  uniform  composition  of  the  whole  mass  of 
blood.  The  special  changes  which  blood  is  known  to  undergo 
while  it  passes  through  the  several  tissues  will  best  be  dealt  with 
when  the  individual  tissues  and  organs  come  under  our  considera. 
tion.  At  priisent  it  will  be  MufGcient  to  study  the  main  features 
which  are  presented  by  hlood,  brought,  so  to  speak,  into  a  state  of 
equilibrium  by  the  common  action  of  all  the  tissues. 

Of  all  these  main  features  of  blood,  the  most  striking  if  not 
the  most  important  is  the  property  it  possesses  of  clotting  when 
shed. 


SEC.  1.    THE  CLOTTING  OF  BLOOD. 


1 14  Blood,  wimn  shod  from  Uic  blood  ve«»els  of  a  living  body, 
is  perfocilv  lliiid.  In  a  short  time  lb  becomes  viscid  :  it  flnw8  has 
nsadily  (iKnn  vessel  to  vessel.  The  viscidity  increases  rapidly  until 
the  whole  mass  of  blood  under  ob»er\'ation  becomes  a  complete 
jvUy.  Tiie  vessel  into  which  it  has  bcf^n  shed  can  at  thia  atage  be 
iuvertfid  without  a  drop  of  tha  blood  being  spilt.  The  jelly  is  of 
ibe  same  bulk  as  the  previously  tiuid  blood,  ami  if  carefully  shaken 
out  will  present  a  compk'tc  mould  of  the  iottrior  of  the  veesel. 
If  the  blood  in  thi^  jvWy  5tii<;i;  bu  k'ft  untouched  in  a  glaaa  vessel, 
n  few  drops  of  an  almost  colourl(;i;s  fluid  soon  make  their  appearance 
on  the  surface  of  the  jelly.  Increasing  in  number,  and  running 
logvtlMtr.  the  drops  after  a  while  fnrni  a  superficial  layer  of  pale 
Miaw-coloured  fluid,  l^ter  on,  similar  layers  of  the  sauie  fluid  are 
•een  at  the  side^  and  finally  at  the  bottom  of  the  jelly,  which, 
thrunlc  to  a  smaller  size  and  of  tirmer  consistency,  now  forma  a 
clot  or  eraatamentum.  floating  in  n  perfectly  fluid  «ruM,  The 
shriaking  and  condcnsution  of  thu  clot,  and  the  corresponding 
increass  of  thf^  serum,  coiitinne  for  some  time.  The  upper  surface 
of  the  clot  is  generally  slightly  concave.  A  portion  of  the  clot 
examined  uixler  the  microscope  is  seen  to  consist  of  a  fcltwork  of 
Soe  granular  libriU,  in  the  meshes  of  which  are  entans^led  the  red 
and  whiU!  corpuscles  of  the  blood.  In  the  serum  nothini;  can  be 
fleen  bat  a  few  stray  corpuscles,  chiefly  white.  The  tibriht  are 
composed  of  a  substance  called  Jibrin.  iience  we  may  speak 
of  clie  clot  as  consisting  of  fibrin  and  corpuscles;  and  the  act 
of  clotting  is  obviously  a  substitution  for  the  plasma  of  fibrin 
and  scrum,  followed  by  a  separation  of  the  flbrin  and  corpuscles 
from  tiie  scroni. 

la  man,  blood  when  shed  becomes  viscid  in  about  two  or 
three  minutea,  and  enters  the  jelly  sUge  in  about  five  or  ten 
miantea.  After  the  lapse  of  anoUier  few  minutes  the  first  drops 
of  aeram  are  seen,  and  clotting  is  generally  compIet«  in  from  one 
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to  several  hours.  Tlie  times  however  will  be  found  to  vary  accord- 
iug  to  circumstaaccH.  Among  animals  the  mpidity  of  clotting 
varies  exceudiiigly  in  different  species.  Tho  blood  of  the  horse 
clot«  with  remarkftblp  slowness ;  so  slowly  indeed  that  many  of  the 
red  and  also  some  of  the  while  corpuscles  (both  these  being  speci- 
fically heavier  than  tlie  plasma)  have  time  to  sink  before  viscidity 
sets  in.  In  consequence  there  appears  on  the  surface  of  the  Mow! 
an  upper  layer  of  colourless  plasma,  containing  in  its  deeper  por- 
tions many  colourless  corpuscles  (which  are  lighter  than  the  red). 
This  layer  clots  tike  the  other  parts  of  the  blood,  forming  the  so- 
called  ■  huffy  ctKit,'  A  similar  bufTy  eout  is  sometimes  seen  in  tho 
blood  of  man,  in  certain  abiioniuil  conditions  of  the  body. 

If  a  portion  of  horse's  blood  he  furronnded  by  a  cooling 
mixture  of  ice  and  salt,  and  thus  kept  at  about  0  C,  clotting 
may  be  almost  indefinitely  postponed.  Under  these  circumstjinria* 
R  more  complete  descent  of  the  corpuscles  takes  place,  and  a 
considerable  (juantity  of  colourless  transparent  plasma  free  from 
blood -corpuscles  may  bo  obtained.  A  portion  of  this  plasma 
removed  from  the  freezing  mixture  cluls  in  the  same  manner  as 
does  the  entins  blood.  It  first  becomes  viscid  and  then  forms  a 
jelly,  which  suksCiiHently  Beparales  luto  a  colourle.*s  shrunken  clot 
and  senim.  This  shews  that  the  corpuscles  are  not  an  ettseiitial 
part  of  the  clot. 

If  a  few  cubic  centimetres  of  this  colourleas  plasma,  or  of  a 
similar  plasma  which  may  be  obtained  from  almost  any  blood  by 
means  which  we  will  presently  describe,  be  diluted  with  many 
times  its  bulk  of  a  0.6  p.c  solution  of  sodium  chloride '  clottins  is 
much  retarded,  and  the  various  stajjes  may  be  more  easily  watched. 
As  the  fluid  is  becoming  viscid,  fine  fibrili*  of  llhrin  will  be  sweu  to 
be  developed  in  it,  especially  ut  the  sides  of  the  containing  vessel. 
As  the.te  fibrils  multiply  in  number,  the  fluid  becomes  more  and 
more  of  tlie  consi.steiicc  of  a  jelly  and  at  the  same  time  somewhat 
opaciue.  Stirred  or  pulled  about  with  a  needle,  the  fibrils  shrink 
up  into  a  small,  opaque,  stringy  mass ;  and  a  very  considcmbio 
bulk  of  the  jelly  may  by  agitation  be  resolved  into  n  K.innta 
fragment  of  shrunken  fibrin  floating  in  a  quantity  of  what  is 
really  diluted  serum.  If  «  specimen  of  such  diluted  plasma 
be  stirred  from  time  to  time,  as  soon  as  clotting  begins,  with  a 
needle  or  glass  rod,  the  fibrin  may  be  removed  piecemeal  as  it 
forms,  and  the  jelly  st«ce  may  be  altogether  done  away  with. 
\\'hen  fresh  blood  which  lifts  not  yet  had  time  to  clot  is  stirred  or 
whipjHid  with  a  bundle  of  rods  (or  anything  presenting  a  large 
amount  of  rough  surface),  no  jelly-Uke  clotting  takes  place,  but 
the  rods  become  covered  with  a  moss  of  shrunken  fibrin.  Blood 
thus  whipped  until  fibrin  ceases  to  be  deposited,  is  found  to  have 
entirely  lost  its  power  of  clotting. 

>  A  *i>Iiiliiiii  iif  vMlium  ehloiidt  of  Iliii  strength  will  btuWtar  tn  aiinkan  of  ati 
'  ooriuitl  laliiia  solution. ' 
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Putting  these  facts  tc^etlier,  it  is  very  clear  that,  the  pheno- 
nena  of  die  clotting  of  blood  an*  caused  by  th«  nppcaranco  in  this 
plunia  of  fine  fibrils  of  librin.  So  long  as  these  are  scanty,  llie 
Hood  ia  simyly  viscid.  When  they  become  auilioiently  nimmroiis, 
they  pive  the  blood  the  firmue^  of  a  jelly.  Soon  after  their 
formation  Ibcy  begin  to  shrink,  und  while  shrinking  eDcloso  io 
lh<?ir  invshfs  the  corpuscles  but  squeeze  out  the  fluid  pnrts  of  the 
liloud.  tI<Mice  the  appearance  of  th«  shrunken  colourvd  clot  and 
ibu  colourless  serum. 

5  15.  Fibrin. whetherobtainsd by  whipping  frashly-shed  blood, 
or  by  washing  either  a  normitl'clot,  or  a  clot  obtained  from  colour- 
less pluina.  exhibits  the  same  genentl  characters.  It  belongs  to 
that  class  uf  complex  unstublu  uitrogcnoos  bodies  called  proleida 
which  form  a  hirg*^  portion  uf  nil  living  bodies  and  an  csseutial 
part  uf  all  living  stnicluixss. 

Oar  knowlcifgu  of  proti^iils  is  at  present  too  imperfect,  and 
probably  none  of  them  have  yet  been  prepared  in  adeiiuate  purity, 
to  justify  us  in  aUompdug  to  o-ssign  to  ihem  niiydetinite  formula; 
but  it  is  important  to  remember  their  general  composition.  100 
psrta  of  a  prot«id  contain  rather  more  than  50  parts  oE  carbon, 
nfher  more  than  15  of  nitrogen,  about  7  of  hydrogen,  and  rather 
nore  than  20  of  oxygun  ;  that  is  tu  say,  they  contain  about  half 
Cheirweight  of  r-arlion,  and  only  about  J  th  theirwcight  of  nitrogen; 
ud  yel  as  we  slinll  see  they  iire  eminently  the  uitiotienous  sub- 
nucea  o(  tile  body.  They  usually  contain  a  small  quantity 
(I  or  2  1I.C)  of  sulphur,  and  many  also  have  some  phosphorus 
stiached  to  tlieiu  in  some  way  or  other.  When  burnt  they  leave 
a  variable  quantity  of  ash.  consisting  of  inorganic  salts  of  which 
,  the  bases  are  chteSy  sodium  and  potassium  and  the  acids  chiedy 
liydrochlohc.  sulphuric,  pbusphoric,  and  carbonic 

Tb«j  all  give  iK^Ttuin  reactions,  by  which  their  presence  may 

leoognised ;  of  the.He  Uie  most  chanct^Tristic  urc  the  [ollowing : 

with  nitric  acid  they  give  a  yellow  colour,  which  d^e[>ens 

Dto  orangi;  u|>on  the  addition  of  ammonia.     This  Is  calleit  the 

\santhoprottK  levt;  the  colour  is  due  to  a  product  of  decompoai- 

doo.     Boiled   with    the    mixture    of    mercuric    and    mercurous 

iutret«8  known  as  MiUon't  Ttagrni  they  give  a  pink  colour. 

f  Jlixcd  with  a  strong  solution  of  sodJc  hydrate  they  give  on  ihu 

^addition  of  u  drop  or  two  of  a  very  weak  solution  of  cupric  sul- 

!  A  vioh'l  colour  which  di-cpL-ns  on  hcnting.    Thfs»!  are  artificial 

licHis,  not  throwiug  much  il  ;iiiy  light  on  the  constitution  of 

eiils;  but  they  are  useful  as  pnicticnl   tests  enabling  us  to 

ect  the  prettence  of  proteids. 

The  several  members  of  Che  proteid  group  are  at  present  dis- 

liahed  from  each  other  chieRy  by  their  respective  solubilities. 

cially  in  various  saline  solutions,     fibrin  is  one  of  the  least 

liable  ;  it  is  insoluble  in  water,  almost  insoluble  in  dilnt«  neutral 

solutions,   very   sparingly   soluble   in   muiv   concentrated 
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neutral  saline  oolutions  and  in  dilute  acids  and  alkalis,  but  is 
eaaily  dissolved  in  strong  ticids  and  alkalis.  In  the  process  of 
eulution  it  becomes  changed  into  somclhiug  whidi  is  no  longer 
fibrin.  In  dilittu  acids  it  swells  up  and  becomes  truuspnrcnt.  but 
when  the  iicid  is  nuiitiuliKvil  n^tiiriis  U>  its  jirevious  couditiuu. 
Whon  Kusjiended  in  water  and  heated  to  100"  <!.oreveii  ti>  75"  C, 
it  b(*cunit'-»  cihaiiged  ;  il  is  siiil  less  soluble  than  before.  It  is  said 
in  this  case  to  be  coni/tdaUd  by  the  heat;  and  as  we  sliall  see, 
nearly  all  proteids  have  the  property  of  being  changed  in  nature, 
of  undergoing  coagulatiou  and  so  becouiiug  less  soluble  thnn 
before,  by  being  exjiosed  tu  a  certain  biyh  twiiipunitun!. 

Fibrin  then  is  a  proieid  di.s ting uis bed  from  other  proteids  by 
its  smiiller  solubility  i  it  is  further  distinguished  by  its  jtcculiiir 
fdatnuiitou.'*  structure,  the  other  proteids  when  obtained  in  a  solid 
form  apjwaring  either  in  amorphous  granules  or  at  most  in  viscid 
masses. 

S  16.     We  may  now  return  to  the  aertim. 

This  is  ]^>erfcctly  fluid,  and  rL-nmius  lluid  until  it  decomposes. 
It  is  of  a  faint  straw  colour,  due  to  the  presence  of  a  special 
pigment  substance,  differing  from  the  red  matter  whicli  gives 
ndiiess  to  llie  red  corpuscles.  Tested  by  the  xanthoproteic  aijd 
other  tests  it  obviously  contains  a  large  quantity  of  proteid 
tuatt«r,  and  upon  examination  we  find  that  at  least  two  distinct 
proteid  substances  arc  present  in  it. 

If  crystals  of  magnesium  sulphate  be  added  to  serum  and 
gently  Btin-ed  until  Jhey  dissolve,  it  will  be  seen  that  the  serum 
as  it  approaches  sutumtiun  with  the  salt  becomes  turbid  instead 
of  rvntaining  clear,  anil  eventuiiUy  a  white  amorphous  granular  or 
tlocculcnt  precipiiat*'  makes  its  appearance.  This  precipitate  may 
be  sepumted  by  decantation  or  liliration.  washed  with  saturated 
solutions  of  magnesium  sulphat*!,  in  which  it  is  insoluble,  until 
it  is  freed  from  all  other  constituents  of  the  serum,  and  thus 
obtained  fairly  pure.  It  is  then  found  to  be  a  proteid  body, 
distinguished  by  the  following  characters  among  others :  — 

1.  It  is  (wlien  freed  from  any  adherent  nnignesium  sulphate) 
insoluble  in  disrilled  water;  it  is  insolulde  in  concentrated 
solutions  of  neutral  saline  bodies,  such  as  magnesium  sulphate, 
sodium  chloride,  &c..  but  readily  soluble  in  dilute  (o.g.  1  p.c) 
solutions  of  the  same  neutral  saline  bodies.  Hence  from  iu 
solutions  in  the  latter  it  may  be  precipitated  either  l>y  adding 
more  neutral  saline  substance  or  by  removing  by  dialysis  the 
small  quantity  "f  aaline  substance  pr*-wni.  When 'obtained  in  e. 
precipitattid  form,  and  suspended  in  distilled  water,  it  readilv 
dissolves  into  a  clear  solution  upon  llie  addittou  of  a  small  quan- 
tity of  some  neutral  saline  body.  Ity  these  various  solutions  and 
precipitations  it  is  not  really  changed  in  nature. 

2,  It  readily  diaaolves  in  very  dilate  acids  (e.g.   in   hydro- 
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dllorio  acid  even  when  diluted  to  far  Iet«R  than  1  p.c),  and  it  is 
umiUrly  aolnble  in  dilute  alkalU ;  but  in  being  thus  dlfisolved  it  is 
dunged  in  nature,  and  the  solutions  of  it  in  dilnt«  acid  and  dtlnt« 
tikalis  give  reactions  qiiit«  different  from  those  of  the  solution 
o(  the  substance  iu  dilute  neutral  saline  solutions.  By  the  acid 
it  is  convuTtvd  into  what  la  cnllt.*d  iicid-ulbumin.  by  the  alkali 
into  aikali-ulbtimin,  both  of  which  bodi«H  wc  shall  have  to  study 
ht«r  on. 

3.  When  it  is  suspended  in  water  and  heated  it  becomes 
altered  in  character.  caa^nlaUd,  and  all  its  reactionti  are  cliang<rd. 
tt  is  DO  louffer  soluble  in  dilute  neutral  saline  solutions,  not  even 
in  dilute  acida  and  alkalis ;  it  has  become  eoar/ulatcd  proUid,  and 
is  now  eveo  less  soluble  than  fresh  fibrin-  When  a  solution  of  it 
in  dilute  noutral  saline  solution  is  similarly  heated,  a  similar 
change  takes  place:  n  precipitate  falls  down  which  on  e.YaminAtiiin 
is  found  to  ^  coagulated  proteid.  Tlie  t«mperattire  at  which 
tfais  change  takes  place  is  somewhere  about  75"  C,  though  shift- 
ing slightly  according  to  tlie  quantity  of  saline  substance  present  in 
the  solution. 

The  above  three  reactions  are  given  by  a  number  of  proteid 
bodies  forming  a  group  calkd  globulins,  and  the  particular  globulin 
preseat  in  blood-serum,  is  called  paraglobulin. 

One  of  the  pnjt^ids  present  in  blood-scrum  Is  then  para* 
globulin,  characterised  by  its  solubility  in  dilute  neutral  salinu 
solutions  ;  its  insolubility  in  distilliHl  water  am)  ciiiiceutmt«d  saline 
tolnlioDS ;  its  ready  solubility,  and  at  the  same  time  conversion 
into  other  bodies,  in  dilute  acids  and  alkalU ;  and  in  its  becoming 
converted  into  coagulated  proteid,  and  so  being  precipitated  from 
its  solutions  at  75"  C. 

Tho  amount  of  it  present  in  blood-serum  varies  in  varions 
snimals,  and  np|<iin.-ntly  in  the  samo  auima]  at  diSeient  times.  In 
100  parte  by  weight  of  serum  there  are  generally  present  about 
8  or  9  parts  of  proteid-t  altog«tiier ;  and  of  those  some  8  or  4,  more 
or  less,  may  be  taken  as  parnglobulin. 

{  17.  If  the  aemm  from  which  the  paraglobuliu  has  been 
precipitated  by  the  addition  of  neutral  salt,  and  removed  by  fib 
tnttioo,  be  subjeeted  to  dialysis,  the  salt  added  may  be  removed, 
and  a  clear,  somewhat  diluted  scrum  free  from  parH^lobulin  may 
be  obtained.  This  still  gives  abundant  proteid  rcitotions,  ko  that 
the  .terum  still  contains  a  proteid,  or  some  proteids  still  more 
soluble  than  the  globulins,  since  they  will  remain  in  solution, 
and  are  not  precipitalcil,  oven  when  dialysis  is  continued  until 
the  aemm  is  practically  freed  from  both  the  neutral  salt  added 
tn  it  and  the  difTusible  saltA  previously  present  in  the  natural 
serum.  When  thw  serum  i"  hpflt<>(l  to  75  C.  a  precipitate  makes 
ito  appearance ;  the  proteids  still  present  are  coogulated  at  this 
tenperature. 
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We  have  some  roasous  for  thitikiiig  thot  more  than  one  proteid 
is  present;  but  they  ate  all  eloscly  alliod  to  each  other,  and  we 
may  for  the  present  speak  of  them  as  if  they  were  one,  nnd  call 
the  proteid  left  in  senira,  after  removal  of  the  parafjlobulin, by  thu 
Dnme  of  alhumiii,  or,  to  diBtiDKiiish  it  from  othsr  albumins  fiiiiitd 
elsewhere,  serum-albumin-.  Serum-albumin  ia  diHtinguinhed  by 
bcinj*  mor«  soluble  tbnn  the  slobulins.  since  it  ia  soluble  in  dis- 
tilled wAtCT.  even  in  the  idmuncu  of  all  neutral  salts.  like  the 
globuIiDS,  though  with  much  Ifc^ss  euse,  it  is  converted  by  dilute 
acids  and  dilute  alkalis  into  acid-  or  into  alkali-albumin. 

The  percentage  amount  of  si-rum-albumin  in  serum  may  be 

Iiut  down  as  4  or  5,  more  or  less ;  but  it  varies,  nnd  sometimeK  ift 
ess  abundant  than  paraglobulin.     In  some  animals  (snakes)  it  is 
aaid  to  disappear  during  starvation. 

The  more  important  characters  of  the  three  proteids  which  we 
have  just  studied  may  be  stated  as  follows :  — 

Soluble  in  waKir  and  in  snliiiu  solutions  of  all 

strengths .  ttniVi,-allfHmin. 

Insoluble  in  water,  readily  soluble  in  dilute 
saline  solutions,  iusolubla  in  concentrated 
saline  solutions para</lobtilin. 

Insoluble  in  water,  hardly  soluble  at  all  in 
dilute  saline  solutions,  and  veryUttle  solu- 
ble in  more  concentnited  saliue  solutions  .^6nfl. 

Besides  parnglobulin  and  scrum-albumin,  serum  contahts  a 
very  large  number  o(  subst»ne«;s,  generally  in  small  quantity, 
whicTi,  since  they  havg  to  be  extracted  by  sjwcial  methods,  arc 
called  t-Uractives  ;  of  thi'«o  some  are  nitrogenouK,  some  non- 
nitrogenous.  Scrum  contains  in  addition  important  inorganic 
saline  substances;  but  to  these  we  shall  return. 

§  18.  With  the  knowletlge  which  we  have  gained  of  the  pro- 
toids  of  clottpd  blood  we  may  go  back  to  the  question  :  Clotting 
being  due  to  the  appearance  in  blood  plasma  of  a  proteid  sub- 
stance, fibrin,  which  previously  did  not  cixist  in  it  as  such,  what 
are  the  causes  which  lead  to  the  uppunrftnce  of  fibrin  \ 

We  learn  something  by  studyin-i  the  most  important  external 
circumstances  which  nffcct  the  rapidity  with  which  the  blood  of 
the  same  individual  ciots  when  shed.     These  are  as  follows:  — 

A  teni]>erature  of  about  40°  C,  which  is  about  or  slightly  above 
the  tempralure  of  the  blood  of  warm-blooded  animals,  is  perhaps 
the  most  favourable  to  clotting.  A  further  rise  of  a  few  degrees  is 
apparently  also  beneScial,  or  at  lou^t  nut  injurious ;  but  upon  a  xtill 
further  rise  the  effect  changes,  and  when  blood  is  rapidly  heated 
to  56°  C,  no  clotting  at  all  may  take  place.  At  this  temperature 
certain  proteids  of  thi.*  blood  are  coagulated  and  precipitated 
before  clotting  can  take  place,  and  with  this  change  the  power  of 
tbu  blood  to  clot  is  wholly  losL     If  however  the  heating  be  not 
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fety  rapid,  the  blood  may  clot  befors  tbis  cliangc  has  time  to  come 
BtL  When  the  temperature  inat^^ad  of  beiiiy  mi^eil  is  lowered 
below  40°  C.  the  cIottinR  becomes  delayed  and  prolonged ;  and  nt 
the  tempcratunt  of  0°  or  I  °  C.  tho  blood  will  remain  fluid,  and  yet 
^H  apable  of  clottiiij;  when  withdrawn  from  tho  adverse  circumstances, 
^H  for  «  very  long,  it  inigbt  almoHi  he  said  for  an  indefinite,  time. 
^V  A  small  (iiianlily  of  blood  shed  into  a  small  vessel  clots  sooner 
^V  than  fl  large  quantity  shed  into  a  larger  one;  and  in  ffoneral  the 
neater  the  nmount  of  foreign  surface  with  which  the  blfind  comeS 
m  contact  the  more  rapid  the  clotting.  When  shed  blood  » 
Bdrred  or  "  whipped  "  the  fibrin  makes  its  appearance  sooner  than 
when  the  blood  is  left  to  clot  iu  ihc  onlinar^'  way ;  so  that  here 
too  thv  aocx.' 1cm ting  inlln«&oe  of  contact  with  foreign  bodies  makes 
^K  itMflf  fi'lt  Similarly,  movement  of  shod  blooil  hnslens  clotting. 
^H  aiDCC  it  increases  the  amonnt  of  contact  with  foreign  bodies.  So 
^H  also  the  addition  of  spongj-  platinum  or  of  powdervid  charcoal,  or 
^»  of  other  inert  powders,  to  tardily  clotting  blood,  will  by  influence 
of  surface,  hasten  clotting.  Conversely,  blood  brought  into  contact 
with  pur«  oil  does  not  clot  so  rapidly  as  when  in  contact  with  glass 
or  metal ;  and  blood  will  continue  to  flow  for  a  longer  timt  without 
dotting  through  A  tube  smeared  inside  with  oil  than  through  a 
tube  not  so  smored.  The  influenc«  of  the  oil  in  such  caaeii  is  a 
physicul  not  a  chemical  one ;  any  pure,  neutral,  inert  oil  will  doi 
As  far  as  we  know,  these  influences  aifect  only  the  rapidity  with 
which  the  clotting  takes  place ;  that  is,  the  rapidity  with  which  the 

I  fibrin  nmkes  its  appearance,  not  the  amount  of  clot,  not  the  c]uan- 
tity  of  fibrin  fonned.  though  when  clotting  is  very  much  retarded 
by  cold  changes  may  ensue  when-by  the  nmount  of  clotting  which 
eventually  takes  place  is  indirectly  aflected, 
Kere  exposure  to  air  exerts  appeieutly  little  influence  on  the 
prooess  of  clotting.  Hlood  collected  direct  from  a  blootl-vejtsel 
over  mercuiy  so  as  wholly  to  exclude  the  air,  clots,  in  a  general 
way,  a.<t  readily  as  blood  freely  exposed  to  the  air.  It  is  only  when 
blood  is  much  laden  with  carbonic  acid,  the  presence  of  which  is 
■atagonistic  to  clotting,  that  exclusion  of  air,  by  hindering  the 
escape  of  the  excess  of  carbonic  acid,  delays  clotting. 
These  tacts  beach  us  that  fibrin  does  not  as  was  once  thought 
Bake  its  appearance  in  shed  blood  because  the  blood  when  slied 
ceases  to  Rhaie  in  the  movement  of  the  circulation,  or  because  the 

!  blood  is  cooled  on  leaving  the  warm  Itody,  or  because  the  blood  is 
then  more  freely  exposed  to  the  air ;  they  further  suggest  the  view 
that  the  bbrin  is  the  result  of  some  chemical  change,  the  conversion 
into  fibrin  of  something  which  ia  not  Kbrin.  the  change  like  other 
chemical  changes  being  mort  active  at  an  optimum,  temperature, 
and  like  so  many  other  chemical  change*,  being  assist'.-d  by  the 
infiaences  exerted  by  the  presence  of  inert  bodies. 
And  we  have  direct  exporimental  nvidencc  that  plasma  does 
contain  an  antecedent  of  fibrin  which  by  chemical  change  is 
MHtverted  into  fibrin. 
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§  19.  Tf  blood  be  received  direct  from  the  blood-vessels  into 
oni>-third  its  bulk  of  s  saturated  solution  of  som«  neutral  salt  such 
a-s  iiiagiieflium  sulphate,  and  the  two  gently  but  thoroughly  mixpd, 
clotting,  especially  at  a  tuo(leriili-ly  lnw  tempKratmi'.  will  be 
dtiferred  tor  a  very  long  time.  If  tbe  mixture  be  allowed  to  stand, 
thv  rorpiiscIvH  will  sink,  and  a  colourless  plasma  will  be  obtained 
similar  to  the  plasma  gained  from  horse's  blood  by  cold,  except 
that  it  contains  an  excess  of  the  neutral  salt.  The  presence  of 
the  neutral  salt- has  acted  in  the  same  direction  as  cold:  it  haa 
prevented  the  occurrence  of  clotting  It  has  not  destroyed  the 
librin ;  for  if  sonic  of  the  plnt^ma  bo  diluted  with  from  five  to  iva 
times  its  bulk  of  water,  it  will  clot  speedily  in  quite  a  normal 
fashion,  witli  the  production  of  quite  normal  fibrin. 

Tlio  separation  of  tl)e  fluid  plflsmn  from  the  corpnsclea  and  ^m 
other  bodies  houvier  than  the  plasma  is  much  faoititaI«d  by  the  uhs  of 
tlif  CL>iilrifut;al  iti.'icUiiie.  Tliie  coiisists  essentially  of  a  tireless  wlienl 
Willi  sciveriU  s|K)kfH,  jiiiii:ijd  in  a  bomoutal  poBilioii  ami  niuilL-  to  rt-viilvo 
with  giwit  vcilixiily  (1000  r''Volutii)iia  jilt  uiintile  for  iriHtiiiic;i>)  riniml 
iU  uxXk.  Tubes  of  riictnl  iir  very  clruiig  gl'Liss  nra  Kunpnulnd  iit  the  oiniii 
of  tlin  Rpolccj;  by  ciirefiitly  niljiistud  joints.  A*  tlio  wliuiil  mtatno  witli 
incriMwing  vejncity,  each  tube  ^riichinlly  aaBumes  a  horixnntal  position, 
bottom  outwards  without  spilling  nny  of  its  contents.  As  tbo  mpid 
rotation  cintinues  the  corpnsclea  and  hravior  pnrticlos  ar«  driven  to  th« 
bottom  of  the  tube,  and  if  a  vfiry  rapid  raoveniput  be  continued  for  a 
long  time  will  form  a  compact  cako  at  tbe  bottom  of  tbe  tnbe.  When 
tbo  rotation  is  nlopjied  the  tubes  •jradually  return  to  tlieir  upriitht  posi- 
tion tyain  witliout  anything  bein^  apilt,  and  lb«  citur  plattnia  in  eacli  tube 
can  thnn  bo  decanted  off. 

If  some  of  the  colourlesa,  transpiirL'nt  plaamn.  obtained  either 
by  the  action  of  neutral  salts  from  any  blood,  or  by  tho  help  of 
cold  from  horse's  blood,  be  tn'nU-d  with  soin^-  solid  noutml  salt, 
such  OS  sodium  chloride,  to  saturation,  a  whili-,  flaky,  somewhat 
sticky  precipitate  will  make  its  appearance.  If  this  precipitate 
be  removed,  the  fluid  no  lon^'er  paasesses  the  power  of  clotting  (or 
very  illightly  so),  even  though  the  neuti'al  salt  present  be  removed 
by  diftlynis,  or  ita  influence  lessened  by  dilution.  With  the  re- 
moval of  the  substance  precipitated,  the  plasma  haa  lost  its  power 
of  clotting. 

If  the  precipitate  itself,  after  being  wnslied  with  a  t^nturgitod 
Holutiou  of  tht'  ncutnil  suit  (in  which  it  is  insoluble)  so  ns  to  got 
rid  of  all  siirum  and  other  constituents  of  the  plasmn,  be  tP?atcd 
with  a  small  quiintity  of  wat^r,  it  readily  ilissolves,'  and  tlie 
solution  rapidly  filtered  gives  a  clear,  colourless  filtrate,  which  is 
at  first  perfectly  fluid.     Soon,  however,  the  fluidity  gives  way  to 


'  T)ii>  HulMtsnre  itwlf  u  not  tolulle  in  <lintS11i'il  whUt,  but  it  'itiaiitit.v  nf  Iha 
nviitnl  niu  alwaja  clings  to  thi'  pnioipiln1«,  and  th'm  tliT  ii<<dition  of  wnlcr  viitoillf 
givis  ri>e  t«  >  dilute  laliTiB  iclutipii,  in  which  tlie  aulntitnca  ia  readily  imluUa. 
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vitciditT,  and  this  in  tnm  to  &  jelly  condition,  and  finally  the  jelljr 
thrinks  into  a  clot  Soatint;  in  a  <:le>ar  fluid ;  in  other  wohIk,  tlie 
nitrate  clota  lifcn  plasniiu  Thus  tliuru  is  present  in  cooled  plasma, 
tod  in  plasma  IcL^pt  from  I'ldtting  hy  tliv  pruMiiiee  of  neutral  salts, 
■  Rometnin};.  prvcipitablu  by  Naturntion  with  nttutrnl  salts ;  a  some- 
Otiag  which,  Hiiioe  it  w  soluble  in  very  dilute  saliiiu  Hulutions, 
cannot  be  fibrin  itself,  but  which  in  Rolution  speedily  gives  rise  to 
Um  appearance  of  fibrin.  To  this  substance  ita  discoverer,  Deuls, 
gave  tJie  name  of  plasmine. 

The  Bubatance  thus  precipitated  is  not  however  a  single  body 
but  a  mixture  of  at  least  two  bodies.  If  sodium  chloride  be 
carefully  added  t«  plasma  to  an  cxti.Mit  of  about  13  per  cent,  a 
white,  flaky,  viscid  prccipttat<:  a  thruwn  down  wry  much  like 
plastDiDc.  If  aft«rthe  removal  of  the  lirst  precipitate  more  sodium 
chloride  and  esixiciully  if  magnettium  Kulpbate  be  added,  a  second 
pneipitate  \n  thrown  down,  les^  viscid  and  more  granular  than  the 
tirxt 

The  second  precipitate  when  examined  is  found  to  be  identical 
with  the  para^obulin,  coagulating  at  75°  C,  which  we  have 
already  Men  to  be  a  constituent  of  serum. 

The  first  precipitate  is  also  a  proteid  belonging  to  the  globulin 
groDp,  but  uiftcrs  from  puniglobulin  not  only  in  being  more 
readily  pre>cipicnted  by  s'Hlium  chloride,  and  in  being  when 
firecipttated  more  %-iscid,  but  nUo  in  iither  n-i^pi'Cts.  and  esiwcinlly 
in  being  coagulated  at  a  far  lower  tt^mperatnre  than  paraglobulin, 
viz.  aC  56°  C.  Now,  whilt  isolat«d  paraglobulin  cannot  by  any 
means  known  to  us  be  converted  into  fibrin,  and  its  presence  in 
the  so-called  plasmine  does  not  seem  to  be  essential  to  the  for- 
mation of  fibrin  ont  of  plasmine,  the  presence  in  plasmine  of  the 
body  coagulating  at  56°  C,  dfn;«  wrem  essenlini  to  the  conversion 
at  plaatninc  into  librin ;  and  we  have  n-atiun  (or  thinking  tliiit  it  is 
itanlf  eonvert'-d,  in  pnrt  at  leasts  into  fibrin.  Hence  it  has  received 
the  nnuiv  of  jibrinnijfn. 

§  SO.     The  rRason.<)  for  this  view  are  aa  followit. 

Besides  blood,  which  cJots  naturally  when  shed,  there  are 
mrtain  fluids  in  the  body  which  do  not  clot  naturally,  either  in 
the  l»ody  or  when  shed,  but  which  by  certain  artilicial  menna  may 
\m  bade  to  clot,  and  tn  clotting  to  yield  quite  normal  fibrin, 
Thn«  the  ao^called  serous  fluid  taken  .tome  houra  after  death ' 
fnim  the  pericardial,  plenral,  or  peritoneal  cavities,  the  fluid  found  in 
the  enlaced  serous  sac  of  the  testis,  known  as  hydrocele  fluid,  and 
nlher  similar  fluids,  will  in  the  majority  of  cases,  when  obtained  free 
fmm  blo<xl  or  other  admixtuies,  remain  fluid  almost  indelinitely, 
afaowing  nu  di»i>ositiori  whatever  to  cdot."     Vet  in  most  chm-s  at 

*  If  it  )w  mnvtwd  imiivdiatrly  aftrr  death  it  j^ncmlty  clnti  n«>lilj  and  firtaljr, 
flr^t  a  ootonrlrw  clM  nnuuting  at  fibiin  >iicl  white  anrfmulM. 

■  U  MO*  Bp^tiinfan,  hmrtnr,  ■  apoauiiHai  coDj^Ution,  j^nvnllj-  lUIgiht,  but  m 
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all  eveDts.  these  fluidH,  when  a  little  blood,  or  a  piece  of  blood  clot, 
or  a  little  gerum  is  added  to  tliem.  will  clot  rapidlv  and  Bmilv,' 
piviiig  rise  to  an  unmistiikeabb  clot  of  normal  fibrin,  differing  only 
from  tin;  clot  of  blood  in  that,  when  serum  is  used,  it  ia  colourlo*, 
beinf;  trco  from  red  mrpusdw*. 

Now,  blood  (or  blooti  dot,  or  »erum)  coaiRiDs  many  thitigs,  to 
any  one  of  which  the  clotting  [jower  thus  sei'u  might  bo  attributed. 
But  it  18  found  tiiat  in  many  casett  clotting  mny  \m  induced  in  the 
6uida  of  which  we  are  speaking  by  the  mere  addition  and  thnt 
even  in  exceedingly  small  quantity,  of  a  substance  which  can  !>« 
«xtruclcd  from  hlood.  or  from  serum,  or  from  blood  clot,  or  even 
from  washed  fibrin,  or  indeed  from  other  Bo;m:e8,  —  a  substance 
wlio^v  t;.\<tct  niituru  it;  umxtrlHin.  it  being  doubtful  whether  it  is  a 
proteid  At  nil,  nnd  who«v  action  is  peculiar. 

If  senim,  or  whipped  blood,  or  a  broken-up  clot  be  mixed  with 
a  large  quantity  of  alcohol  and  allowed  to  sUnd  some  day».  the 
proteids  present  are  in  time  so  changed  by  tlie  alcohol  as  to 
become  insoluble  in  water.  Hence  if  the  copious  precipitate 
caused  by  tJie  alcohol.  afUT  long  standing,  be  scpanitcd  by  filtration 
from  the  alcohol,  dried  at  a  luw  temperalurc,  not  exceeding  40"  C, 
and  extracted  witli  distilled  watvr,  the  aqueous  extract  contains 
very  little  proteid  matter,  —  indeed  very  little  organic  matter  at  all 
Nevertheless  even  a  small  quantity  of  this  aqueoua  extract  added 
alone  to  certain  specimens  of  hydiocele  fiuid  or  other  of  the  fluids 
spoken  of  above,  will  bring  about  a  speedy  clotting.  The  same 
aqueous  exUract  has  also  a  remarkable  effect  in  hastening  th« 
clotting  of  fluids  which,  though  they  will  cventuully  clot,  do  so 
very  slowly.  Thus,  plasma  may,  by  the  careful  ndditioa  of  a 
certain  <)u«ntity  of  neutral  i<4>1t  and  water,  be  reduced  to  such  a 
condition  that  it  clol*  verj"  slowly  indeed,  taking  perhaps  days  to 
complete  the  process.  The  addition  of  a  small  quantity  of  the 
aqueous  extract  we  are  describing  will,  however,  bring  about  a 
clotting  which  is  at  once  rapid  and  complet^^'. 

The  active  substance,  whatever  it  hv.  in  this  aqueous  extnct- 
exists  in  small  quantity  only,  and  its  clotting  virtues  are  at  once 
and  for  ever  lost  when  the  soluliou  is  boiled.  Further,  there  is  no 
reason  to  think  that  the  activo  sub(*t«nce  actually  enters  into  tho 
formation  of  the  fibrin  to  which  it  gives  rise.  It  appears  to  belong 
to  a  class  of  bodies  playing  an  important  jvirt  in  physiological 
processes  and  calU-d,  jfrmrnCt,  of  which  wc  shall  have  more  to  say 
nereafter.  ■  We  may  therefore  speak  of  it  as  the  ,/ffcn'M  ftrment,  the 
name  given  to  it  by  ita  discoverer  Alexander  SchmidL 

This  fibrin  ferment  is  present  in  and  may  be  extracted  from 
clotted  or  whipped  blood,  and  from  both  the  clot' and  the  senna 
of  clotUtl  blood ;  and  siaoj  in  most  if  not  all  cases  where  blood  or 

>  la  a  Eiw  cues  no  MjMgQl&tiQii  can  thai  be  inductd. 

■  A  nwttfal  MlnUon  of  Ubiiii  r<-niMat  may  ba   iMdAy  mpuH  b^  rfsplj- 
(xtncting  «  wadied  UodU  clot  wiUi  •  10  p.«.  (olatMa  <t  mUxm  eUoridc 
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blood  clot  or  fleram  pmdaces  clotting  in  hydrocele  or  pericardial 
Said,  an  exactly  fliniilAr  clotting  tnar  he  iiiduccil  by  thu  mi.>r« 
tditiuoii  of  fibrin  ferment,  we  aeeni  jtistifivd  In  coiK^Indinj;  that 
tiK  clottinif  virtues  of  the  fonner  are  dun  to  the  fernu-nt  wliicli 
tinej  ooiit](in. 

Jiow,  wIm;ii  fibrinof;i>n  is  precipitated  from  plasma  as  above 
drsctilied  by  sodium  dikiridc,  re.disHuh'ed,  and  reprecipitated,  more 
Uuui  nncD.  it  may  he  obuined  in  sulutiun.  by  help  of  a  dilute 
Ktitral  BAliiie  Rolution,  in  an  apprnxiinntoly  jmrc  cuudition.  at 
all  pvenw  free  from  other  proteids.  Sucli  a  solution  will  not  clot 
ipontaneously ;  it  may  i^iuain  lluid  indefinitely;  and  yet  on  the 
•ddition  of  a  little  librin  ferment  it  will  clot  readily  and  Uniily, 
"ing  quite  nonnal  fibrin, 

Thia  body  fibrinogwa  is  also  present  and  may  be  separated  out 
m  the  S[)ecimcii8  of  hydrocdo.  pericardial,  and  other  fluids  which 
clot  UD  tht;  mldition  of  fibrin  formunt ;  and  when  the  libriuugun  has 
a  wholly  n^moved  from  the^ie  fluids  they  refuse  to  clot  on  the 
jtion  of  (ibrin  ferinetit. 
Pai^lobutin,  on  the  other  hand,  whether  prei^ared  from 
plasmine  by  separation  of  tlie  librinogen,  or  from  serum,  or  from 
other  fluids  in  which  it  is  found,  cannot  be  converted  by  fibrin 
ferment  or  indeed  by  any  other  means  into  fibrin.  And  fibrino^eo 
isoUted  as  described  above,  or  serous  fluids  which  eonlaia 
ibrinogOD,  can  be  made,  by  means  of  fibrin  fenncut,  to  yield 
Qtle  notmal  Gbriu  in  thv  cumpk-tc  absence  of  pumj^lobuHn.  A 
ilution  of  pAnglotmlin  obtained  from  serum  or  blood  clot  will,  it 
true,  clot  pericardia!  or  hydrocele  fluids  containing  fibrinogen, 
or  indeed  a  solution  of  fibrinogen ;  hut  this  is  apparently  due  to 
lIi^  fact  that  the  pamglobulin  has  in  these  cases  some  fibrin 
rment  miied  with  it;  it  is  also  possible  that  under  certain 
nditions  the  presenco  of  paniglobuUn  may  be  favourable  to  the 
Lion  of  the  fcrmnnt. 
Wlien  tlie  so-called  plasminc  is  prvcipitaUtd  as  directed  in 
$  19,  fibrin  tcnnent  is  carried  down  with  the  flbrinoj^n  and  para* 
globulin;  and  when  the  pla«mine  'i»  re-dissolved  the  ferment  is 
present  in  the  solution  and  ready  to  act  on  tlie  fibrinogen.  Hence 
the  renUssolved  plasmine  clots  spontaneotLily.  When  fibrinogen 
iaolaled  from  pWma  by  repeated  precipitation  and  solution,  the 
nt  is  washed  away  from  it.  and  tbu  pure  fenDcnt-frcv  fibrin- 
.,  ultimately  obtained,  does  nut  clot  spontaneously. 
So  far  it  seenu  clear  that  there  does  exist  a  prot«id  body, 
riD«fgen.  which  may  hy  the  action  of  fibrin  ferment  be  directly. 
Ithout  the  inten'ention  of  other  proteids,  converted  into  the 
soluble  fibrin.  Onr  knowledge  of  the  constitution  of  prol«id 
bodiea  is  too  imperfect  to  enable  us  to  make  any  very  definite 
statement  as  to  the  exact  nalitrc  of  the  chauf^  thus  effected  ;  but 
W9  may  say  this  much:  Fibrinogen  and  fibrin  have  about  the 
MSw   elomeutary   composition,   librin    containing    a   trifle   more 
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nitrogen.  WIiPii  fibrinogen  is  converted  into  fibrin  b)-  mcsns  o( 
tilmn  ferment,  tlie  weight  of  tlie  fibrin  jiroiiuccd  is  always  less 
than  that  of  the  fibrioogen  wiiich  if  consiunici),  ami  tbi-n^  i^  alwnj'S 
produced  at  the  Bsme  time  a  certain  qiinnlity  of  aniJili(>r  jiroU^id, 
belonginK  to  the  globuliu  family.  There  are  reasons  however 
why  wc  cannot  spuak  of  the  furment  aa  sptittiiuj  up  tibrinogen 
into  tibriu  and  a  globulin.  It  seeina  more  probable  that  the 
ferment  converts  the  fibrinogen  first  into  a  body  which  we  might 
call  soluUt  fibrin,  and  then  t.nrnn  this  body  into  veritable  fibrin  ; 
hut  further  inquirieo  on  the  subject  are  needed. 

The  at^tion  of  the  fibrin  ferment  on  fibriiiog«ii  is  dependent  on 
other  conditions  besides  temperature;  for  instance,  the  presence 
of  a  calcium  salt  Bccms  to  be  necessary.  If  blood  be  shed  into  a 
dilute  solution  of  potassium  oxalate,  the  mixture,  which  need  not 
contain  uioru  than  '1  p.c.  of  the  oxalate,  remains  fiiiid  indefinitely, 
but  clots  readily  on  the  addition  of  a  smnll  quantity  of  n  calcium 
jtalt.  Apparently  the  oxalate,  by  precipiliUiug  the  ciilcium  salts 
present  in  the  blood,  prevents  the  conversion  of  the  fibrinogen 
into  fibrin.  So  also  a  solution  of  fibrinogen  which  has  been 
deprived  of  its  calcium  salts,  by  dilfnsinn  for  instance,  will  not  clot 
on  the  addition  of  fibrin  ferment  similarly  deprived  of  its  calcium 
anlts  :  but  the  mixture  clots  readily  on  ttm  addition  of  a  minute 
quantity  of  calcium  sulphate.  Wc  shall  have  to  speak  later  on  of 
a  somewhat  analogous  part  idayed  by  calcium  salts  in  the  curdling 
of  milk,  ll  may  be  added  that  the  presence  of  other  mrutral 
suits,  .such  as  sodium  chloride,  appears  to  infiuence  clotting. 

?  21.  ^Ve  may  conclude  then  that  the  plasma  of  blood  when 
sheA,  or  at  all  events  soon  after  it  has  been  shed,  contains  fibrino- 
gen; and  it  also  seems  probable  that  the  clotting  comes  about 
because  the  fibrinogen  is  converted  into  fibrin  by  the  action  of 
fibrin  ferment ;  but  wo  arc  still  for  from  a  definite  answer  to  tha 
question,  why  blood  remains  fluid  in  the  body  and  yet  clols  when 
shed  ? 

Wc  have  already  said  that  blood  or  blood  plasma,  brought  up  to 
a  temperature  of  56°  C.  as  soon  as  possible  after  its  removal  from 
tbo  living  blood  vessels,  gives  a  proteid  precipitate  and  loses  its 
pciwer  of  clotting.  This  may  lie  taken  to  shew  that  blood,  as  it 
circulates  in  the  living  blood  vessels,  contains  fibrinngon  as  such, 
and  that  when  the  blood  is  heated  In  Tifi"  C,  which  is  llie  coagu- 
l.il,ing  point  of  fibrinogen,  the  fibrinogen  present  is  coagulated  «nd 
precipitated,  and  consequently  no  fibrin  can  bo  formed. 

Further,  while  clotted  blood  undoubtedly  contains  an  abundance 
of  fibrin  ferment,  no  ferment,  or  a  minimal  quantity  only,  is  present 
in  blood  as  it  leaves  the  blood  vessels.  If  blood  be  received  ilirectly 
from  the  blood  vessels  into  alcohol,  the  aqueous  extract  prepared 
OS  directed  above  contaiua  no  ferment,  or  untixdy  a  trace.  Appa- 
rently the  ferment  makes  its  appearance  in  the  blood  as  the  result 
of  chaises  taking  place  in  the  tuood  after  it  has  been  shed. 
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We  might  &om  this  be  inclined  to  conclude  that  blood  clots 

when  shed  but  not  befon;.  becnuse, fibrinogen  being  alwaj-R  present, 

the  sitedding  brings  ubout  chan<>es  vrbieh  produce  tibrin  ferment, 

not  previously  existing,  aud  this  acting  on  the  fibrinot;eo  gives  ritie 

U)  fibrio.     But  we  meet  with   the  following  difficulty.     A  very 

ooDsideTnblc  ([unntity  of  very  active  femiciit  mny  be  injected  into 

Uie  blood  current  of  a  living  »iiimal  withoiil  neivttsarily  iin>ducing 

any  clotting  at  all.     Ubviougly.  either  blood  within   thi;   bluud 

vessels  does  not  contain   fibrinogen  as  such,  and  the   fihrinogou 

detected  by  heating  the  blood  U)  56°  C.  is  the  result  of  changes 

which  have  alrraily  eiiHiii;d  bfTnre  that  tuinpuratuie  is  reached; 

or  in  the  living  circulation   ih>-n;  are  iitpiHcies  at  work  which 

{■nrent  any  fvrnient  whioh  may  be  intriHluoed  into  tlic  circuln- 

tioD  from  producing  its  usual  effects  on  fibrinogen  ;  or  there  ant 

Igeacies  nt  work  which  destroy  or  do  away  with  the  librin,  little 

^  little,  as  it  is  formed. 

§  S8.  And  indeed  when  we  reflect  how  complex  blood  is,  and 
of  what  many  and  great  changes  it  is  »u«ccplibIo,  wo  Khali  not 
Wonder  that  tb«  qucution  we  are  putting  cannot  be  answered  off 
hiad. 

The  corpuscles  with  which  blood  ia  crowded  are  living  structurL'-s, 
■ad  conse()uenlly  are  continually  acting  upon  and  l>eing  acted 
iqMo  by  the  plasma.  The  red  corpuscles  it  is  true  are,  as  we  shall 
Me,  peculiar  bodies,  with  a  restricted  life  and  a  very  specialized 
work,  and  possibly  their  inSuonce  on  the  plasma  is  not  very  great ; 
but  we  have  reason  to  thiuk  that  the  rolnlions  between  the  white 
coqiusclea  and  the  ]>la!ima  an;  close  atid  important. 

Then  again  the  blood  is  nut  only  acting  upon  and  being  acted 
apon  by  the  several  tissues  as  it  Hows  through  the  various 
capillaries,  hut  along  the  whole  of  its  conrse,  through  the  heart, 
utt^rics,  capillaries,  and  veins,  is  acting  upon  aud  being  act«^^d  upon 
by  the  vascular  walls,  which  like  the  rest  of  the  Imdy  are  alive, 
and  lieing  alive  are  continually  underRoing  and  promoting  cliaug^. 
That  relations  of  some  kind,  bnving  a  direct  influence  on  the 
clotting  of  blood,  do  exist  between  the  blood  and  the  vascular 
walU  is  shewn  by  the  following  facts- 
Alter  death,  when  all  motion  of  the  blood  has  ceased,  the 
blond  remains  for  a  long  time  fluid.  It  is  not  till  some  time 
aftt-rwards,  at  en  epoch  when  post-morti^m  changes  lu  the  blood 
and  in  the  blood  vessels  have  had  time  to  ilcvelope  themselves, 
tliat  clotting  begins.  Thus,  .lome  hours  after  death  the  blood  in 
the  great  veins  may  be  found  still  perfectly  fluid.  Yet  such  blood 
baa  not  lost  its  power  of  clotting :  it  still  cloU  when  removed 
hom  the  body,  and  clots  too  when  received  over  mercuiy  without 
expoBum  to  air,  shewing  that,  tliough  the  blood,  being  highly 
reoous,  is  rich  in  carltonic  acid  and  contains  little  or  ttu  oxygen,  ite 
fluidity  is  n<it  due  to  any  excess  of  carbonic  acid  or  absence  of  oxy- 
gen.    Eventually  it  does  clot  even  within  the  veaseb,  but  perhaps 
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never  so  firmly  and  completely  as  when  shed.  It  eloW  first  ia 
the  larger  vesaels,  but  remains  tiuid  in  the  smaller  vesnels  for  n 
very  ioiif;  lime,  for  many  hours  in  fact,  since  in  these  the  swime 
bulk  of  bluud  is  exposed  to  the  iulluenco  of,  and  reciprocally 
exerts  an  intiueoce  on,  a  luryer  surface  of  the  vascular  walla, 
than  in  the  largijr  vi-sscls.  AikI  if  it  In^-  urged  that  the  re9itlt  is 
here  due  Ui  influences  exerted  by  the  \v>Ay  at  krge.  by  the  tissues 
as  well  as  by  the  vascular  walLs,  thiet  objection  will  not  hold  good 
against  the  following  experiment. 

If  the  jugular  vein  of  a  large  animal,  such  as  an  ox  or  hor^e. 
be  carefully  Ugutured  when  full  of  blood,  and  the  liyatured  por* 
tion  excised,  the  blood  in  many  eases  remaius  jierfectly  fluid, 
along  the  greater  jiart  of  the  length  of  the  piece,  for  twenty-four 
or  even  forty-eight  hinirs.  The  piece  so  ligatured  may  be  sus- 
pended in  a  framework  and  opened  at  the  tap  so  as  to  imitate  a 
living  test-tube,  and  yet  the  blood  will  often  remain  long  fluid, 
though  a  portion  removed  at  any  time  into  a  glnss  or  other  vessel 
will  clot  in  a  few  niinulca.  If  two  such  living  test-tulres  he  pre- 
pared, the  blond  may  be  poured  from  one  to  the  other  without 
clotting  taking  place. 

A  similar  relation  of  the  fluid  to  its  cout^ininj;  living  wall 
ia  seen  in  the  case  of  those  serous  fluids  whith  clot  spontane- 
oiisly.  If,  so  soon  after  death  as  the  body  is  cold  and  the  fat 
U  solidified,  the  pericardium  be  carefully  removed  from  a  Eheep 
by  an  incision  round  the  base  of  Ihc  heart,  the  pericardial 
fluid  (which,  as  we  have  nireiidy  seen,  during  life,  and  some 
little  time  after  death,  posscj^scs  the  power  of  clotting)  may  be 
kept  in  the  periairdial  lag  ns  in  a  living  cup  for  mnny  hourj* 
without  clotting,  and  yet  a  »-mall  portion  removed  with  a  pipette 
clots  at  onc«. 

Thii:  relation  between  the  blood  and  the  v«8cul«r  wall  may 
lie  di!=turbed  or  overridden  :  clotting  may  take  place  or  may  be 
indiioiMi  within  the  living  blood  vessel.  When  tin-  lining  meni- 
hrane  is  injured,  as  when  an  artery  or  vein  is  sliarply  ligatuied, 
or  when  it  is  diseased,  as  for  instance  in  aneurism,  a  clot  ia  apt  to 
he  formed  at  the  injured  or  diseased  »]iot ;  and  iu  certain  morbid 
conditions  of  the  body  clots  are  formed  in  various  vascular  tracts. 
Absence  of  motion,  which  in  shed  blood,  as  we  have  j^ecn,  is  un- 
favourable to  clotting,  is  apt  within  the  bwly  to  lend  to  clotting. 
Tiius  when  an  artery  is  ligatured,  the  blood  hi  liie  tract  of  artery 
on  the  cardiac  side  of  the  ligature,  Vietween  the  ligature  and  the 
brancii  last  given  off  by  the  artery,  ceasing  to  share  in  the  circula- 
tion, remains  motionless  or  nearly  so,  and  along  this  tract  a  clot 
forms,  firmest  next  to  the  ligature  am!  ending  near  where  the 
branch  is  given  off;  this  perhaps  may  be  explained  by  the  fact 
that  the  walls  of  the  tract  suffrr  in  their  nutrition  by  the  stagna- 
tion of  the  blood,  and  that  consequently  the  normal  relation  be- 
tween them  and  the  contiuned  bloml  is  disturbed. 
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That  the  blood  wilhiu  tbu  living  hluod  vfissela,  thou;;h  not 
KbuUy  cluttio){  tiurlei  normal  circinnstaiu^^,  may  easily  he  uiiule 
todot,  thnt  tlie  blood  is  in  fact  .«(>  to  synah.  a|\v»y»  on  tbe  point 
of  clotting,  is  sbewn  by  the  fart  tbat  a  foreign  body,  f«\icb  a^  a 
SMdltf  thruHt  inU)  tht?  interior  of  a  blcwij  vessel  or  a  thread  drawn 
lliniugh  and  left  in  a  blood  ve<)§el,  In  upt  to  become  covered  nnib 
fbria.  fjome  inHuence  exerted  by  tbe  needle  or  thread,  whatever 
■ay  be  the  oharacter  of  that  inflncncv,  is  sutfident  to  deteriuine  tt 
cloUiDg,  which  otherwise  would  not  liuvu  inki;n  pliieo. 

The  same  iiiBtnbility  of  tins  liliMjd  as  regards  ololling  is  strikingly 
thevo.  in  thi-  case  of  tbo  ral-liit  at  least,  by  the  rusnlt  of  Injecting 
ioto  thf  blood  vi-.ssels  a  small  [quantity  of  a  solution  of  a  peculiar 
protcid  pri?{jaiTHl  from  certain  structure.')  such  as  the  tliymua  body. 
MMiivc  clottinj^  of  the  blood  in  almost  all  the  blond  vessels,  small 
lf)d  large,  lakes  place  with  j^'reat  rapidity,  leading  to  the  sudden 
death  of  the  animal.  In  contrast  to  this  effect  may  be  mentioned 
the  result  of  iojecttng  into  tbe  blood  vessels  of  a  do}>  a  quantity 
M  R  solution  of  n  body  c^nllcd  nlbumosc,  of  whleli  wl'  sbull  hcrenfter 
I  lMir«  to  treat  as  a  ])rodnct  of  tbe  dt^estiou  of  pn>l«id  »ub»taiict-s, 
I  lo  the  ezUnt  of  3  Ktm.  jwr  kilo  of  body  weighu  So  far  from 
frodacinjf  clotting,  the  injected  albutnose  has  sucb  an  effect  on 
Ui«  blood  that  for  several  hours  after  the  injection  8bed  hlood  will 
Kfuse  to  clot  of  itself  and  remain  quite  fluid,  though  it  can  tje 
Bade  to  clot  by  special  treatment. 

§83.  All  t^e  foregoing  facts  tend  to  shew  that  the  blood 
as  it  is  flowing  through  tlie  healthy  blood  vessels  is.  so  far  as 
clotting  is  coiicenicd.  in  it  state  of  unstable  equilibrium,  which 
niay  at  any  moment  l>e  upset,  <.-vi^-n  within  the  blood  vessels, 
and  which  is  ujiset  directly  tbe  blo^d  is  shed,  with  clotting 
u  a  malt.  Our  pre^nt  knowledge  does  not  pormit  us  to 
LHiDlce  a»  authoritative  statement  as  to  the  exact  nature  of  this 
^Bguilibriuui.  There  are  reasons  however  for  thinking  tbnt  tlio 
^Hdiiie  corpuscles  play  an  important  part  in  the  matter.  Wbert^ 
^■rer  clotting  occurs  naturnllv,  white  corpuscles  an^  jiresent;  and 
this  is  true  not  only  of  blood  but  also  of  such  specimens  of  peri- 
cardial or  other  serous  fluids  as  clot  naturally.  And  many  argu- 
ment^ which  we  canuot  enter  upon  here,  may  be  adduced  all 
pointing  to  the  same  conclusion,  that  the  white  corpuscles  play 
an  itn]H>nant  part  in  the  process  of  dotting  But  it  would  lead 
US  u^'  far  into  controversial  niatU'rs  to  attempt  t'>  define  what 
tliat  part  is,  or  to  explain  the  e.vaot  nature  of  the  eijuih'briTim  of 
wluch  we  have  spoken.  What  we  do  know  is  that  in  bliMid  soon 
afuer  it  baa  been  shed,  the  body  which  we  have  called  fibrinogen 
is  prcseat  as  also  the  body  which  we  have  called  fibrin  ferment, 
that  the  latter  ucting  on  tbe  former  will  produce  fibrin,  and  that 
the  Bpivamnoc  of  fibrin  is  undoubtedly  the  cause  of  what  is  called 
'  itting  We  swm  justified  in  omc'l tiding  that  th>'  clotting  of 
blood  is  due  to  ttie  oonvereion  by  ferment  of  fibrinogen  into 
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Sbrin.  The  further  inference  that  clottiog  within  the  body  is  the 
same  thing  as  clotting  outside  the  body  and  similarly  due  to  the 
transformation  of  fibnnc^en  by  ferment  into  fibrin,  though  prob- 
able, 13  not  proved.  We  do  not  yet  know  the  exact  nature  and 
condition  of  the  blood  within  the  living  blood  vessels,  and  until 
we  know  that  wa  cannot  satisfactorily  explain  why  blood  in  the 
living  blood  vessels  is  usually  fluid  but  can  at  times  clot. 


SEC.  2.    Tire  CORPUSCLES  OF  THE  BUJOD. 


The  Red  Corpu-scUt. 


The  re<ines.i  of  blood  is  due  exclusively  to  the  rod 
The  plasma  as  seen  in  thin  layers  within  the  liviiif; 
I  reKwls  appears  colourless,  as  does  also  a  thin  layer  of  seniin  ; 
bnt  a  thick  layer  of  serum  (and  probably  of  plasma)  has  a  faint 
jfUowish  tinge  due  as  we  have  said  to  tb«  presence  of  a  small 
^untitv  of  a  special  pirnitent. 

A  single  red  c<)rpii«cl<;  si-cn  by  iUteU  under  the  microscope  is 
•  faiily  liomogeueoiis,  imperfwtly  traiisliificnt  biomicavw  disc  of  a 
^tfy  fiiint  colour,  looking  yellow  rather  than  red ;  but  wbeu  several 
n^icles  lie  one  upon  the  top  of  the  other  the  mass  appears 
wiactly  red;  and  thou;:h  a  single  corpuscle  is  somewhat  trans- 
Iwfttl.  a  comparatively  thin  layer  of  blood  is  opaque;  type  for 
nutaiKe  caunot  be  rend  through  even  a  tbiu  layer  uf  blood. 

When  a  quantity  of  whipped  bloud  (or  blood  otherwise  de- 

pived  of  fibrin)  is  frozeu  and  thawed  several  times  it  changes 

cettnr,  becoming  of  a  darker  hue,  and  is  then  found  to  lie  much 

Wie  trwisparent,  so  that  type  can  now  be  easily  n-ad  through  a 

ncderateiy  thin  layer.     It  is  then  spoken  of  as  laky  Uood.     The 

■tme  change  niav  lie  effected  by  shaking  the  hlood  with  ether,  or 

bf  adding  a  sinall  quantity  of  bile  salts. and  in  other  ways.     Upon 

enmination  of  laky  blood  it  is  found  that  the  red  corpuscles  are 

'broken  up*  or  at  least  nltvred,  and  that  the  redue^is  which  pre- 

rimisly  was  continod  to  th<-m  i«  now  diffused  throu};h  the  serum. 

Konnal  bIo<Kl  i^  opacjur  liccausc  each  corpuscle  whilfi  permitting 

■ome  r«y«  of  light  (chiefly  red)  to  pass  through,  reflects  many 

viXven,  and  the  brightDest  of  the  hue  of  normal  blood  is  due  to 

tlita  refluction  of  light  from  the  surfaces  of  the  several  corpuscles. 

Laky  blood  is  transparent   because  there  are  no  longer  intact 

ourpuBCleA  to  present  surfaces  for  the  reflection  of  light,  and  the 

daiker  hue  of   laky  blood  is  similarly   due  to  the  absence  of 

raflecdou  from  the  seveiml  corpuscles. 
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dUfcreatiated  pw*oplta«.  aad  apon  chemical  analysis  vields  a  piro- 
letdsabetsocebdowgiBg  to  tbefMa/mgroapwasd  eikwrnatterx 
aaong  Tfaicfa  is  the  pecaliar  eocdpkx  fat  oalkd  IcnZAu.  of  which 
w«  shall  b***  to  speak  in  ttcating  of  oenoos  timw. 

Tbe  red  eolooring  naUer  which  in  Mfmal  a»dittoo«  b  asso- 
ciated with  tbtsstnwia  B>ay  br  apfeopriate  »<aiu  bei»hied,aDd, 
in  the  ease  of  the  blood  of  many  aniiaab,  obtajaed  io  a  etTstalltne 
tons.  It  is  called  ffmrnoglMm,  and  Bar  by  proper  ■othod»  be 
split  op  into  a  proteid  behn^Bg  to  the  pobuis  gnwp,  and  into  a 
coloared  {I'tgDieDt.  cimtaisioe  iroa,caned  Smmatin.  HcmogikAriB 
is  theRfoTB  a  very  complex  body.  It  is  fownd  to  have renarkabte 
tebtkms  to  ox^-geo.  and  indeed  as  we  shaU  fee  tbe  red  eoryaacita 
by  virtue  of  their  hsmcglobin  hare  a  special  wnrk  in  lespaatiaa ; 
they  carry  oxygen  from  the  lung*  to  the  se<rera)  ttf«oes.  Wd 
sfaail  therefore  defer  the  fnither  stady  cf  haswgkihiB  until  w« 
have  to  deal  with  respiratioo. 

Though  tbe  hvinoslobin.  &s  H  s«en  in  laky  blood.  i&  readily 
solnble  in  aetum  (and  it  is  also  soluble  in  pls^a),  in  tbe  intACt 
normal  blood  it  remuns  confined  to  tbe  corpuscle;  obviously 
th^re  is  some  special  connection  tvtvreeii  the  stroaia  and  t)»e  h»- 
mofjlohin ;  it  is  not  until  the  stroma  h  nllrred.  we  may  peThaps 
say  killed  ''as  by  repeated  freexing  ami  tliawing).  thnt  it  loses  ita 
bold  on  the  hsmoglobin,  which  ihu."  ^ei  free  passes  into  solutioo 
in  the  aemrn.  The  disc  of  stroma  when  separated  from  iti^  lut-mo- 
glodan  has  as  we  have  just  said  an  obscorelr  3{}ongy  texture  ;  bat 
we  do  not  know  accurately  the  exact  coofhtion  of  tbe  Atmnia  in 
the  intact  corposcle  or  how  it  holds  the  hivmoKlolnn.  There  is 
certainly  no  definite  membrane  oren^'elope  to  th<^  corpuscle,  for 
by  exposing  Mood  to  a  high  ttrmpcrntutv,  60°  C,  tbe  corpuscle 
will  break  up  into  more  or  Io««  splH-rical  piMes,  each  slill  consisting 
of  fltrona  and  biemoglnbin. 

The  quantity  of  stroma  necessary  to  hold  a  quantity  of  faiemo- 
globin  ia  exceedingly  small  Of  the  toul  solid  matter  of  a 
corpuscle  more  than  90  p.  c  is  hemoglobin.  A  red  corpuscle  in 
fsct  is  a  quantity  of  hiemoglobio  held  together  in  the  form  of  n 
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by  a  mioimnl  amount  of  stroma.     Hence  whatever  eiTect  the 
Dma  p^r  m  may  haw  upon  thu  pWma,  thU,  in  the  case  of 
ammals  at  nil  uveuts,  imist  be  insignificaiit :  the  red  corpuscle 
ipncticallj  simply  a  cnrrier  of  hit-miiglobin. 

§  25.  Thu  average  number  of  n-d  wrpusclcs  in  human  blood 
ty  be  {•robitbly  put  down  at  about  5  uiilh'ons  iu  a  cubic  milli- 
itrr  (the  raogi!  in  different  mammals  is  said  to  be  TMm  3  to  18 
uillioiut),  but  the  relation  of  corpuscle  to  plasma  varies  a  good 
ietl  even  in  health,  and  very  much  in  di»e(uwL  Obviously  the 
tttacion  may  be  afToctcd  (I)  by  an  increase  or  decrease  of  the 
phsnu,  [2)  by  an  actual  dec-rcasg  or  increase  of  red  corpuscles. 
Xair  the  former  mu»t  fruquL-utly  take  place.  The  blood  as  we 
lave  already  urgvd  is  alw» ys  bciii<*  uctcd  upon  by  oliuiiges  in  the 
d«u<»  and  imh^d  is  an  index  of  those  changed ;  hence  the  plasma 
nuM  bi;  cnntinunlly  changing,  though  always  striving  to  return  to 
the  aoriiial  condition.  Thus  wh«u  a  large  quantity  of  water  is 
discharged  by  the  kidney,  the  skin  or  the  howel.s,  that  water  comes 
imUt  from  the  blood,  and  the  drain  of  water  must  ti^nd  to  dimin- 
ilkUie  bulk  of  the  plasma,  and  so  to  increase  the  relative  number 
of  red  corpuscles,  though  the  etiect  is  probably  soon  remedied  by 
tlu  pustge  of  water  from  the  tissues  into  the  blooiL  Ho  again 
whra  s  large  quantity  of  wat«r  is  drunk,  this  pasHiu  into  the 
Uoad  and  tends  temjtoninly  to  dilute  the  plasma  (and  so  to  dimin- 
itb  till- relative  numl)er  of  red  corpuscles),  though  this  condition 
b  IU  turn  s<M>n  remedied  by  the  passage  of  tlieauiiertluoiis  lluid  to 
Uw  tissues  and  excretory  organs.  The  greater  or  1es»  number 
of  red  corpuscles  then  in  a  given  bulk  of  blimd  may  be  simply 
due  to  less  or  more  plasma,  but  we  have  reason  to  think  that  the 
actui  oumber  of  the  corymacles  in  the  blood  does  vary  from  time 
to  Use.  This  is  especiallv  seen  in  tortain  forms  of  disease,  which 
uej  be  flpoken  of  under  the  geuemi  term  of  ana'min  (there  being 
jemal  kinds  of  nn<emia),  in  which  the  number  of  red  corpuscles 
is  dittinctly  diminished 

The  redneit^i  of  blood  may  however  be  influenciKl  not  only  by 

iht  number  of  red  corpuscles  in  each  cubic  millimeter  of  blood 

bat  also  by  tlie  amount  of  hemoglobin  in  each  corpuscle,  and  to 

*  lass  degree  by  the  size  of  the  corpuscles.     If  we  compare,  with 

lemamoii  stand  irj,  the  redness  of  two  specimens  of  blo<xl  un> 

MpiaDy  red,  and  then  determine  the  rolative  number  of  corpuscles 

in  eaeh,  we  may  fmd   that  the  less   red  specimen  has  as  many 

^jagiucim  aa  the  redder  one.  or  at  least  the  di;iiQiency  in  redness 

^^^pHter  than  can  !«  acoonnted  for  by  the  paucity  of  red  cor- 

^^PKea.     Obviously  in  such  a  case  the  red  corpuscles  have  too 

btUe  hemoglobin.     In  some  cases  of  autemia  the  deficiency  of 

iwaK^lifbin  iu  each  corpuscle  is  more  strikius  than  the  scantiness 

•I  red  Corpuscles. 

Tke  imintwr  of  eorpoticlM  in  a  specimen  of  Mood  is  determined  by 
■inajaMnnll  but  carefully  measured  quantity  of  ihe  blood  vrith  » 
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l&rge  quantity  nf  sciin;  imlifferuiit  fluid,  e.y.  a  S  |>.c.  solntion  of  xxliiiin 
8u1ii1iu(l-.  mill  thi'u  tu'.ltiully  counting  the  ci>r|>u»cl<:s  iu  u  kuuwu  mininiAl 
bulk  of  tIjL'  mixtiiri?. 

This  iiurhaps  iimj-  be  most  cnnveniuntly  done  by  the  ni^tbdil  goner- 
ally  known  a.H  that  of  Gowers  (Hu-niucyt<iHiHt.-tJ  improved  hy  Maltueeis. 
A   gliiss  tilidt.',  in  ii  nictat  frnmc,  is  ruled  into  minnti!  rcL'tuiiglcg,  e.g. 

iiiim.  by  j^inm.,  so  us  to  gii'e  n  coiivi.-riii!nt  urtaof  ^n''' "^  "  *<!"<"'<' mm. 
Iirve  muiiU  aiTfWB  in  tin'  fminy  pirrmit  u  onvrritliji  to  bi-  bronglit  to  a 
■fixvd  disliiiii.-i:,  e.;/.  Jiiini.,  froni  tbi;  MU'ritcit  of  ttu'  xtiJc.  Tho  blood 
having  b(ri>it  diluted,  aj.  to  ](K)  timi-H  iIh  vtdiimc,  a  Ntuiill  r)iiantity  of 
thu  diluted  (iind  itiormiglily  mixed)  btixx),  »nllicient  to  occupy  fully 
tlie  space  butwctii  the  coverslip  and  ibc  glius  Hiidi'  wbrii  tlie  former  is 
brought  to  its  j>r<.[icr  position,  is  pla(id  .tn  tlin  »,li<lr.  and  tliccovtrnlip 
brought  down.  Thp  volunn'  of  dilnii'l  blorMl  now  lying  over  each  of 
the  rectangh-s  will  be  Tjnth  (^"i)  'A  a  cubic  mm.;  and  if,  wIicd  tiie 
corpuncU'*  have  subsided,  ihi-  number  of  cor|iU8clc8  lying  within  » 
ri-clanglc  In- counted,  the  result  will  give  the  miniberof  corpiificles 

t>ruviuii»lr  distributed  through  iJo'''  **^  *  cubic  mm.  of  the  dilnlcd 
ilooiL  Thie  multiplied  by  100  will  give  the  nunihtr  of  corpunclca  in 
1  cubic  mm.  of  the  diluted  blood,  and  again  multiplied  by  IW  the 
uumbcr  in  ]  cubic  mm.  of  the  entire  blood.  It  is  adviiiablc  to  count 
the  number  of  corpusclea  in  several  of  the  rectaneh'ti,  and  tn  take  the 
Average.  For  ihe  convenience  of  counting,  vacn  rectangle  is  suhdi- 
Tided  into  a  number  of  very  mnall  siiuares,  cy,  inio  '20,  each  with  a 
sidv  of  ^th  mm.,  and  so  an  nroa  of  ^iylh  of  a  square  mm. 


Since  the  actual  number  of  red  corpuHrleK  iu  a  specimen  of 
blood  (which  may  he  taken  as  a  sample  of  the  whole  blood)  it* 
aometimes  more,  cometime»i  letiN,  it  is  obvious  thnl  cither  red 
corposclen  may  he  temporarily  withdrawn  frt>ni  and  returned  to 
the  general  blood  current,  br  that  cerUiin  rud  curjiisclcs  arc  eft«r 
B  while  made  away  with,  and  ttmt  new  ones  lake  their  placft. 
We  have  no  satisfactury  evidence  of  the  forinor  being  the  case  m 
normal  conditions,  whei'oas  we  have  evidence  that  old  corpuscles 
do  die  and  that  new  ones  arc  liorii. 

§  26.  The  red  corpuscles,  we  have  already  said,  are  continually 
en);aged  iu  carrying  oxygen,  by  means  of  their  hitmoglobin.  from 
the  lungs  to  the  tissues ;  they  load  themselvea  with  osyRen  at  the 
Innga  and  unload  at  the  tissues.  It  is  cxtrc'inely  unlikely  that 
this  act  should  be  repented  indefinittdy  without  lidding  to  changes 
which  may  bu  familiarly  dc-^icribcd  as  wear  and  tear,  and  which 
would  ultimately  lend  to  thw  ileatli  of  the  corpuscles. 

We  shall  have  to  state  later  on  that  the  liver  diHcharges  into 
the  alimentary  canal,  ai«  a  constituent  of  bile,  a  considerabla 
<)uantity  of  a  ])i2ment  known  as  HU-ruhin,  and  that  this  substance 
has  remarkable  relations  with,  and  indeed  may  Ijc  regarded  as  a 
derivative  of  hermatin,  which  as  we  have  seen  (§  24)  is  a  product 
cl  the  decompo^iition  of  hivniogloliin.  It  ajipears  probable  iu  fact 
that  the  bihnibin  of  bile  (and  this  as  we  ahull  see  is  the  chief 
biliary  pigment  and  the  source  of  the  other  biliary  pigments)  is 
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not  furmetl  wliolly  anew  in  the  body  but  is  inanufiictured  in  Home 
wyor  othtT  out  of  fueiiintin  iWivod  from  )ia.-iiiogIobiii.  Thia 
inut  entail  *  (Ini)y  ooiisuinption  of  a  (.tnisidurHlilu  quantity  of 
Iwinoglobiu.  and,  since  we  know  no  utiier  souru;  of  Iiaiiio^'litbin 
btadm  the  kA  corpii-icles,  and  have  no  eviden<:e  of  nd  cor^iUEclea 
Matitiiiing  to  exiAt  after  having  lost  their  hieiuo^lubiu.  must 
tfaerefore  e'ltatl  a  daily  de^truciion  of  many  red  corpu8cl<^ 

Even  in  health  then  a  Dumber  of  red  corpuscles  must  i>e 
eoQtintially  dinappearinis ;  and  id  disease  the  rapid  and  great 
diminution  which  niiiy  Uika  pkco  iu  tlit;  number  of  red  corpuscles 
thews  that  larg<!  destruction  may  occur. 

We  cannul  at   j'n---M?nl  aicuratvly   truce  out  th«  steps  of  this 

ppearancuof  ivii  corpuscles.     In  tiieKpltK^ti  pulp,  ri-dcorpusclca 

TO  been  wien  in  various  staces  of  disorganisation,  .some  of  lliem 

ing  within  the  substance  of  large  colourless  r^orpusclen,  and  a.«  it 

■ere  being  eat«n  by  tbeni      There  is  also  evidence  that  destruction 

W^  place  in  the  liver  itself,  and  indeed  elsewhere 

§  27.     Thi.s  destruction  of  red  corpuscles  necessitates  the  birth 

of  new  corpuscles,  to  keep  up  the  normal  supply  of  hivmo^lobin  ; 

and  indeed  the  cases  in  which  after  weu  gruiit  loss  of  bluud  by 

tucmorrhiiae  a  beatlliy  ruddiuc^s  reuirnv,  and  that  ofluu  rapidly, 

shewing  that  tho  Iml  corpusdos  have  b(;en   replaced,  as  well   as 

the  cases  of  recovery  fn>m   the  disease  anj»mia,  prove  that  red 

corpuscles  are,  eviin  in  adult  life,  born  sutuewhere  in  t)ie  body. 

^^      In  the  developing  embryo  of  the  mammal  the  red  c  irpuscles 

^KM  the  blood  are  not   h;emogtobin-holdins  non-nucleated  dUcs  of 

^^■ntina,  but  coloured  nudc'ited  cells  which    have  arisen  by  tlie 

^Hevelopoiant  of  hemoglobin  and  stroma  in  the  'undilTerentiatcd 

^^^otoplaamic "  cell  substance  of  certain  cells, 

Still  later  on  io  the  life  of  the  embryo  the  uucleatitd  rod  cor- 
pusclea  an  replaced  by  ordinary  red  corpuscle--^,  by  nun-nurkvit'-'d 
^^isc«  composed  almost  exclusivi^ly  of  hti-mo^^Iobin-h' tiding'  Ktnjiua. 
|Ki>w  the  tMnsformattOTi  takes  place,  and  e(<pc('ially  how  the 
^^ncleus  ctiues  to  be  ab^nt  is  at  present  a  matter  of  considerable 
^■siwte. 

1^^     In  the  adult  ai  in  the  embryo  the  red  corpuacles  appear  to  be 

formed  imt  of  pr^ci^ding  coloured  nucleated  cella.     In  the  interior 

I     of  bottea  iji  a  peculiar  tissue  called  morrow,  which  in  most  [uirlA, 

!      being  v«tt  full  of  blood  vessels,  is  called  ri-^f  meirrow      In  this 

re  1  marrow  tlw  capillaries  and   minute  veins  form  an  intricate 

labyrintli  of  relatively  wide  pa»sa(ie«  with  very  ibin  walU,  and 

throoglt  this  labyrinth  the  flow  of  blood  is  comparatively  stow. 

Uu  passages  of  thi.<(  labyrinth  are  found  coloured  nucleated 

that  ia  to  say,  cells  the  ccil-substanc«  of  which  Iws  under- 

mnre  or  Ics  differentiation  into   hicmoslobin  and   t^troma. 

d  there  seemt  to  b.^  going  on  in  red  mnrrnw  a  multiplicatinn  dt 

colouretl  nucleated  cells,  some  of  which  tmn«forme>l.  in  itonie 

ij  ur  other,  into  red  non-aucle:ilcd  discs,  that  is  into  ordinary 
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red  corpuscles,  jiass  iiway  intu  tli«  gt-iieral  bluud  current.  In  other 
wonls,  a  fonnstiuu  of  rwi  ci>r])U8C'k-s.  imt  wholly  uiiliku  that  which 
takot)  placi!  in  the  «iiil)ry<i,  i»  in  the  atlult  ouiiimually  going  on  in 
tilt;  red  niairovv  nf  the  Imiies. 

A  similar  formation  of  red  corpuscles  lias  also  been  (iescrilwd, 
though  with  leas  evidenct;,  as  taking  place  in  the  s]ikwn,  especially 
under  particular  circumstances,  such  as  after  great  loss  of  blood. 

The  formation  ot  red  corpuscles  ia  therefore  a  sjtecial  process 
tBkiuc  place  ia  special  regious;  wo  have  no  satisfactory  evidence 
that  the  ordinary  wliit«  corpUBclcs  of  the  blood  are.  as  they  travel 
tu  Uiu  current  of  thv  circulation,  trausfurtaed  into  red  corptiscles. 

The  red  Corpuscles  then,  to  sum  up,  are  useful  to  the  body  on 
account  of  ihv  htcmogloliin  which  constitutes  &o  ncnrly  the  whole 
of  their  solid  matter.  What  riiuctionsthe  islroma  may  ImveK-sides 
the  mere  so  to  speak  mechanical  oiu*of  holding  the  ha'moglobin  ia 
the  form  of  a  corpuscle,  we  do  not  know.  The  primary  use  of  the 
hwmofilobin  is  to  carry  oxygen  from  the  lungs  to  the  tissues,  and 
it  would  appear  that  it  ia  advantageous  to  the  economy  that  the 
hii-moglobin  should  be  as  it  were  bottled  up  in  corpuscles  rather 
than  simply  diffused  through  the  plasmn.  How  lung  a  corpuscle 
may  live,  fetching  and  carrying  oxygen,  wt-  do  uol  exactly  know; 
the  red  corpusck-s  of  one  animal,  f.g.  a  bird,  injected  into  tlie 
vessels  of  another,  t.g.  a  -niammal,  disappear  within  a  few  days; 
hut  this  allortUt  no  measure  of  the  liie  of  a  corpuscle  in  ittt  own 
home  Kventually  however  the  red  corjmacle  dies,  its  place  being 
supplied  by  a  new  one.  The  hajinoglobin  set  free  from  the  dead 
fioi-puBcIes  appears  to  have  a  secondary  use  in  foriuing  the  pigment 
of  ttie  bile  and  possibly  other  pigments, 
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§  28.  The  while  corpuscles  arc  far  less  numerous  than  the  red; 
a  spi-cimen  of  ordinary  healthy  IiIlrkI  will  contain  several  hundred 
red  corpuscles  to  each  wliile  curpuscle.  though  the  proportion,  even 
in  health,  varies  considerably  under  difVerent  circumstances,  rang- 
ing from  I  in  300  to  1  in  700.  Hut  though  less  numerous,  the 
whiU'  corpuscles  are  jirobably  of  greater  imjiortanci-  to  the  blood 
itself  than  are  the  red  oorpu-scles ;  the  latter  are  chiefly  limited  to 
the  special  work  of  carrying  oxygen  from  the  lungs  to  the  tissues, 
while  the  former  probably  exert  a  considerable  intluence  on  the 
blood  plasma  itwif.  and  help  to  maintain  it  in  a  proper  condition. 

The  white  corpusole,  which  Is  often  taken  as  the  type  of  ■  a 
cell.'  consists  of  a  cell-body  or  cell-substance  and  a  nucleus. 
Several  varioiies  or  kinds  of  white  ci>rpuBele  are  found  in  the 
blood,  dilTcring  from  each  other  a^  to  si/e,  as  to  the  characters  of 
the  nucleus,  as  to  the  characters  of  llie  cell-substance,  as  to  the 
.extent  to  which  they  exhibit  'auiceboid'  uovcmcats,  whereby 
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what  may  Im  called  the  uoriual  or  resting  spherical  shapo  is 
Tsriously  cbaii^d  (we  shall  sttuly  these  atau-boiil  inovviiieuM 
hUer  ou),  aiid  iii  other  nMiJeclA ;  biic  nl  present  we  will  ileal  with 
thoM  fentun^  only  which  they  have  in  cotuinon,  aiul  speak  of 
tbe  white  corpuscle  as  if  all  were  alike. 

The  cell  iKxly  of  the  white  corpuscle  may  he  taken  as  a  good 
example  of  what  we  hare  culleil  unditTereiiiiatGd  protoplasm. 
It  may  perhaps  be  Iwst  coDsidfirad  as  consisting  of  a  uoiionuly 
BDt  but  somuwhut  refractive  material  forming  the  grouud 
labatancc  or  buau.  iu  whidi  oecur  vacuoluii  of  varying  size  but 
11  for  the  most  p«rt  minute,  and  iu  which  are  imbedded  particles 
of  varying  siie  but  also  for  the  moHt  part  minute.  Home 
itain  that  the  ground  nubslaiice  exists  in  the  form  of  a  net- 
work,  the  iuten^tice.t  of  which  are  tilled  up  either  with  ttuid  or 
with  some  material  dill'ereut  in  nature  from  thai  of  which  the 
of  the  network  are  composed ;  but  without  entering  into  the 
discussion  of  a  debated  question,  we  may  say  that  tlio  evidence 
for  the  unturnl  existence  of  such  a  network  is  not  oonvineing. 
The  imbiskled  (xirlicles  lire  in  some  coses  extremely  ituiall.  mid 
fur  the  uiiwt  pan  di^trihuted  uniformly  over  the  cell  body.  }jiviii^ 
it  the  liiiely  gtanular  or  even  bvaline  as^ieet  spoken  of  aliove ;  tti 
other  cases  however  tiie  particK's  are  relatively  large  and  obvi- 
fjptuly  diAcreto,  making  the  corpu^icle  coarwly  granular,  the  coarse 
granule^  being  sometimes  confined  to  one  or  another  part  of  the 
cell  body.  These  patticles  or  granules,  whether  coorse  or  Bne,  vary 
in  Dftiun-:  tlioy  behave  differently  towards  various  staining  and 
uthur  rea;;unts.  Some  of  them,  as  shewn  by  their  greater  refrac- 
tive jiower,  their  staining  with  osmiu  acid,  and  their  solution  by 
■olvi;iiis  of  fat,  are  fattv  in  nature ;  others  may  similarly  be  sliewu 
by  their  reactions  to  \)e  proleid  in  nature ;  and  iu  certain  cases 
■otne  of  the  gmnulea  are  carbohydmie  in  nature. 

Tlie  material  in  which  the.ie  granules  are  imbedded,  and  which 

forma  the  greater  juart  of  the  cell  body,  has  no  special  optical 

tons ;  80  br  M  can  be  ascertained  it  appears  under  the  micro- 

to  be  homegeaeoiis,  no  dcHnite  structiire  can  be  detected  in 

^$t.     It  most  be  borne  in  mind  that  the  whole  oorpusclc  consists 

k^gely  of  water,  the  total  solid  matter  amounting  to  not  niiich 

iDure  than  10  per  cenU     The  transparent  mnti^riftl  of  the  cell  body 

tlutuit  therefore  be  in  a  condition  wliich  we  may  call  semifluid,  or 

emiaoltd,  without  being  calle^l  upon  to  detine  what  we  exactly 

by  these  terma.     This  approach  to  tluidity  iippears  to  bu 

with  the  great  mobility  of  the  cell  body  as  shewn  iu  its 

r*iiM»botd  movements. 

§29.     ^^'hen  we  submit  to  chemical  examioation  a  sufficient 

M»  of  white  corpui«cle«  separated  out  from  the  blood  hy  special 

fiBeans  and  obtained  tolerably  free  from  reil  corpuscles  and  plasma 
[(or  apply  to  the   white  bloixl   coq>iiscles  the   chemical  results 
~  from  the  mora  easily  procured  lymph  coipuscles,  which 
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as  we  shall  see  are  very  similar  to  and  indet-d  iu  aamj  ways 
cloeely  related  to  tli«  whiw  c<itpii*cle9  of  Uie  lilwod),  we  find  that 
tliia  small  solid  lunlter  of  the  corpuscle  coTi!ti:>t8  largely  of  certain 
protcid*.  or  of  8ubslaiic«s  more  or  lesw  allied  to  [>rutcid8.  Our 
knowledge  of  the^e  proteidit  and  other  subatanoes  h  m  yet  im- 
perfect, hut  we  are  pnibably  justified  iu  making  the  following 
8t«tement. 

There  is  present,  in  somewhat  mnsidemble  quantity,  a  snh- 
»tance  of  ii  jjeculiar  nature,  which  siiiuo  it  is  confined  to  the 
nuclei  of  the  corpuscles  and  further  seems  tu  he  [ireeent  in  all 
nuclei,  has  Icen  eallcd  nncUin.  Tills  uuclein,  which  though  a 
complex  nitrogenous  body  is  dilTerent  in  cumpositiou  and  nature 
from  proteids,  U  remarkable  on  tlie  one  hand  for  tteiug  n  very 
stable  inert  body,  and  on  the  other  for  containing  a  larj^  quantity 
(acording  to  florae  obscrverH  nearly  10  p.c)  of  phosphoriLi,  which 
appeftis  to  enter  in  a  certain  way  into  the  structure  of  the  mole- 
eule.  wtiereas  in  the  case  of  [iroll'ids  the  phosphorus,  which  is  not 
always  present,  is,  as  ii  were,  attached  to  the  molecule. 

The  .siibMRnce  however  which  i-s  present  iti  the  greatest  quan- 
tity is  one  also  at  present  not  tlioiouf^hly  un<lerstoi>d,  which 
though  it  appears  to  exist  in  the  cell  body  apart  from  the  uucleus, 
and  mdeed  to  form  a  lnr<;e  part  of  the  sohd  matter  of  the  cell 
body,  has  since  it  seems  to  }je  a  compound  uf  uuclein  and  albumin 
(or  some  other  prol«id)  iK-en  called  muiro-albumin.  It.  like 
nudein,  contains  a  considerable  quantity  of  phusphonis,  by  which 
as  well  as  by  other  features  it  is  diMinguishi-d  fiom  llie  globulins, 
though  in  some  respects  it  seems  allied  to  ihat  claw*  of  pnitetds, 
and  to  a  somewhat  similar  proteid.  myosin,  of  which  we  shall  have 
to  speak  later  on  as  a  roiistitu''iit  of  muscle. 

Itesidea  these  two  hodies,  the  white  cirpusclos  also  contain  a 
globuhn  wliich,  under  the  name  of  cell  gbibulin,  hiis  been  distin- 
guished from  the  globulin  or  paraglolnilin  of  bhaxl,  as  well  as  a 
Imdy  or  bodies  like  to  or  identical  with  scrum  albumin. 

Next  in  importance  Ut  the  itrol«id»,  as  constant  constituent*  of 
the  white  corpuscles,  come  certain  fats.  Among  these  the  most 
conspicuous  is  the  complex  fatty  liody  In-ithin. 

In  the  case  of  many  corpuscles  at  ail  events  we  h;tvo  evidence 
of  the  presence  of  a  member  of  the  large  group  of  carbohydrates, 
comprising  starches  and  sugar,  vIk.  the  sturch-like  body  ijtycogen, 
which  we  shall  have  to  study  more  fully  hereafter.  Thfe  glyc(jgen 
may  exist  in  the  living  corpuscle  as  glycogen,  hat  it  is  very  apt 
after  the  deatli  of  the  corpuscle  to  liccome  changed  hy  hydration 
into  some  form  of  sugar,  such  as  maltose  or  dextrose. 

Lastly,  the  ash  of  the  white  corpuscles  is  characterised  by 
containing  a  relatively  large  quantity  of  potassium  and  of  phos- 
phates and  by  being  relatively  poor  in  chlorides  and  in  sodium. 
But  in  this  Inspect  the  corpuscle  is  merely  an  example  of  what 
BOums  to  be  a  general  rule  (to  which  however  thei-e  may  be 
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eneptious),  that  wliile  the  elenients  of  the  tisanes  themselves  are 
lidi  ill  {u)IaA»iiiiii  and  phosphates,  the  l)Ioo(l  plasma  or  lympb  uii 
vliich  liiey  live  abutmils  iu  chlorides  and  sodium  salts. 

^90,  In  the  broad  features  above  mentioned,  the  white  blood 
may  be  taken  as  a  picttiru  and  example  of  all  living 
If  Mil.-  cxiimiiu-  tlitt  lii«t"lu<;ical  elciiienLs  of  any  tissue, 
betTivT  wu  take  iin  epilliuliuiu  cell,  or  a  nurve  cell,  <ir  a  carti1u<ie 
II,  or  a  muscular  tihre,  we  meet  with  v«rv  tiiniilai-  features. 
.SLiidyin;;  the  element  morphologically,  we  find  a  nucleus'  and  a 
.1  txHly,  ttie  nucleus  having  thu  general  charactern  described 
ibove  vith  frequently  other  ctiamctvrg  introduci'd,  and  the  cell 
ly  consisting  of  at  least  mure  tliiin  oue  kind  of  material,  the 
itertala  being  sometimes  ho  diitpusvd  as  tu  producv  the  optical 
effi.'ct  fiinip1yoiairau»|jarunl  nia.t»  in  which  gmiiulusnri-  inil lidded, 
in  vrhi'lt  com;  wu  .sjieak  of  the  cell  l>ody  at  )irotiipkfiniic,  liut  at 
'IIkt  liwtm  no  arranged  that  the  cell  bcxly  possesses  dilferentiateil 
taur«.  Studying  the  elenieni  from  a  chemical  ])oint  of  view 
e  lind  proteids  always  present,  and  Bmou;{  these  bodies  identical 
with  or  more  or  leas  closely  allied  to  such  proteids  as  globulin  and 
nyosin,  we  generally  have  ovidence  of  the  {irosenco  aUo  of  fat  of 
some  kind  ami  of  somi;  member  or  membuTs  of  the  carbohydrato 
ftroup,  and  tlii;  ash  always  cnutnins  potassium  and  phosphates, 
with  sulphnt<-s,  cliloridi^s,  itodiuin  and  calciuiu,  to  which  may  be 
•d<i«d  magnesium  and  iron. 

Wo  sUted  in  tlie  Introduction  that  living  matter  is  alwa}** 
nndersoing  chemical  change;  this  continued  chemical  change  we 
may  denot«  by  the  term  met'iMhm.  We  further  urged  that  so 
long  as  living  mattiT  is  alive,  thu  chemical  change  or  metabolism 
ia  of  a  double  kind.  On  the  one  bund,  the  living  substance  is 
continually  breaking  down  into  simpler  bodies,  with  a  setting  free 
of  vnerej' ;  tlii.-(  |iart  of  the  metabiilisin  wt;  may  spuik  ot  as  made 
op  of  ktttahoiie  changes.  On  the  other  hand,  tlic  living  substance 
i«  ooutinitatly  building  it^lf  up,  emlHtdyiug  en^rg)'  into  itself  and 
■o  replenishing  its  store  of  energy;  this  iiart  of  the  metabolisni 
we  may  speak  of  as  made  up  of  itnabMie  changes.  We  at.so  urged 
that  in  every  piece  of  liviug  tissue  there  might  be  (I)  the  actual 
living  subslanoo  itself,  (2)  material  which  i^  present  for  the  pur- 
po00  of  Iwooiuiug,  and  is  ou  the  way  to  bL'comc,  living  substance, 
that  ia  to  say,  fouti  undergoing  or  about  to  undergo  anabolic 
luinges,  and  (3)  material  which  has  resulted  from,  or  is  resulting 
otn,  tlce  lireaking  ilown  of  the  living  sulixlaitce.  that  Lt  to  sar, 
aterial  which  has  undergone  or  is  undi-rgi>ing  katabolic  changes, 
d  which  we  s|)eak  of  under  tlie  general  term  '  waste.*  In  using 
tJie  won! "  living  substance."  however,  though  we  may  for  con- 
venieneQ  sakv  fijieuk  of  the  really  living  part  as  a  substance,  we 
may  repeat  that  in  rvality  it  is  not  a  substaucv  in  the  chemical 
aooas  erf  the  wonl,  but  material  undergoing  a  n-ries  of  change*. 


*-ni  •siMaDcB  c4  iDDltinatlMr  Mncnra  doc*  dot  afl«ct  the  pnMut  ugonwpt. 
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If,  now,  we  H3k  the  question,  wliich  pnrt  of  llie  body  of  the 
while  cnrpusicle  (or  of  a  siniilnr  eleiiieiit  of  another  tiH^ue)  is  the 
real  liviii)^  substance,  and  which  part  is  fuoil  or  waste,  we  ask  n 
question  which  we  cannot  as  yet  definitely  answer.  We  have  at 
present  no  adequate  marijhologica!  criteria  to  enable  us  to  judge, 
by  optical  charaeturs.  wliut  is  ri/ally  living  and  what  is  not. 

Uue  tbin^  vk  may  ]M;rtiap8  eay  ;  the;  matcriiil  which  apjwara 
in  thu  cell  body  in  ihu  furiii  lA  distinct  grannlfs.  merely  lodged 
in  tliB  more  transparyiit  niftt^'riMl,  cannot  bu  part  of  the  ri^al  living 
substance ;  it  must  be  either  fofxl  or  wiistc  Some  of  these  Kraiiul«s 
are  fat,  and  we  have  at  timet^  an  n)ipijrtuiitty  of  observing  that 
they  have  been  introduced  into  the  corpuscle  from  the  snrrouudiu}; 
plasma.  The  white  corpuscle  as  we  have  aaid  has  the  power  of 
executing  amipboid  movements ;  it  can  creep  round  objects, 
envelope  them  with  its  on-n  Bubstance,  and  so  put  them  inside 
itself.  The  granules  of  fat  thus  introduced  may  be  subsequently 
extruded  or  may  disappear  within  the  yorjmscli! ;  in  the  hitter 
case  llioy  are  obviously  changed,  and  api^areully  made  u.-sc  of 
by  the  corpu.fcle.  In  other  words,  these  fatty  granules  are  np- 
jiareutly  food  material,  on  their  way  to  be  worked  up  inlii  the 
living  substance  of  the  coniuscle. 

Hut  we  have  also  evidence  that  similar  granules  of  fat  may 
make  their  ap^x?arance  wholly  within  the  corpuscle ;  they  are  pro- 
ducts of  the  activity  of  the  corpujclc.  We  have  further  reason 
to  think  that  in  some  cases,  «l  nil  evt-iits,  they  arise  from  the 
breaking  down  of  Ihc  living  i^uhtttance  of  the  corpuscle,  that  tltoy 
are  what  w«  have  called  waste  prmliicts. 

But  all  the  granules  visible  in  a  corpuscle  are  not  aecesi^rily 
fatty  in  nature;  some  of  them  may  undoubtedly  be  granules  of 
protcM  or  allied  matter,  and  it  is  possible  that  some  of  them  may 
at  times  be  of  carbohydrate  or  other  nature.  In  all  ca.'ies  however 
they  are  either  food  material  or  waste  products.  And  what  is 
true  of  the  easily  distinguished  griiuules  is  also  true  of  other 
substances,  id  solution  or  in  a  solid  form,  but  so  disjHised  as  not  to 
be  optically  recognised. 

Hence  »  part,  nnd  it  may  lie  no  inconsidemhlc  part,  of  the 
body  of  fi  white  corpu-^cle  may  be  not  living  substance  at  all,  hut 
eitiier  food  or  waste.  Further,  it  does  not  necessarily  follow  that 
the  whole  of  any  quantity  of  material,  fatty  or  otherwise,  intro- 
duced into  the  corpuscle  from  without,  should  actually  be  built  up 
into  and  so  become  part  of  the  living  substance ;  the  changes  fnvu 
raw  food  to  living  substance  are  as  we  have  niready  said  proluibly 
many,  and  it  may  be  that  after  a  cerlain  number  of  changes,  few 
or  many,  part  only  of  tJie  material  is  accepted  as  worthy  of  being 
made  alive,  and  the  rest,  being  rejected,  liecomes  at  once  waste 
matter ;  or  the  material  may,  even  after  it  has  undergone  thia  or 
tliat  change,  never  actually  enter  into  the  living  substance  but  all 
become  waste  matter.     VVe  aay  waste  matter,  but  this  does  not 
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oseless  matter.    The  matter  ho  formed  may  without  entering 

\iato  the  liviny  aubBtance  be  of  eome  subsidiary  use  to  the  corpusct^ 

I  or  as  probably  murv  often  huppt-ns,  bvio^  disrlinr^d  from  the  car- 

[puacle.  may  be  of  usu  to  some  otlivr  part  of  the  Ixidy.     We  do  not 

f  Know  bow  the  living  sobstanco  builds  itself  up,  but  vfn  ttmrn  com- 

Ijelled  to  admit  that,  in  certain  caxts  at  all  evonls,  it  in  nblv  in 

Laonie  way  or  iither  to  produce  cliangen  on  nialena]  while  that 

nausrial  it  »ull  onti^ide  the  living  substance  ait  it  uen^,  before  it 

entt^ra  into  and  indeed  ^vithout  ila  ever  actually  entering  into  the 

cnropotiition  of  the  liviug  substance.     On  the  other  hand,  we  must 

equally  admit  that  some  of  the  waste  substances  ore  the  direct 

iucts  of  the  katabolic  change.^  of  the  living  substance  it«L-lf.  and 

rv«re  BCtoaUy  once  pari  of  tliu  living  sulistancc.     Hvru'U  wu  oii>;ht 

rhape  to  duUnguish  the  pnMlucts  of  the  activity  of  liviu;;  matter 

Bto  waste  products  proper,  the  dir«ct  results  of  katabolit!  ihangvs, 

rand  into  by-pnHlucts  which  are  the  results  of  change:*  elfected  by 

I  living  matter  outside  itself  and  which  cannot  therefore  ba  con- 

~  as  oeoasBarily  either  anabolic  or  katabolic. 

Concerning  the  chemical  characters  of  the  living  matter  itself 

we  cannot  at  present  make  any  very  de6uite  statement.     We  may 

that  pToteid  substance  untvrs  in  some  way  into  its  stniclurc 

indL-vd  forms  n  larg<!  juirt  uf  it,  but  we  uiu  not  jtistitied  in 

lying  that  the  living  8iib«l«nce  coiiiaistii  oidy  of  prut^-id  matu-r  in 

peculiar  condition.     And  indeed  t)ie  persistency  with  which 

le  repreK«ntAtive  of  fatty  bodies  and  .lome  repr&->enlative  of 

[caritohydratea  always  appear  in  living  tissue,  woull  i>i>rhap^  rather 

jlead  iw  to  supp<«e  that  these  equally  with  proteid  material  were 

jcMential  to  it«  struLturo.     A<^in.  though  the  behaviour  of  the 

rnncleua  as  contrastL^d  with  lluit  of  tho  c«;ll  bo<ly   lends  us  to 

suppose  that  the  living  substance  of  thu  formi^r  is  a  diffcnint  kind 

of  living  substance  from  that  of  the  latter,  wc  do  not  know  exactly 

in  what  the  difference  conmts.    The  nucleus  as  we  have  seen 

.ouDtaios  nncitin,  which  perhaps  we  may  regard  an  a  largely  modi- 

Ifiad  proteid ;  but  a  body  which  i^  remarkable  for  its  stability,  for 

Ttbe  difficulty  with   which  it  is  changed  by  chemical   reagents, 

^cannot  be  regarded  as  an  integral  part  of  the  essentially  mobile 

living  subetance  of  the  uuck^ns. 

In  this  connection  it  may  be  worth  while  again  to  call  attention 
to  the  fact  that  the  corpuscle  contain.^  a  very  large  iitiautity  iudeeJ 
of  water,  vi2.  about  90  |xc.  Partof  thi»,  wedo  not  know  how  much, 
pfubal>iy  exi«t«  in  a  more  or  l<»3  detiniie  cmiliination  with  the 

Srotoplaam,  Aomewhat  after  the  manner  of,  to  use  what  is  a  mere 
lustration,  the  water  of  crystal  ligation  of  .sattji.     If  we  imagine  a 
whole  group  of  different  complex  salts  continually  occopied  in  turn 
in  being  cn-stallized,  and  being  decrystallized,  the  water  thus  en- 
hy  the  salts  will  give  us  a  rough  image  of  the  wat«r  which 
^liaaaea  to  and  out  of  the  substance  of  (he  corpuscle  as  the  result  of 
[m  metabolic  activity.    Wc  might  call  iJiia  "  water  of  loetabolistu.'* 
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Another  part  of  tlie  water,  carrjiog  in  this  caae  siibf^tances  in 
solutioii,  (ii\>biibly  exists  in  spaces  ur  inteistices  too  siunll  to  be  seen 
with  «veii  tbrt  bi^liest  puwurs  of  tht-  microflcope.  Still  another 
port  of  tlie  wati^r  Mnijlarly  bulitiiig  stibittHDces  iu  solution  exists  at 
Uin«8  in  definite  apaces  visiMe  iindur  the  inicroscopu.  more  or  less 
regnlarlv  apherical,  and  ralKnil  vacuoles. 

We  have  dwelt  thus  at  length  on  the  whitfi  corjmscle  in  the 
firat  place  because  as  we  have  already  said  what  takfs  place  in  it 
IB  in  a  sense  a  picture  of  what  lakes  place  in  all  li\'infj  structures, 
and  in  the  second  placu  because  the  facts  which  we  have  mentioned 
help  us  to  iinderHtand  huw  the  white  corpuscle  may  curry  on  in 
the  blood  a  work  of  no  uniniportaut  kind;  for  fioui  what  h»s  been 
Mid  it  ii<  obvimus  that  the  white  corpuscle  is  cnntiiiually  aclin;; 
upon  and  being  acted  upon  by  the  plasma. 

§  31.  To  understand  however  the  work  of  these  white  cor- 
puscles we  must  Icam  what  is  known  uf  their  hiatoiy. 

In  successive  drops  of  blood  taken  at  dift'erent  times  from  the 
same  individual,  the  nuuher  of  colourless  corjiuscles  will  be  found 
to  vary  very  much,  not  only  ivlwlivcly  to  the  red  corpuscles,  but 
also  ahsohiti'ly.     Th«y  must  tbvnjfore  'come  and  yo,' 

In  treating  of  the  lymphatic  jtyitUtm  we  shall  liave  to  point  out 
that  a  very  large  quantity  of  fluid  called  lymph,  containing  a  very 
considerable  number  of  bodies  very  similar  in  their  general  cha- 
racters to  the  white  cotpusclea  of  the  blood,  is  being  continually 
poured  into  the  vascular  system  at  the  point  where  tha  thoracic 
auct  joins  the  great  veins  ou  the  left  side  of  the  neck,  and  to 
a  less  extent  where  the  Oilier  largu  lymphatics  join  the  venous 
system  on  the  right  side  of  the  neck.  These  corpuisclepof  lytnph. 
which,  as  we  have  juKt  said,  closely  resemble,  and  indeed  are  with 
difTicnlly  distinguished  from  the  white  corpuscles  of  the  blood, 
but  of  which,  wlien  they  exist  outside  the  vascular  sretem,  it 
will  be  convenient  to  speak  of  as  IcucocyUa.  are  found  along  the 
whole  length  of  the  lymphatic  system,  but  are  more  numerous 
in  the  lympbutic  vessels  after  these  have  (wifsed  through  the 
lyupbalic  gland*.  These  lymphalir^  glands  are  partly  conipused  ol 
what  is  known  a-^  adeiwiii  twniif.,  a  special  kind  of  connective 
tissue  arranged  as  a  delicate  network.  The  meiihes  of  this  are 
crowded  with  colourless  nucleated  cells,  which  though  varying  in 
size  are  for  the  most  part  small,  the  nucleus  being  surrounded 
by  a  relatively  small  quantity  of  cell-subslance.  Many  of  these 
cells  show  signs  that  they  are  undergoing  cell  division,  and  we  have 
reason  to  think  that  cells  su  formed,  acquiring  a  larger  amount  of 
oell-flubslance,  beci>nie  ordinary  leiicot^ytes.  In  utliur  words,  leuco- 
cytes multiply  iu  the  lymphatic  glands,  and  leaving  the  glands  by 
the  lympathic  vessels,  make  their  way  to  the  blofjd.  Patches  and 
tracts  of  similar  adenoid  tissue,  not  arranged  however  as  distinct 
elands  but  similarly  i>cciipi>ed  by  developing  leucocytes  and  simi- 
»rly  connected  with  lymphatic  vessels,  are  found  in  various  parts 


Cbap.  ■.] 


BLOOD. 


43 


of  Uie  boJj,  especially  ia  the  mucous  mcmbianes.  MoteovBr,  tbe 
leucocytes  afi[«:ir  to  multiply  by  division  during  tlieir  abod«  in 
Ibe  various  lymph  [lossa^^s.  Uonce  we  may  concluile  that  from 
various  parts  vf  the  body,  the  lyiuphaticji  are  continually  bringing 
Bo  the  blood  an  ubuudanl  supply  of  litucocytefl,  and  that  the^e 
haoome  the  ordinary  whiU;  curpuaclos  of  the  blood  Tbin  ia 
probably  thi.'  chief  ffnin,^  i)f  ibc  wliiu;  cor|tusi:k'-5.  for  though  the 
hitv  c'jrpusulus  have  Imen  seen  divtdin<{  in  the  blood  ilsvlf,  no 
fge  increase,  so  far  an  wa  kni>w,  take^  placj  in  that  wny. 
§  32.  It  follows  thatsincti  white  corpuscle*  are  thus  continu* 
V  being  added  to  the  blooit,  wliite  corpusclea  must  aa  continually 
iihet  be  destroyed,  or  hi  trans  formed,  or  escape  from  the  interior 
the  blooj  veasela ;  olburwisi!  the  blood  would  soon  he  blocked 
ith  white  corpuscltw. 
Some  do  li«rc  the  blood  vessels.  In  treatin]>  of  thu  circulation 
aluill  hive  to  point  nut  that  white  corput^ele^  nn^  itblu  to  pioro) 
the  walU  of  the  cnpillari^A  anl  luimtte  vuin»  and  thus  to  make 
Umot  way  from  tlie  interior  of  the  Mood  vessels  into  apaces  hlled 
with  lymph,  tha  "  lymph  ^[mce.'i/'  as  they  are  called,  of  the  tissue 
*  ing  outside  the  bluod  vobscIb,  This  ia  lipoken  of  as  the  "'  raigra- 
ol  the  whit*!  corpiisck-s."  In  an  "  intlanied  area "  lar);;e 
lumbers  of  white  corpuscles  are  thus  drained  away  from  the 
blood  into  the  lymph  spaoea  of  the  tissue;  and  it  ia  probable  that 
inmiUr  los4  takes  phwe,  more  or  loss,  under  normal  conditions. 
These  migrating  corpuscles  tnay,  by  followin"  the  duvious  tracts 
of  the  lymph,  lind  their  way  back  int«>  the  tdood;  some  of  them 
bowevt^r  may  remain,  and  undergo  various  changes.  Thus,  in 
inftitned  are^i,  when  suppuration  follows  inflanimalinn,  the  white 
eorpaftdei  which  have  migrated  may  become  '  pus  corpuscles,'  or, 
wliGTC  thickening  and  growth  follow  upon  inflammation,  may, 
■ooording  to  many  authorities,  liecomtt  transformed  into  temporaiy 
or  permanitut  tissue,  especially  councctivc  tissue  ;  but  this  trana- 
'  irmotioii  into  tivtut^  is  ilUpulttd.  When  an  inlluiumnlion  subsides 
;thouI  leJvin;^  any  elhtct  a  f.^w  coipiwcles  only  will  lie  f-iund  in 
Li^u>^ ;  thust^  which  had  previously  migrated  must  therufore 
,VH  bten  disposed  of  iu  some  way  or  other. 
Id  fl[>eaking  of  the  formation  of  red  cori>iuicles  (§  27)  we  saw 
I  u'»t  oaly  it  is  not  proved  that  the  nucleated  corpuscles  which 
ve  rise  to  red  corpuscles  are  onlinarj-  whit«  corpuscles,  but  that 
all  probability  the  real  )ia-mutoblnsts,  the  pan/iits  of  rod  cor- 
Ies,arespeciidc"rpu»ctL-.tdevel<ii)ed  in  the  situations  where  the 
tnaoufacture  of  red  corpuscW  takr*  ]>lace-  So  far  therefore  from 
issuiniTig,  aa  ia  sometimes  dont;,  that  the  white  corpuscles  of  the 
U«ul  ar«  all  of  them  on  their  way  to  become  red  corpuscles,  it 
may  be  doubled  whether  any  of  them  are.  In  any  case  however, 
even  making  allowance  for  those  which  migrate,  a  very  consider- 
able numlierof  the  white  Lxirpnsclcs  must  'disappear'  in  some  way 
DC  ether  from  the  blood  vtrvam.  and  we  may  perhaps  speak  of 
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their  disappearftncu!  as  being  a  '  ilestrui^lion '  or  '  dissolution.'  We 
hav«  as  yel  no  exHct  kuowledgt:  tc  guide  an  in  thia  ntaiter,  but 
we  cau  readily  imagine  that,  upuii  the  death  of  the  corpuscle,  the 
subfltaDCes  coiupoainj{  it,  after  undergoing  changes,  are  dissolved 
by  and  boramB  part  of  the  plasma.  If  so.  the  corpuscles  as  they 
dio  must  rupciit^jJly  iutiuente  the  composition  uud  nature  of  the 
plusma. 

But  if  they  thus  aPTttct  tfai!  plasma  in  their  death,  it  us  even 
more  probalild  that  they  iutliieiice  it  during  their  life.  Being 
alive  they  niu.it  be  continually  taking  in  and  giving  out.  As  we 
have  already  said  they  are  known  to  ingest,  after  the  fashion  of 
an  anid-bfi,  solid  particles  of  various  kinds  such  as  fat  or  carmine, 
pr^eut  in  the  plasma,  and  prubably  digest  such  of  the^o  panicles 
fts  are  nutritious.  But  if  they  ingest  these  solid  uiatters  they 
probably  also  carry  out  the  easier  task  of  ingesting  dissolved 
matters.  If  however  they  thu:;  tak<.-  Ju.  they  must  also  give  out ; 
and  thus  by  the  removal  ou  thi;  one  hand  of  various  substances 
from  the  pla-ima,  and  by  Uie  addition  on  the  other  hand  of  Mha 
substances  to  the  phisina,  they  must  bi>  continually  influejicing  the 
plasma.  We  have  already  said  that  the  while  corpusch's  in  shed 
blood  as  they  die  are  supno.'ied  to  play  an  iniporianl  |iart  in  the 
clotting  of  blood ;  siiudarly  they  may  during  their  wliole  life  be 
engaged  in  carrying  out  changes  in  the  pn.tcid.s  of  the  plasma 
whioli  do  not  lead  to  clotting,  but  which  picporu  the  protcids  for 
their  various  uses  in  the  body. 

Patholfjgical  facta  afford  support  to  this  view.  The  diseaw 
called  leucocythivmia  (or  leukitmia) !.«  charaiterised  by  an  increase 
of  the  white  corpuscte.s,  both  absolute  and  relative  to  the  red 
corpiiFcles,  the  increase,  due  to  an  augmented  production  or 
possibly  to  a  retarded  destruction,  being  iit  times  so  great  as  to 
give  the  blood  a  pinkish  gn-y  appearance,  like  that  of  blood  mixed 
vrith  pus.  We  accordingly  find  that  in  this  disease  the  plasma  in 
in  many  ways  profoundly  att'ccted  and  fail.*  to  nourish  the  tissues, 
As  a  further  illuiitratiou  of  the  [>o.<<sibie  actions  of  the  white 
corpiiscl&i  we  may  state  that,  in  certain  disenses  in  which  minute 
organisms,  such  as  bacteria,  make  their  appmrance  in  the  blood 
and  tissues,  while  corpuscles  may  attack  and  devour  these  bacteria, 
thus  acting  08  "  phagocytes."  and  in  this  way,  or  otherwise,  by 
exerting  some  iulluence  on  the  bai;teria  or  the  products  of  their 
Eivtivity,  modify  the  course  of  the  disease  of  which  the  bacteria  are 
the  essential  caus& 


Blood  I'lateht/t. 

§  33.  In  a  drop  of  blood  examined  with  care  immcdintelj 
after  removal,  may  be  seen  a  numi>er  of  exceedingly  small  bodies 
(2  ;t  to  3  ft  in  diameter)  frequently  disc-shaped  but  sometimes  of  a 
rouuded  or  irregular  form,  homogeneous  in  appearance  wheu  quite 
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frosfa  bnt  Apt  to  Assume  n  faintly  jTranukr  aspect.  Tlicy  are 
called  Uood  ptaUlett.  Ttiey  linvc  buon  supposed  by  some  to  become 
dev«lopv<l  into  and  iiiile<^ii  to  hv  early  stugiesof  the  red  corpuscles, 
and  Imnct;  have  been  called  h^iiiatnblftKts ;  but  Uhh  view  Itaa  not 
bora  cuiilirmeil,  indeed,  as  we  have  seen  (§  27),  lliu  risal  bii-omto* 
bbwu  or  developing  red  corpuscles  are  of  ijuite  a  diflereiil  nature. 

They  speedilv  underso  change  after  removal  from  the  Iwdy, 
apparently  dissolving  in  the  pliisiaa  ;  they  break  up,  part  of  their 
Bubstance  disappoikriug,  while  the  n.-«t  become.'^  ;;ninuluT.  Their 
grtinuUr  remains  aro  apt  to  riiu  together,  forming  in  the  plasma  the 
shajMilLvw  inas<«0:<  which  have  long  \x±m  known  anil  di-iscribc'd  as 
"  Inuips  of  protoplasm."  lly  appirtpriiile  reajpsntK,  howi;ver,  thus«j 
pUteleCft  may  be  fixed  and  aiaiued  in  the  cooilition  in  wUich  they 
appear  after  leaving  the  boity. 

The  substance  composing  thetn  is  peculiar,  and  though  we 
mar  jjerhaps  spuak  of  them  as  constsliu^  of  living  matt'rial.  their 
nature  is  at  pn-sent  obscure.  They  may  bo  seen  within  the  living 
blood  rcsBOls,  and  therefore  must  bu  regarded  r.'<  rmil  parts  of  tbu 
bloixl  .-ind  not  Uf,  pn>diict«  of  the  changes  taking  place  in  blood 
a(t«>r  it  hiu  Wen  shctl. 

When  a  needle  or  thread  or  other  forvij^n  body  is  introdnce<d 
tnto  the  interior  of  a  btood  ve^wel,  they  are  ajit  t^^i  collect  upon,  and 
indeed  are  the  precnrsors  of  the  clot  which  in  most  cases  forms 
around  the  needle  or  thread.  They  are  also  found  in  tlie  throfobi 
or  plugs  which  sonit>tinies  form  in  the  bloixl  vessels  as  the  result  of 
dtwa«!  or  injury.  Indivd  it  has  Fxten  maintained  that  what  are 
called  wAt/«  thr-im/n  (to  distinguish  them  from  nd  tlirombi,  which 
are  plug»  of  corpuscles  and  flhrin)  are  iu  ronlity  aggregations  of 
blood  platelets;  and  for  variou.^  reasons  binnd  plat<-tete  have  been 
gnppotti'dto  play  an  important  part  in  the  clottiuji  of  blood,  cariying 
oat  the  work  which  in  this  renpect  is  by  others  attributed  to  the 
white  coTpusdes.  But  no  very  definite  statement  fan  at  pr«sent 
be  madr.-  nbout  this;  and  inoeed  the  origin  and  whole  oatura 
of  thusc  blood  pluteleta  is  at  present  obscuro. 


SEC.   3.    THE  CHEMICAL  COMPOSITION  OF  BLOOD. 


§  34.  We  may  now  pass  briefly  in  review  the  chief  chemical 
characters  of  blood,  remembering  always  that,  as  we  have  already 
uiged,  the  chief  chemical  interests  of  blood  are  attached  to  the 
changes  which  it  uodergoes  in  the  several  tissues ;  these  will  be 
considered  in  connection  with  each  tissue  at  the  appropriate  place. 

The  average  specific  gravity  of  human  blood  is  1055,  varying 
from  1045  to  1075  within  the  limits  of  health. 

The  reaction  of  blood  as  it  flows  from  the  blood  vessels  is 
found  to  be  distinctly  though  feebly  alkaline.  If  a  drop  be  placed 
on  a  piece  of  faintly-red  highly-glazed  litmus  paper,  and  then 
wiped  oGT,  a  blue  stain  will  be  left 

The  whole  blood  contains  a  certain  quantity  of  the  gases, 
oxygen,  carbonic  acid,  and  nitrt^en,  which  &re  held  in  the  blood  in 
a  peculiar  way,  and  which  are  given  off  from  blood  when  exposed 
to  a  vacuum  or  to  an  atmosphere  of  suitable  composition;  the 
relative  amounts  differ  in  different  kinds  of  blood,  and  so  serve 
especially  to  distinguish  arterial  from  venous  blood.  These  gases 
of  blood  we  shall  study  in  connection  with  respiration. 

The  normal  blood  consists  of  in>rpusiles  and  plasma. 

If  the  corpuscles  W  supposed  to  retain  the  amount  of  water 
proper  to  them,  blixnl  may,  in  general  terms,  lie  considered  as 
consisting  by  weight  of  tnmt  nl>OHt  one-thinl  to  somewhat  less 
than  one-half  of  corpnst'los.  the  rest  l>eing  plasma.  As  we  have 
already  seen,  the  numWr  of  corpuscles  in  a  f^tecimen  of  blood  is 
found  to  vary  considerably,  not  only  in  different  animals  and  in 
different  individuals,  but  in  the  same  individual  at  different  times. 

The  piasma  is  resolved  by  the  clotting  of  the  blood  into  senitA 
and  fibrin. 

§  35.     The  sfrum  contains  in  10l>  parts 
Proteid  substances  about  8  or  9  parts. 

Fats,  various  extractives,  and  saline  matters  „     :2  or  1 

Water  „       90        . 
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Tbe  proteids  are  paraylohulin  and  mrvm  albumin  (there  being 
frobtblj  more  than  one  kind  of  scrum  nlbimiiu)  in  varying  pro- 
pcnion.  We  may  ])erhap!i,  roughly  speaking,  say  that  they  occur 
10  tbout  e([ual  quanlities. 

Oonspicuoos  aud  striking  as  are  the  results  of  clotting,  mas- 
lire  as  appears  to  be  the  clot  which  is  formed,  it  must  be  reinem- 
hfnxl  that  by  far  the  grwitor  part  of  the  clot  consists  of  corpuscles. 
Tin  aiBOtiiit  by  wvight  of  hbriu  n-tiuirod  to  hind  to}^>thcr  a  number 
•feorjNiflcles  in  order  to  form  even  a  tar^  firm  clot  is  excuvdin^Iy 
null.  Thus  the  nvurage  quantity  by  weiglit  of  fibrin  in  hunmn 
bind  is  said  to  be  2  p.c.;  the  amount  however  which  can  be 
obtained  from  a  given  quantity  of  plnsma  varies  extremely,  the 
TirJRtion  being  due  not  only  to  circumstances  affecting  the  blood, 
hitabo  to  the  method  employed. 

The  fats,  which  are  scanty,  except  after  a  m«al  or  in  certain 

pVbological  conditions,  consist  of  the  neutral  fats,  sU^ariu,  palmitin, 

•ad  oleio,  with  a  o^'rtain  quantity  of  their  ri-spective  alkaline  soaps. 

Tie  pet^uliar  comj'lvx  fat  leiitbin  occure  in  virry  small  quantities 

only ,  th«  ami'unt  present  of  the  jifculiaralcoliol  cbole.sterin  which 

haiu  fatty  an  appearance  is  also  small.     Amotig  the  extmctives 

I*etent  iu  serum  may  be  put  down   nearly  all  the   nitrogenous 

tad  other  aubstaucea  which  form  the  extractives  of  the  body  and 

of  food,  such  as  urea,  kruatin,  sugar,  lactic  acid,  Ac.     A   very 

Urge  number  of  tbi.-Hc  have  biwn  discovered  in  the  blood  under 

vnrioua  circnnist.iucj^'i*.  the  consideration  of  whioli  must  be  left  for 

the  present,     Thii  in-cwliar  udonr  of  blood  or  of  scrum  is  probably 

doe  to  the  presence  of  volatile  bodies  of  the  fatty  acid  scries.    The 

faint  yullow  colnnr  of  »erum  is  due  to  a  special  yellow  pigment. 

The  most  characteristic  and  important  chemical  feature  of  the 

saline  conatitulion  of  the  aerum  ia  the  preponderance,  at  least  in 

man  and  moat  DDimals.  of  sodium  salts  over  thoae  of  potassium. 

In  this  respect  the  scrum  offers  a  marked  contrast  to  the  corpuscles. 

Lns  marked,  but  still  striking,  is  the  abundance  of  chlorides  and 

the  poverty  of  phatphates  in  the  serum  as  compared  with  the 

carpnaclcs.    T)>e  salts  may  iu  fact  hrielly  be  described  as  couslstit^ 

chiefly  of  sodium  chloride,  with  some  nmourit  of  sodium  carbonate, 

uruore  corn>clly  sodium  bicarbonate,  and  pota-tsium  chlnride,  with 

small  quantities  of  soilium  sulphate,  so<lium  phosphate,  calcinm 

phosphate,  aud  magnesium  phosphate.     Aud   of  even  the  small 

quantity  of  phosphates  found  in  the  ash.  part  of  the  phosphorus 

exists  iu  the  scrum  itself,  not  as  a  phosphate  hut  as  phosphorus  in 

some  organic  body. 

§  3&    The  rfji  coTpHSfla  contain  less  water  than  the  serum. 
tbs  amount  of  solid  matter  being  variously  e.<(timat«d  at  from  30  to 
40  nruiorep.c.     The  solids  an^  almost  entirely  organic  matter,  the 
'  KVTBanic  raits  amounting  to  less  than  1  p.e.    Of  the  organic  matter 
lin  by  far  the  larger  part  consists  of  hiemoglobin.     In  100  parts 
!  dried  organic  matter  of  the  corpuscles  of  human  blood,  abouD 
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90  pftrta  are  hicmofjlobin,  nbout  8  part*  are  proteid  substances, 
Rud  aboiil  2  parts  are  other  »iibstaiic«».  Of  these  other  substances 
otie  (it  the  most  important,  forniinj^  about  a  quartt^r  of  lliein  and 
apparently  being  always  present,  is  lecithin.  ChoIest«rin  appears 
also  to  be  normally  presenL  The  pro[«id  substances  which  foriu 
the  stroma  of  the  red  corpusclea  appear  to  belong  chiefly  to  llie 
globulin  (umily.  As  rv^rds  the  inor<;nnic  constituents,  the  cor- 
pusclc»  an:  distinguish iid  by  the  rclativv  abundance  of  the  salts 
of  poia!«iuui  and  of  pliusphat«s.  This  at  knsl  is  the  case  in  man ; 
th«  relative  <|uantitii;H  of  sodium  and  potassium  in  the  coqitisoles 
and  serum  respectively  appear  however  to  vary  in  differuut 
anituaU;  in  some  the  sodium  salts  are  in  excess  even  io  tlie 
corpuscles. 

§  37.  The  proteid  matrix  of  the  tpkiU  rormiseleg,  we  have 
stated  to  be  composed  of  nucleo-albumin,  globulin,  and  possibly 
other  proteids.  I'ho  onclei  cootnin  nuclein.  The  white  cor- 
puscles ate  found  to  contain,  in  addition  to  proteid  material, 
U!cithin  and  other  fats,  KlycosL*n,  oxtniclives  and  inorjsanic  sails, 
tbore  being  in  the  ash  as  in  that  of  the  red  corpuscles  a  pre- 
pouderniicu  of  i^olasriiuin  salts  and  of  ptii)S])hatv-f. 

The  main  facte  of  interest,  then,  in  the  chemical  composition  of 
ibe  blood  are  as  follows:  The  rwi  corpuscles  consist  chiefly  of 
liit-moglobiu.  The  organic  solids  of  scrum  consist  jMirtly  of  semm- 
albumin.  and  jwrtly  of  pnraglobulin.  The  M>riim  or  plasma 
conttasls,  in  man  at  least,  with  the  corpuscles,  inasmuch  as  the 
former  contains  chiefly  chlorides  and  so<lium  salts  while  the  latUT 
are  richer  in  phosphates  and  potassium  salts.  The  extractives  of 
the  blood  are  remarkable  ratbcr  for  their  number  and  variability 
than  for  their  abundance,  the  most  constnul  and  important  being 
perhaps  urea,  kreatin,  sugar,  and  lactic  acid. 
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SEC:   4.    THK  QUAN'TITY  OF   ni.OOD,   AND   ITS 
UlSTUlBUnON    IN  THE   BOOY. 


§  3B.  Hie  quautityof  blood  contained  Ju  the  whole  vascular 
sjntem  U  a  balatiDe  struck  between  the  tissues  which  give  to  and 
those  which  take  awnr  from  the  blood.  Thus  the  tissues  of  the 
alimeutarjr  caual  largely  add  to  the  btood  water  and  the  material 
derived  from  food,  while  the  excretory  organs  largely  take  away 
water  aud  the  oihtT  sub§taDCcs  constituting  the  cicretiona.  Other 
tissues  both  give  and  take;  and  the  considcrablo  drain  from  the 
blood  to  the  lymph  spaces  which  takc«  place  in  the  capilluriea  ia 
met  by  the  flow  of  lymph  into  the  great  veins. 

From  the  result  of  a  few  ob.servation8  on  executed  criminals  it 
b«s  been  concluded  that  the  total  quantity  of  blix>d  in  the  human 
body  is  about  ^Ih  of  the  body  weight.  But  in  various  animals, 
tbe  proportion  of  the  weight  of  the  blood  to  that  of  the  body  has 
been  fonnd  to  varj-  very  considerably  in  different  individuals ,  and 
probably  this  holds  good  for  man  aUo,  —  at  all  evenu  within  cer- 
Uta  limits. 

Id  the  tinmo  individual  the  quantity  probably  does  not  vary 
Urcely-  A  sudden  drain  upon  the  water  of  the  blood  by  groat 
activity  «f  the  excretory  organs,  as  by  profuse  awrating,  or  a 
sadden  addition  to  the  water  of  the  blond,  a.-*  by  drinking  large 
quantities  of  water  or  by  injecting  fluid  into  the  blood  vessels,  is 
rmpidly  compensated  by  the  pa&sage  of  water  from  the  ti.<isues  to 
[be  blood  or  from  the  blood  to  the  tissues.  As  we  have  already 
said,  titti  tissues  are  continually  striving  to  keep  up  an  average 
composition  of  the  blood,  and  in  so  doing  keep  up  an  average 
qmatity.  In  sUr^-nt^'on  the  quantity  (and  <iuality)  of  the  blood 
is  loaintained  for  a  long  time  at  the  expunge  of  the  tissues,  so 
tJiat  after  some  days  deprivation  of  food  and  dnnk,  whilt:  the  fat, 
tbe  mwtctes,  and  other  tissues  have  been  largely  diminished,  tlie 
<|ttaa(ity  of  blood  remains  nearly  the  same. 
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The  totRl  quantity  of  blood  present  in  mi  (inimnl  borfy  is  ectitoated 
in  the  following  way  :  As  luiich  blood  an  posiiibl(>  is  allowed  to  escape 
from  the  vesa^ls;  this  is  measiiivd  dirpclly.  The  vessels  are  theu 
waslied  out  with  water  or  nonual  saline  solution,  and  the  wasbinKs 
carefully  collected,  mixed,  and  measured.  A  known  quantity  of  blood 
is  diluted  with  water  or  nonual  saline  solution  uiilil  it  pusHusseji  ibe 
same  tint  as  a  ineusured  specimen  of  the  wa&hini^ii.  This  gives  the 
amount  of  blood  (or  rather  of  hu-wo};Iobin)  in  the  mtiosured  specimen, 
from  which  the  total  quantity  in  the  whulu  wasbiugs  is  cnlcnlntcd. 
Lastly,  the  whole  body  is  carefully  niincud  uiid  washed  free  from  blood. 
The  wasbings  nre  collected  and  lilti;n!d,  and  the  amount  of  blood  in 
tbem  is  estimated  as  before  by  cotnpnriwin  with  a  specimen  of  diluted 
blood,  Tlie  quantity  of  blood,  as  calculated  from  the  two  washini^M, 
to(tc!lher  with  the  escaped  and  directly  measured  blood,  givea  the  UiUl 
quantity  of  blood  in  the  body. 

The  method  ia  not  free  from  objections,  but  other  methoda  are  opvu 
to  still  gmver  objections.  > 

Tiie  blood  is  in  round  numbers  distributed  as  follows  :  — 
About  ouQ'fourth  in  tbe  heart,  lungs,  large  arteries,  aud  veins, 
..  »  ,.     ..     liver. 

„  „  „    „     skeletal  muscles, 

„  „  ,.     „     other  orsons. 

Since  in  tlie  heart  and  great  blood  vessels  the  blood  is  simply 
in  transit,  without  undergoing  any  great  (changes  (and  in  tlie 
lungs,  so  far  as  wf!  know,  the  changes  nre  liiuil<?d  to  respiratory 
chaoges).  it  follows  that  the  changes  which  take  place  in  tlie  blood 
passing  tbrougb  the  liver  and  akE^l>:tal  muscles  far  exceed  those 
which  take  place  iu  the  rest  of  the  body. 


CHAPTER   n. 


THE  CONTBACTILE  TIS3UE& 


§  39.  In  order  Itmt  Uie  blood  may  uourish  the  several  tissues 
il  u  carried  to  nnd  from  tb«in  by  tbe  vosculnr  mechanism  ;  and 
this  carriage  entails  active  movements.  In  order  tbat  the  blood 
nay  adequately  nourifib  the  tissues,  it  must  be  T«plenishei:l  hy  food 
^m  the  alimeDtary  canal,  and  purilied  from  waste  by  the  excretory 
oifMts ;  and  both  these  processes  entail  movements.  Hence  before 
we  proceed  fnrthor  wc  must  study  aome  of  the  general  chamcters 
of  tJte  movcmvntft  ot  the  body. 

Moat  of  the  movements  of  the  body  nrv  carrii^d  out  by  memis 
of  the  muscles  of  the  trunk  and  limbs,  whi<:h  beiufj  couDect<;d  with 
ibe  skeleton  are  frequently  called  .'tkebjUil  muscK'Jt.  A  skolclal 
moscle  when  subjected  to  certain  inHuenCHS  suddenly  shorlons, 
tirinfnng  it&  two  ends  ncsrer  together;  and  it  is  tiie  shortening 
vhieb,  by  acting  upon  various  bony  levers  or  hy  help  of  other 
MecWoical  arrangemenu,  produces  the  movomenL  Such  a  tem- 
poniyshorteniDg.called  forth  by  certain  influences  and  due  as  we 
shall  see  to  changes  taking  plac«  in  tht-  musculur  tissue  forming 
the  chief  pnrt  of  the  diuhcIc,  is  tochnicnlly  called  a  amtmction  of 
the  mtwcle ;  and  the  mnscular  tissue  is  spoken  of  a«  a  contmt^tite 
tissQe.  The  heart  is  chiefly  composed  of  muscular  tissue,  differing 
in  certain  minor  features  from  the  muscular  tissue  of  the  skeletal 
muscles;  and  tbe  beat  of  the  heart  is  essentially  a  contraction  of 
the  musclar  tissue  composing  it,  a  shortening  of  the  peculiar 
Duwolar  fibres  of  which  the  heart  is  chiefly  made  up.  The 
movements  of  the  alimentary  canal  and  of  many  other  organs  are 
similarly  the  results  of  the  contraction  of  the  muscular  tissue 
eutering  into  the  oompositioa  of  those  origans,  of  tbe  shortening  of 
certain  muscular  fibres  built  up  into  tliose  oi^ans.  In  tact  almost 
all  the  movement*  of  the  body  ate  the  results  of  the  contraction  of 
muscular  fibres,  of  various  nature  and  variously  disposed. 
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Some  few  movements  however  are  carried  out  by  structures 
which  cannot  be  called  muscular.  Thus  in  the  pulmonary  passages 
and  elsewhere  movement  is  effected  by  means  of  cilia  attached  to 
epithelium  cells;  and  elsewhere,  as  in  the  case  of  the  migrating 
white  corpuscles  of  the  blood,  transference  from  place  to  place  in 
the  body  is  brought  about  by  amoeboid  movements.  But,  as  we 
shall  see,  the  changes  in  the  epithelium  cell  or  white  corpuscle 
which  are  at  the  bottom  of  ciliary  or  amceboid  movements  are  in 
bU  probability  fundamentally  the  same  as  those  which  take  place 
in  a  muscular  fibre  when  it  contracts.  They  are  of  the  nature  of 
a  contraction,  and  hence  we  may  speak  of  all  these  as  different 
forms  of  contractile  tissue. 

Of  all  these  various  forms  of  contractile  tissue  the  skeletal 
muscles,  on  account  of  the  more  complete  development  of  their 
functions,  will  be  better  studied  first ;  the  others,  on  account 
of  their  very  simplicity,  are  in  many  respects  less  satisfactorily 
understood. 

All  the  ordinary  skeletal  muscles  are  connected  with  nerves. 
We  have  no  reason  for  thinking  that  they  are  thrown  into  con- 
traction, under  normal  conditions,  otherwise  than  by  the  agency  of 
nerves.  Muscles  and  nerves  being  thus  so  closely  allied,  and 
hanng  besides  so  ninny  properties  in  common,  it  will  conduce 
to  clearness  and  brevity  if  we  treat  them  together^ 


SEC.   1.    THE  PHENOMENA  OF  MUSCLE  AND  NERVE. 


Mvuevlar  and  Ncrtous  IrritaUHty. 

Oi  fliL-  ^kcletul  iiiiLHcles  of  a  frog,  the  brain  and  spinal 
i  whicli  have  beeu  destroyed,  do  iiut  exhibit  any  spontaneous 
movements  or  contracUoDS,  «vcii  chough  the  nurv(.-»  bi;  othcrwisu 
quit«  intact  Ixft  iiiiilisturbed  the  whole  biidy  umy  decompose 
without  any  contraction  ot  any  of  the  ske^ltital  niu-tcles  having 
been  witnesfied.  Neither  the  skeletal  muscles  nor  the  nerves 
distribnted  to  them  possess  nay  power  of  automatic  action. 

If  however  a  muscle  be  laid  baa*  and  be  more  or  less  violently 
ilistarbed.  —  if  (or  instanca  it  be  pinched,  or  touched  with  a  hot 
wire,  or  brought  into  contact  with  certain  dieniicul  subi^lances. 
or  subjected  to  the  action  of  gulvunicciirrvnls, —  it  will  move,  that 
iji  contract,  whenever  It  is  thus  ilisturljed.  Though  not  exhibiting 
any  spontaneous  activity,  the  muscle  is  (and  continues  for  some 
Unjtt  afl^r  the  general  death  of  the  animal  to  he)  irrUahk. 
Though  it  remains  quite  quiescent  when  left  untouched,  it« 
powers  are  then  dormant  only,  not  absent  These  require  to  be 
rooned  or  'stimulated*  by  some  change  or  disturbance  in  order 
thai  they  may  manifest  themsclvcH.  The  substances  or  agents 
which  are  thus  able  to  evoke  the  activity  oi  an  irritable  muscle 
are  spoken  of  as  stimtUi. 

Bat  to  produce  n  contraction  in  a  muscle  the  stimulus  need 
not  be  applied  directly  to  the  intiseie ;  it  may  be  npidied  iudirvctly 
by  means  of  the  nerve.  Thus,  if  the  trunk  of  a  nerve  lie  pincbfd, 
or  subjected  to  sudden  hem,  or  dippeil  in  certain  chemical  sub- 
sUnces,  or  acted  upon  by  various  galvanic  currents,  contractions 
aie  seen  in  the  mu§cles  to  which  branches  of  the  nerve  are 
distributed. 

Tlie  nerve  like  the  muKcle  is  irritable ;  it  is  tlirown  into  a  stato 
of  activity  by  a  stimulus  ;  hut  unlike  the  muscle  it  does  not  itself 
contract  The  t<tim»lnH  di^x-s  not  give  ri.se  in  tlie  nerve  to  any 
vi«ible  change  of  form;  but  that  clianges  of  some  kind  or  other 
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are  aet  up  and  pn>|iagnted  aloug  tlie  nerve  down  to  the  muscle  is 
sfao'Wii  by  the  fact  that  the  muscle  ciiutracts  when  n  part  of  the 
nerve  at  some  dUtaoce  from  itself  is  stimulated,  lloth  neire  and 
muscle  are  iiritable.  but  only  the  muscle  is  contractile,^ —  t,f.,  mani- 
fests its  irritability  by  n  contraction.  The  nerve  manifests  its 
irritability  by  trttnsmittin^  along  itself,  without  any  visible  altera- 
tion of  form,  certain  nmleculnr  dmngcs  set  up  by  the  stimulus. 
We  shall  call  these  changes  thus  propagated  along  a  nerve, 
•nervous  impulses.' 

§  41.  We  have  slated  above  that  the  muscle  may  he  thrown 
into  contractions  by  stimuli  applied  directly  t<>  iUelf.  But  it 
might  fairly  be  urged  that  the  contractions  so  produced  are  in 
reality  due  to  the  tuct  that  the  stimulus,  although  apparently 
applied  directly  to  the  muscle,  is,  after  all.  brought  tti  bfar  on  some 
or  other  of  the  many  fine  nerve-branches,  which  as  we  shall  see  are 
abundiuit  In  the  mu.^ele,  passing  among  and  between  the  muscular 
fihre-s  iu  wliich  they  finally  ond.  The  following  facts  however  go 
far  to  prove  tViat  the  muscular  fibriis  themselves  are  capable  of 
being  directly  stimulated  without  the  intervention  of  any  nerves. 
When  a  frog  (or  other  animal)  is  poisoned  with  nrari,  the  nen,'e9 
may  be  subjected  to  the  strongest  stimuli  without  causing  any 
contractions  in  the  muscles  to  which  they  are  distributed;  yt't 
even  ordinary  stimuli  applied  directly  to  the  muscle  reiidily  cause 
conlrftctiuns.  If  hefort-  introducing  the  urari  into  the  system, 
a  h'gature  be  passed  undenieatli  the  sciatic  nerve  in  ouoleg,  — for 
iiuitance  the  right,  —  and  drawn  tightly  round  the  whole  leg  to  the 
exclusion  of  the  nerve,  it  is  evident  that  the  urari  when  injected 
into  the  back  of  the  animal,  will  gain  access  to  the  right  sciatic 
nerve  above  the  ligature,  but  not  below,  while  it  will  have  free 
access  to  the  rest  of  the  body,  including  the  whole  left  sciatic  If. 
as  soon  as  the  urari  has  taken  effect,  the  two  sciatic  nerves  be 
stimulated,  no  movement  of  the  left  leg  will  he  produced  V)y  stimu- 
lating the  left  Bcifttic,  whereas  strong  cmitractions  of  the  muscles  of 
the  right  leg  below  tlic  ligature  will  follow  stimulation  of  the  right 
sciatic,  whether  the  nerve  he  stimulattd  above  or  below  the  ligature. 
Now,  since  tlie  upper  parts  of  botli  seiaties  are  equally  exposed  to 
the  action  of  the  poison,  it  is  clear  that  the  failure  of  the  left  nerve 
to  cause  contraction  is  not  attributable  to  any  change  having  taken 
place  in  the  upper  portion  of  the  nerve,  else  why  should  not  the 
right,  which  has  in  its  upper  portion  been  equally  exposed  to  the 
action  of  the  poison,  also  fail  ?  Evidently  the  poison  acts  on  some 
parts  of  the  nerve  lower  down.  It  a  single  muscle  be  removed  from 
the  ciiculiitien  (by  ligaturing  its  blond  ves.'^els),  previous  to  the 
poisoning  witli  urari,  that  mu-tclc  will  contract  when  any  part  of  the 
nerve  going  to  it  is  atiniulated,  though  no  other  muscle  in  the  body 
will  contract  when  its  nerve  is  stimulated.  Here  the  whole  nerve 
right  down  to  the  muscle  has  been  exposed  to  the  action  of  the 
poison :  and  yet  it  has  lost  none  of  its  power  over  the  muscle.  On 


I 


CiiAr.  il] 


THE   CONTRACTILE  TISSUES. 


55 


ihe  other  hand,  if  the  muscle  be  aUuw«d  to  remain  in  the  body, 
and  so  b«  expusml  to  ihit  nclloii  of  thu  {loisou,  but  the  nerve  be 
divided  high  up  ami  thi;  pari  conuected  with  the  musde  Rcntly 
lifted  up  before  the  urari  ia  introduced  into  the  systom,  so  thtit  no 
blvod  flows  to  it  and  so  that  it  is  protected  from  the  influvuo)  of 
th«  poisoD,  stimulation  of  the  nerve  will  be  found  to  produce  do 
coutractiona  in  the  muscle,  though  stimuli  applied  directly  to  the 
nttscle  at  onc«  cause  it  to  contract  From  these  facta  it  in  clear 
that  urari  poisons  the  ends  of  the  nerve  within  the  muscle  long 
befote  it  affects  the  trunk ;  and  it  is  esceudtn")y  probable  that  it 
ia  the  very  extromo  ends  of  the  nerve*  {possibly  th«  end-plates,  or 
peculiar  Etnictures  in  which  the  nerve  fibres  end  in  the  muscular 
fibres,  —  for  umri  poisoning,  at  least  wlioii  profound,  causes  u  slight 
but  yiii  diotini'tly  lecoenisable  eHect  in  the  microscopic  appearance 
of  these  structures)  vnich  are  affected.  The  phenomena  of  umri 
poisoning  therefore  go  far  to  prove  that  muscles  are  capable  ijf 
being  made  to  contract  by  stimuli  applied  directly  to  the  muscular 
fibres  lliemselvea ;  and  there  are  otner  facts  which  support  this 
view. 

■  §  43.  \vnien  in  a  recently  killed  frog  wo  stimulate  by  various 
means  and  in  %'nrious  way^  the  mu»icles  and  nerves,  it  will  he 
otnervad  that  the  movemeuts  thvn  produced,  tbou^^h  very  various, 
may  be  distinguished  to  he  of  two  kinds.  On  the  one  hnnd,  the 
result  may  be  a  mere  twitch,  aa  it  were,  of  this  or  that  mu.'(c:Ie; 
OQ  the  oUier  hand,  one  or  more  muscles  may  remain  shortened, 
contracted  for  a  considerable  time,  —  a  limb  for  instance  being 
mised  up  or  stretched  out.  and  kept  raised  up  or  stretched  out  for 
many  secondn.  And  we  tind  upon  examination  that  a  stimulus 
nay  be  applied  either  in  such  a  way  as  to  produce  a  mere  twitch, 
—  a  passing,  rapid  contraction  which  is  over  and  gone  in  a  fraction 
of  a  second.  —  or  in  sueli  a  way  as  to  keep  the  muscle  shortened  or 
coatracted  for  so  long  time  as,  up  to  ccrt^iin  limits,  wo  may  choose. 
Hie  mere  twitch  is  called  a  aiiiffU  or  simple  mufcular  coiUraelioa  ; 
tb*  costained  contraction,  which  as  we  ^)\aM  see  is  really  the  reeralt 
of  rapidly  repeated  simple  contractions,  is  called  a  letanic  eon~ 
truttian. 

^48.  In  order  to  study  these  contractions  adenuat«Iy.  we  must 
have  recoorae  to  the  '  graphic  method '  as  it  is  called,  and  obtain  a 
tmcing  or  other  record  of  the  change  of  form  of  the  muscle.  To 
do  this  conveniently,  it  is  be-st  to  up«;rutv  with  a  mu.'^cle  isolated 
(ram  the  rest  of  the  body  of  a  recently  killed  aniuLtl,  and  ciirvfully 
prepucd  in  such  a  way  ns  to  remain  irritabli^  for  ^ome  itnie.  The 
noides  of  cold  blooded  animals  t«main  irritable  after  rt^moval 
fmra  the  body  far  longer  than  those  of  warm  blooded  animals,  and 
hence  those  of  the  frog  are  generally  made  use  of.  We  shall  study 
nmwntly  the  conditions  which  determine  this  maintenance!  of  the 
nritability  of  muscles  and  nerves  nftcr  removal  from  the  boily. 
A  moscle  thoa  is<datod.  with  its  nerve  left  attached  to  it,  is 
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called  a  mutde-nerve  preparation.  Tlie  most  convenieiit  muscle 
for  this  purpose  id  the  hog  is  perhaps  the  gastrocuemiiis,  which 
should  be  dissected  out  so  as  to  leave  carehilly  preserved  th« 
attachment  to  the  femur  above,  some  portion  of  the  tendon  (leudo 
achillis)  below,  and  a  considerable  length  of  the  sciatic  nerve  with 
its  branches  going  to  the  inutscle.     Fig.  1. 


Via.  1.     A  McHcu-'RKnvi  Pmpaiutiok. 

ni.  Iho  mmcla.  f^trocncniiui  of  frog;  n.  the  Kiotic  DcrTf,  nJI  ilio  brauchea 
bnliis  cutaway  fixccot  that  supplying  tlw  maMlo;/, femur;  eL  clamp;  t.  a  iMido 
M-liUli*  ;  tp.  e.  end  o{  ipinal  canal. 

§  41.  We  may  apply  to  such  a  tunscle-nerve  preparation  the 
various  kinds  of  Etiuiuli  spoken  of  above,  —  mechnmca),  such  as 
pricking  or  pinching; ;  thermal,  such  as  auddcn  heating ;  cliemical, 
such  aa  acids  or  othtT  active  chemical  substances,  or  L-lectrical ; 
and  these  we  may  apply  either  to  the  muscle  directly,  or  to  the 
nerve,  thus  affecting  the  muNcle  indirectly.  Of  ail  these  stimuli 
by  far  the  most  convenient  for  general  purposes  are  electrical 
fltirauli  of  various  kinds;  and  these,  except  for  special  purposes, 
are  best  applied  to  the  nerve,  nnd  not  directly  to  the  muscle. 

Of  electrical  stimuli  again,  the  currents,  as  they  are  called, 
generated  by  a  voltaic  cell  fire  most  convenient,  though  the 
ekctricity  generated  by  a  rotating  magnet,  or  that  produced  by 
friction,  may  be  employed.  Making  use  of  a  cell  or  battery  of  cull!!. 
Daniell'9,  Grove's,  Leclanch^,  or  any  other,  we  must  distinguish 
between  the  current  produced   by  the  cell   it«elf   (the  conttant 
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mrrentBB  we  shall  call  it)  and  the  induced  current  oht&mad  from 
Ibe  ronstant  canent  by  means  of  an  induction  coil,  as  it  is  called  ; 
for  the  physiological  uffecte  of  th«  two  kinds  of  current  are  in 
many  wajfi  different. 


It  may  peitiapt  be  wortfa  while  to  reanind  the  reader  of  the  foUowtns 
CuU:  — 

In   a  galvanic   biiltory,  the  subctaiiue  (pliite  of  tint-  for  iimfAnci:) 

rliich  is  acted  ujmd  unO  used  up  by  tlio  h(|tiiil  in  cnllu'l  tUf.  pmitii^ 

,  aUaHiit,  and  the  aubatonoo  wbic:!i  is  nut  so  acted    upon  and    used    up 

r  (plate  &c-  of  copper,  platinum,  or  ciirb«ii,  &c.)  is  calltid   the  nrifUivf 

ent.     A  i^vnnin  action  i»  ect  up  wli«n  tho  positive  (zinc)  and  tlia 

tire  (oopper)  «l«nionls  .ire  ojnnected  outside  the   battery  by  some 

cun-luctinK  material,  such  as  a  wire,  and   tho  unrrent  is  said  to  flow  in  a 

ctTCuit   or  cirde    trum  the   liiio  or   positive  eleiueiit  to  the  copper  or 

■ttive  nicroont  iitiidt  the  hatterj/,  and  Ihvn  from  tlit-  uop;>er  or  iiuKntiva 

raiiinent  back  to  tite  tine:  ur  positive  oleniiint  thruugli  Uic  wire  ouiritU 

ikt  hallerf.     If  the  eon<lucting  wire  be  cut  tlirougli,  the  currunt  (:<«uii!s 

^to  ftow;  hut  if  tho  cut  ends  bi>  brought  iiitt>  contuct,  the  rurmtit  is  re- 

■Uished  and  eontinUM  to  How  so  long  as  tlic  contact  is  good.     The 

'tfMla  of  the  wires  are  called  '  poles,' or  when  use>l    for  physiological 

jnupoaai,  in    wliieh  case  thoy  may  he   fashioned    in  various  ways,  are 

apciuea  of  lu  eitftroilea.     When  the    poles  are  brought  iutu  coutact  or 

■ra  eonnecteil  by  toniD  condutLtn;^  muteriul,  galvaniu  action  in  set  up, 

and   tl>n  eqrrent  flows  through  the  buttery  and  wircH  ;  thtii  is  s|>okeii  nf 

u  "  niakiag  the  riirreiit  "  '>r  "  c)tniih-tiux  or  closing  th<^  circuit."     When 

th«  polM  are  drawn  npnit  from  each  otlif^r,  or  whon  somo  n  on  •conduct  lug 

oMtmal    is  interposed    between   them,  the  {falvanic  iction  is  arrested  ; 

Its  spoken  of  aa  "breaking  the  oinvnt"  or  "o|H)niiig  the  circuit." 

I  omreat  passes  ftoni  tho  wire  connected  with  the  negative  (copjtor) 

^fitment  in  tlw  battery  to  the  wire  connected  with  the  positive   (zinc) 

<  denent  in   the   lutt«ry  ;   hence  the   polu  connected    with  the  copper 

(negative)  oUmonl  in  called  the  potiiivf  pule,  and  that  i^nunected  with 

I  the  zinc  (positive)  element  is  called  the  Ktgative  polu.     When  used  for 

I  physiological  mirpcucn  the  pmitive  pete  Iwcoinea  tha  poeitirn  elcotrodn, 

nnd  the  negative  pole  tho  oegntivo  electrode.     The  poutivo  electrode  is 

[«ft«0  spoken  of  as  tho  aimdt  (ana,  up),  and  the  negaUve  oloctnxle  as 

[ttw  teAmfe  (kats,  down). 

A  pieee  of  nerve  of  ordinary  length,  though  not  a  good  conductor, 

[is  still  a  eonduclor,  and  when  placed  on  the  electrodes,  completes  tha 

Fttircnit,  pomiitling  tlic  current  to  pau  through  it;  in  order  to  remova 

the  nerve  from  tho  influence  of  the  current  it  must  he  litteil  off  from 

tha  elactrodea.     Thu  is  obviously  inconvenient;  nnd  hence  it  is  naiial 

'  to  arrange  a  nioasa  of  opening  or  closing  the  circuit  at  some  point  alunj; 

ioneof  ihe  two  wires.     This  maybe  done  in  vnrious  ways,  —  by  fiwtciiini; 

hone  part  of  the  wire  into  a  cup  of  luerciinr  and  so  by  <lipping  tho  other 

'  part  of  the  wire  into  the  cup  to  close  the  cirvuit  and  make  tha  current, 

[  ud  by  lifting  it  out  of  the  mercnrj-  to  o|>en  the  circuit  and  brank  tho 

I  ettmnt ;    or  by   acianging,   between    the  two    parts  of    the   wires,   > 

I'iDOveable  bri<lge  of  good  conducting  material  such  as  brass,  which  can 

ba  pal  down  lo  close  the  circuit  or  niised  up  to  open  the  ciieuit ;  or  in 
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other  ways.     Such  a  lueuiis  uf  cliiHmg  and  opeoing  a  circuit  and  ao  of 
ranking  or  breiilcing  ii  current  is  ualled  a  kty. 

A  kpy  wli)i:)i  IK  fruijituDtly  used  hj  ptiytuologi&ts  goe»  by  the  n&ine  of 
du  Boin-lfrymnml's  Itey ;  thougli  unclutfiroblo  in  niaiiy  rcspccU  it  has 
the  ndvanUt^  tlifit  it  onn  be  used  in  two  diffitrent  ways.  It  may  I>e 
amDged  as  iu  A,  Fig.  3.  Id  this  case,  when  the  bnus  bridgp  of  K, 
the  key  is  put  duwn  (dDtl«d  outline  in  thi^  Gg'ire),  so  as  to  foim  a 
means  of  good  conduction  between  ths  bruss  plat«8  to  which  the  witvi 
are  screw^l,  the  circuit  is  cloaed  and  the  current  passos  from  the  poni- 
tive  poiu  (I'lid  of  the  iifsativo  —  copper —  ulement)  to  the  positi  vi-  (■Icutrode 
«r  aDodi.-,  All.  throuj-h  thu  nervL-,  to  the  ni-H^tive  elettnjiic  or  kiithoile 
Xal.  anil  llienou  bnck  to  tlio  iioj,-utive  pole  (eiid  of  the  poattive  —  sine  — 
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Fto.  S.    DiaOCik  or  Du  Boi»-RKTitoxt>KKT  eato,  A.  roaUAKtiM:  aso  Biiii«Knio, 
B,  roa  SuoRT  Ciaoctruo. 

element)  in  the  battery  :  on  mistng  th^  brass  bridge  (contiDnous  ontliiM 
■»  the  figure)  the  ciivuil  is  opened,  the  current  broken,  and  oo  current 
pMMs  throiiKh  the  .-IpclMdes.  Or  it  may  be  ananged  us  in  B.  In 
this  case  if  the  br»si  bndp'  be  '  down,*  (be  nsisloDce  oBncd  by  it  ia  so 
Sioitll  compared  with  the  n-sistitnoe  ofered  by  the  nnrre  between  the 
eWtrolcs.  that  the  whole  current  fh>m  the  batte<ry  luistns  through  th« 
bridge,  liaok  to  the  battery,  and  none,  or  only  au  iiilinitesimal  purtioD, 
pM«8  into  the  n<»rr«.  When  on  the  other  buixl  thn  brid};e  U  rmised, 
anii  ao  the  condnatioii  )M'twe«u  tJie  two  eidtu  msticiutml,  tbe  cumnt  is 
nut  «b]e  to  (MM  directly  tntm  one  side  to  tlw  other,  but  can  and  does 
p«8  along  thn  wire  through  the  ntirve  bock  to  thp  ii«ttery.  U«njoe  in 
KrnuigenMnt  A.  '  putting  down  Uie  key '  an  it  is  ctllr.)  nukes  ■  cnnent 
in  Ibe  nerre,  and  '  raising '  or  '  oiMuing  tlie  key '  bredcs  tbe  carrcnL  In 
vnuifieraent  It,  however,  patting  down  tin  key  diivia  the  current  from 
the  nerve  bv  scmling  it  thronjih  the  hridg^  lunl  ao  back  to  tite  bsUery  ; 
the  current  insfacl  of  making  tW  longer  circnit  throagfa  (he  dcctrodttf 
make*  the  shorter  cireuit  thiongb  tlte  key;  hencn  this  is  called  'short 
ciiCiuMng.'     When  tlie  bliclga  U  raised  the  current  passes  throogh   the 
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ncrre  on  tbe  e!«ctr<xle«.     ThuH '  putting  dawn '  and  '  raiiiinK   or '  opuniii^ ' 

tlia  kr)'  have  cootrury  eOi'i-ta  in  A  mul  B.     In  B,  it  will  bn  o)Merv«i), 

th*  imXXvry  i«  BlwiiyB  at    work,  tin;    uumriit  i*   iilu-ays   flowing  cithor 

timngfa  tbii  filoctrmlvK  (k«y  up)  ur  thmugli  tlio  key  (ki'y  down);  in 

J.  tb«  baU«ry  w  ■>»(  "t  w.irk  until   liie   circuit   iji    nin<io    by  ptilting 

down  the  key.     And  in  mnuy  vafv^  it  is  desirable  Ui  Inks  so  to  ejxuUc 

»miiple  of  the  purront  whilo  t!i«i  buttery  ie  iu  full  swing  r&ther  than 

]■!  mt  it  btTidns  lo  work.     Moreover  in  B  tlie  olectrotW  uri<,  wheu  the 

hy  w  down,  wholly  shut  off  from  the  current;    wlic-rpaa    in    A,  wli«i 

tbt  key  u  up,  one  electrode  is  still  in  direct  C(iiinei:liu»  with  tbi?  buttt-ry  ; 

ud  lliiK  CQDncvtiuii,  losdiii);  lu  wliut  is  knuwu  us  unipolar  action,  nuiy 

fjn  mc  to  •tiaiulution  uf  Iho  uervo.     Huiicu  tlio  uao  of  tbu  key  in 

thifoim  B. 

Othw  forms  of  kny  may  bu  iwimI,  Thn*  in  thn  Mnne  fci?y  (^,  Fig. 
^  eonUcl  is  n)fld«  by  prPMiog  down  a  lovnr  bnndlu  {/ui);  whon  the 
uiwuie  i«  removetl,  the  handle,  driven  up  by  a  spring,  breaks  contiict. 
u  tbe  arrangement  shewn  in  the  flguie  one  wire  from  the  batteiy 
Uug  bruuxhc  t«  the  binding  acrew  &,  while  tbe  biudiag  si:row  a  u 
mnsctiMl  with  ttie  other  wire,  putting  down  lliu  bundle  tnakui  L-ouiiec* 
tin  bttwcen  a  and  b,  and  Ihu*  runkes  h  tiirrutit.  By  arntn^'ing  thi!  wins 
[uUi*MV«nil  binding  acre w*  in  ■  ililTan-nt  wny,  the  ranking  contiict  hy 
6[irMnng  thff  bnndla  inny  ho  um.h]  to  nhort  circuit. 

Uu  "  induction  coil,"  Kign.  3  nnd  4,  the  wiro  connecting  the  two 
tleunit  of  ft  battery  is  twiated  nt  some  part  of  its  cour^u  irto  n  close 
■finl,  van«d  the  primary  oil.  I'hiis  in  Fig.  A  the  wire  x'"  connected 
*nli  iha  oi>pper  or  nej^ative  plate  cp.  of  the  battery,  E,  joins  the 
[emuj  coil  pr.  c,  and  then  peawB  on  an  y"',  through  the  •"'  key  "  F, 
bi  Ibe  pokitivo  (line)  plate  i.p.  of  the  buttery.  Over  thid  pritUiLry  cnil, 
bUfHtt  unconnected  vilh  it.  ididm  nnothc'r  coil,  —  \,\vs  ttcoitdary roU,  t.e.  ; 
AtmiUof  tbo  wire  finning  thii  coil,  y  iind  z",  iirc  continutHl  on  iu 
thttmngBmant  illurtrittoil  in  the  figiiru  at  y  und  y,  and  ax  x^  nnd  x, 
imiUmioMa  in  filnctroflns.  If  these  elf^ctrod™  nro  in  contnct  or  con- 
Mdfdwith  condu«ting  materinl,  the  circuit  of  tlie  secondary  coil  is  said 
to  la  (ioMal ;  otherwise  it  ia  open. 

la  Mch  an  arrangement  it  is  found  that  at  the  moment  when 
lixpnaary  circuit  ia  elos«d, —  i.  e.  wheu  the  primary  current  is  "made," 
«  MMoiiary  "  induced  "  current  is,  fur  an  i-xceedinaly  brief  period  of 
6tie,  Ml  np  in  tbe  MOOfulary  eo:l.  Thus  in  Fig.  -  wta-n,  hy  inovinu 
&B"k«y  "  F,  y"'  and  x"'  (previously  nut  in  conni-ction  with' each  othe^ 
■n  piit  into  connretion  and  the  pritimry  currant  thuH  tiindr,  at  that 
IMtnt  a  eunvnt  appmrt  in  thi>  wires  .v"  y  •Ire,  hut  nlmost  i  mined  lately 
6i|fean.  A  similar  almost  instnnlaneons  cnnvnt  is  also  developed 
■Ml  tlie  primary  current  is  "  broken,"  but  not  till .  then.  So  long  as 
tlu  priuiaTy  current  flows  with  uniform  intensity,  no  current  is  induced 
i>  lie  «m«idary  coiL  It  ia  only  when  the  primary  current  ia  either 
B*dr  or  brvkeii.  or  amldonly  variee  in  intennity,  that  a  current  a]ipear« 
ia  tbe  tocondarj-  coil.  In  eiich  caae  the  current  i»  of  very  brief 
donijOB,  gpno  in  an  incLaiit  ulniuat,  nnd  may  therefora  he  apokeii  of  an 
'■•bode,  nn  induclwu  iibock, —  being  callod  a  "  niiiking  shock  "when 
lii  laiiwil  by  tlie  making,  and  a  "  brc«kini;  iihock"  when  it  is  eaum^l 
lb*  bteaking,  of  tb<;  primary  circuit.     Thu  direction  of  the  current 
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WITH   MtTHCLR   ASil  NxiTK. 


I.  Tb*  nulut  chaniLxT  rontniiiind:  the  nnwclc-notvii  prnimrsitloD.  Tha  miucle 
at,  Mippcirtod  by  (lie  ilnmji  '/..  which  firmly  gnwj'o  tl'i'  ''■iil  of  the  (cmiir  /.  i» 
ComKM't  by  moaa<  ul  lUt  S  hcwk  t  and  a  thmul  witli  dm  Icvor  i'.  pliu:oil  bulow 
ih*  BMilin  cliainbcT.  Thr^  uorvo  n,  oilh  the  ponhia  ol  tUc  ijiinal  »ilumn  n'  itllll 
aUkchnl  to  it,  li  plnrnl  fu  tha  clcclrodolioldor  tl,  jii  touUttC  wiih  tbo  wira* 
f,  f.  Th*  whole  □[  ihc  iiiicriir  o(  ihc  kIbh  (^a«  ^1.  ia  ke^  laiDralcil  wiih 
M^Mnre,  and  the  dcclrudp  Imlijpr  i*  >u  cuiiitmctocl  ihni  it  piHc  u[  moiatnicd 
UoUiBj(-pi^r    may   bo  [ilocvd  uu   it  Hithuut  coming  iaii}  cuuioct  with   the 

MtVO. 

I  B.    Tim  NVttlniig  cylinder  bearing  the  imokiMt  paper  on  which  the  lovet  wrilca. 

C,  Dn  BoM-Itej'ni'Hid'R  key  arranged  fur  kIk-fi  cirmiting.  The  wires  t  niid  g  of 
Um  »1«cUod«-huldvr  an  oiinwtisl  tliniii^Ii  biinliug  iicivwa  in  the  flout  of  the 
nM>i*t  diuaber  with  tht-  winn  '',  •/',  huiI  t)iM«  me  wcured  iu  the  koy.  one  oa 
•itlier  wde.  To  the  mine  key  nre  ntUirhcd  the  wires  i^  y"  cumins  fruin  (he 
Mcoadary  cuili  t.  f.  of  ihR  iiidiirliiin-cuil  /'-  Thi«  MNiiTKliuy  mil  can  bo  made  to 
■Ude  op  uid  down  over  il>"  jiriiuary  ciiil  iir.  r..  with  wliicti  iire  couiiM'teil  the  two 
wifea  i"'  knd  if'',  i"'  in  (''•iiiiocteil  Jimctlv  with  mi"  [mli-,  for  irieluiice  the  cupper 
oak  e.  p  lit  the  \Mlivry  A'.  #""  tenurivtltn  a  biiidiii]^  w-ri^w  u  nf  llie  Mun»  kej 
r',  aMil  ia  cuiiiiniivd  a>  y"  Iron)  ajuithoe  liiiidin^  acruw  b  of  tl)«  k«y  to  the  linc 
pote  I'  p-  of  tha  lialierr . 

Snppiaaae  frvrvtlilii^  li^i  l>r  iirnuiK«il,  uiil  the  Iratten'  •;li&r)t«d,  on  dfpreviiii);  the 
kandle  iui,  □(  till."  .'liine  kxy  F,  ^  •-ummt  will   li^  iii»d«  in  IIih  priiriArr  riiil  jir.  c, 
Mfinj^  fr>tn  r.  f.  IhTuujjh  r'"  tij  jir,  r.,  and  thon*^  (hmnirh   r/'"  !<■  tf,  tlnmrv  tn  &, 
|4  •■>  thrxujcti  y"  t<i  :■  ;>.     Ou  r«moviiijc  thn  An^nr  fnini  Iho  hiiiutic  <i(  F,  n  ■[•ring 
,  lluiata  up  Ih*   haiidU,  and   ilia  priiimrt'  ciici^t  i«  in  r:on*i»iiiniira  iiiini»i!Etit*l/ 
-brokaa. 

At  tWt  iiwiaiii  thai  the  primary  current  i*  olther  mftdo  or  broknn,  an  iiidno'd 
e«tm>t  ■•  (or  the  itiatiuit  ddvidugipd  in  the  ancondary  roil  t  e,  U  thit  rniM  Inr  h  in 
tItadM  Eloi**lttlvni<jnd'a  kav  be  raimi  (oa  ahem  in  thn  thick  line  in  lh>  H^nrHl,  tli* 
wirca  x"  i"  z,  the  nrrm  liotwecii  tho  elDCttodea  and  Ihc  wirea  ji.  f',  g"  form  the 
nnnlitrt*  Mcondary  lircnit,  and  the  uorve  ronaeiiiionl]/  cxperienrni  a  Tnakiii^  nr 
broMing  ladnctloD-ihock  whcneier  ihe  primary  curront  ii  mndo  or  bnik<>ii.  tl  th* 
cmM  htt  oi  tht  do  Boia-iteymood'*  ker  be  ahuc  down^  lu  in  the  doited  lEnn  h'  tii  tb« 
Sg«t«,  th*  roaiataucc  uf  the  croni  >iar  la  su  aii);bt  compnrcd  with  that  at  (hn  n*ri^ 
Mi4  ot  tht  wiref  >{oLrkj{  frma  tlie  key  ici  the  uunre,  thi-U  the  wliute  tccondarv  flndni^Pdl 
cmWil  paaam  from  r"  to  g"  (or  tfim  y"  Ui  r"),  alimg  the  crr.ni  bar,  and  practically 
MOM  pnaan  into  the  nerre.  The  nene  being  tana  "  Bnort<irvuited."  ii  not  affeclcd 
hf  BBT  ChUISM  IB  tlw  cun«4it. 

n*  tgnt  i*  iNtmded  nierely  to  illiulratv  the  cennal  method  <•[  atndjlng  muscolu 
eODtnHtkHi;  it  i*  not  to  be  luppiMt"!  that  the  delaila  here  giren  are  nniiemll]' 
HlopCed  or  iaiewl  Uw  I«M  (ot  all  purpuam. 

in  th"  makinfc  'idiock  h  opfKwed  to  that  of  the  primary  oumnt ;  tbna  to 
thn  1igiin>  whiln  thn  primiuy  ourrvnt  flow*  from  fc"'  to  i/"'>  thi)  imitiewl 
nMking  shock  flows  from  ^  to  jr.  Tho  ciirrcnt  of  the  bmnJcing  »liock 
Ob  tbe  other  Iwnd  flows  in  thn  mtii«  (]it«ciinn  na  tho  primitrjr  current 
firoa  X  to  r,  nnd  U  th«rofon  in  dinwtion  th«  rnvcrw  of  lhf>  making 
■buck.  Cumjnro  Fig.  3,  whem  unngomuit  is  shown  in  »  diagnmnutic 
nuuMtr. 

Th«  comnt  from  the  1ntt«i7,  upon  its  fint  entrance  into  the 
prioury  coil,  lui  it  |mmm  along  enob  twist  of  thst  oodJ,  givei  rise  in  the 
iMtighboiiritii:  twinla  of  tha  wme  eoil  to  m  loomontu;  induced  current 
ksring  ft  ilitnction  oppMit«  to  it:i  nwn,  and  thut^fure  tcudiiig  to  WL-uken 
ilHf     It  is  not  until  this   '(elf-iiiduclion'  ba^  ptuaod  off  that  the 
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CUirent  in  the  priimtry  coil  is  establisbed  in  its  full  strength.  Owing 
U>  llii»  <I(^lay  in  the  full  ostablialiment  of  tUe  currant  id  the  primary 
coil,  the  induced  current  in  the  secondary  coil  'u  developed  more  slowlj 


sec.c 


](r^ 


n. 


Pia.i.    DiAOKAK  OP  A.ti  IfrnuonoK  Coil, 

I-  po>ilix-c  polo,  ?iiit  of  nuKSlivii  clmnriit;  —  B^KRtivi-  pole,  md  of  ponltive 
nlcTHont  o(  (jatliTj  ;  K,  (lu  Boin-Rejr  iiioiiU '»  kny ;  pr.  i".  jiriiiiiiry  coil,  ciinvnt  ihown  hj 
(c«liet«l  UTow  i  (r,  c.  Meoadtty  coil,  currciic  thtiwu  hy  iiufvalht-rrU  uruw, 

thaa  it  would  be  wero  no  such  '  self-induction '  preaeat.  On  the  other 
httnd,  when  the  current  trom  the  battery  is  ■  broken,'  ot  '  shut  off'  from 
the  primary  coil,  no  euch  lirlny  is  offeruil  to  its  ilinupjHVLmnco,  and 
consequently  llif  induced  current  in  the  seconikry  coil  is  developed 
with  imitnpciicd  mpidity.  We  shall  eey  later  on  that  n  rapidly  de- 
veloped current  is  more  effective  as  a  stimulus  tliiin  i*  n  more  xlowly 
developed  current.  Heuce  the  making  shock,  where  rapidity  of  prcv 
duction  is  interfered  with  by  the  self- induct  ion  of  the  primary  coil,  ia 
luM  effeotive  aa  n  stiitiulus  than  the  brettklug  shock,  whoso  development 
ia  not  thus  interfered  with. 

The  strength  of  the  induced  current  depends,  on  tlio  one  hand,  on 
the  Ktreiigth  of  the  current  paasiiiH  tliruUKh  thi-  primary  coil,  —  that  i*, 
uii  the  strength  of  the  battery.  It  also  dc|>«nd*  on  the  relative  poiiition 
of  the  two  coils,  ThiiH,  if  a  secondary  Coll  i»  hroiighl  nearer  and  ucariT 
to  the  primary  coil  itnd  mode  to  overliip  it  more  and  more,  the 
induced  onm-iit  becomes  stronger  and  atninger.  though  the  current 
t'rcini  the  batt"--ry  remains  the  snuw.  With  nn  ordinary  buttery,  the 
dopondary  coil  mny  be  pushed  to  auinp  distance  away  from  the  primary 
coil,  and  yet  shocks  sutlieient  to  iliwulatn  n  muscle  will  be  obtained. 
For  this  purpoBo  however  tho  two  coils  should  be  in  the  same  line ; 
when  Iho  secondary  coil  is  plnced  erofts-wiHe,  at  rijjhl  niiRles  to  the 
primary,  m>  inducwl  current  ia  develojied,  and  at  intenncdiata  anglu 
the  induccil  current  has  int*rni«lintc  strengthB. 

When  tho  primary  current  is  lepcatedly  and  npidly  made  and 
broken,  tho  wwondary  current  being  dcvolopinl  with  each  make  and 
with  each  break,  a  rapidly  recurrinR  series  of  alt«rnuting  curnant*  ia 
developed  in  tho  secondary  coil  and  pmrnes  Ihrough  its  olnctrodiw.  Wn 
shall  frequently  speak  of  this  aa  tho  in/cri-i^.fn/  induction  cummt,  or 
more  brioBy  tho  Qiterrupted  current ;  it  is  sometimes  spoken  of  a.i  the 
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faradfoie  eumat,  and  tbe  application  of  it  to  any  tissue  is  spoken  uf  at 
faroiditatiiM. 

Such  a  repeat«d  bmktng  and  makin);  of  the  primary  current  may 
ha  elTvcted  va  man}'  viirinus  ways.  In  tlm  inittriitndnt  cnmnioiily  uai-il 
far  the  puipoM,  the  primary  current  is  nnuio  am)  broken  by  lumn*  of  a 
vibrating  atMl  alip  working  ogninat  a  magnet ;  honcc  thq  inh-truniiint  \% 
caU«d  a  magiiotic  interruptor.    See  Fig.  o. 


i 


Pio.  6.    Taa  H^r.intric  LrrsBBCPTOB. 

Thn  two  wirea  x  and  g  from  \\\v  battery  aro  connected  with  the  two 
bnai  pilhin  a  and  d  by  tn^anu  uf  Hcntwii.  [>in'i-tly  i-ontjict  :»  thii* 
iBiMla,  tbo  ctimnt,  indicutod  in  Ihu  fi^-uni  by  thn  thUk  inti^miptcd  line, 
pa  MM  in  the  direction  of  thu  arrowN,  up  tlio  pillnr  a,  nlotig  tho  stwl 
spring  ^  ■•  br  an  tJio  Kivvr  e,  ttio  pnint  of  which,  Arinod  with  pUtinuiti. 
is  in  contact  with  n  uni^l  platinutn  plitt«  cii  6.  Tho  current  pa«at« 
from  h  tlirough  c  and  n  conncctinK  wiro  into  the  primary  coil  }>,  Upon 
ita  ent«nng  ioto  the  primary  coil,  an  induced  (makiuij)  current  id  for 
the  inaiaut  developed  in  the  tecundary  cuil  (not  ihcwu  in  tho  ri};uK). 
FrocD  the  primary  ooil  p  the  current  poiwii,  by  a  oannwiing  wlru, 
thrnuch  tha  duubl«  apirul  m,  and,  did  nothintt  happen,  would  cuntiniio 
to  pass  from  m  by  a  mnnccting  wire  lo  tho  pillar  (f,  and  an  by  the  wir<> 
jr  ko  (be  batttrry.  The  wholn  uf  this  course  is  indicalod  by  the  thick 
nmnptod  lino  with  iU  arrows. 

As  the  current  however  pasftos  through  the  spirals  m,  the  iron  core* 
of  these  are  made  magnetic  They  in  conseqTi*nco  draw  down  tlm  iron 
bar  t.  filed  at  the  end  of  the  Hpriiij;  6,  the  fleiibility  of  tho  spring 
alkjwiog  this.  But  wIk-h  t  is  drawn  down,  t)i«  platinum  plate  on  the 
Upper  turbine  of  6  is  also  <lmwn  away  from  the  si-n>w  e,  and  thus  the 
carrent  la  "  broken  "  at  h.  (Sometim«i  the  aurvw/  ia  ao  amnged  thst 
when  t  is  dnwn  down  a  pliilinnni  pUte  on  the  undrr  turfat'V  of  6  la 
fanughl  Into  contact  with  the  platinum -armed  point  of  the  screw  f. 
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Tli«  curn>at  then  pnMM  (torn  It  not  to  e  but  to  /,  and  *a  ilown  the 
pillar  (/,  ill  Iho  liitnetioii  iiiilieiitwi  by  thn  thin  iiititmi]Hfi(!  lino,  iumI  out 
lo  liio  battery  by  tbo  wire  if,  nnii  is  thiiH  cut  oK  i'tum  tlio  primary  coil. 
But  tliU  arcaugenient  is  uniiccc-^jary.)  At  tlio  jn^tniit  thnt  th(>  cur- 
rant is  tlius  broken  utiil  so  cut  off  I'roni  ibo  phnmry  coil,  au  induci-d 
(bivttkin^)  current  is  for  the  uiument  developed  in  the  seciiuilary  coil. 
But  lliB  currHivt  ia  fiit  off  not  only  from  tip  primary  coU,  but  iiisi> 
fruin  thu  ft]>imlii  m  ;  in  <Kin«uijU(!ticc-  Ihejr  cores  ceuau  lu  bu  iuagimtisi!il, 
Uio  bar  <  cenacd  lo  bu  attnittcil  by  lljeui,  and  tlid  Hpriu};  b,  by  vJrLiie  of 
its  oluticity,  rMumw  its  forinor  jioiiitiuii  in  contact  witb  tbc  sctch'  c 
This  rotum  of  tbr  spring  liowcvur  ru-cstjibHsltcii  the  cnrrrnt  in  the 
primary  coil  uid  Id  tlin  spiml*,  and  the  spring  is  drawn  tlown,  to  be 
ruleoscd  onco  Dioro  in  thn  satno  manner  iis  before.  Thus  ns  long  na 
the  current  is  pasMiug  along  x,  the  cont.ict  of  6  irilh  r  i^  alternately 
boiutt  made  and  broken,  and  the  current  ia  constantly  paasitig  intu  nnd 
bein;;  itliut  off  from  p.  the  periojB  of  alternation  being  deteraiinud  by 
thu  pL'rioiU  of  vibnilion  of  tbo  spring  b.  With  each  paasoge  of  tho 
ctiTTtut  into,  or  uilhdmivul  from  tfiu  primary  coil,  a»  induced  (niaiting 
and,  twpcclively,  bnwking)  currtint  is  dtivclopcd  in  a  aecondary  coil. 

As  thus  UBod,  each  'mnkiiig  shock,'  as  oxplaiuod  above,  is  less 
powerful  than  the  corrospondiug  '  bn«king  shock ; '  and  indeed  it 
aometimes  happens  that  instead  of  each  make  as  well  as  each  break 
tHting  as  a  stinmlus,  giving  rise  to  a  conlnction,  the  '  breaks'  only  on 
cBcctive,  the  several  '  nntkcs'  (nviog  rlaa  to  no  coutTactiunn. 

By  what  u  known  as  Huluiholtj^s  armugemuut,    Fig.  6,  bowvrer. 


4  '^.\ 


Flo.  ft.  TuK  MiuRsnc  IvTvaBrrrtw  vno  lUuiBoin  iuumbmbxt  lom  BiQCAtr 
■aim  isB  Uakk  asd  Bkkxk  Swocaa. 


Urn  vwkiag  a»d  bntldac  ikocks  nnr  W  aquliad.    For  thi*  parpoM 
tit*  amr  e  u  nind  oat  o(  iMcb  of  um  txaMtmaa*  of  tba  spring  6^  and 
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■  snxlentel;  thick  win  k,  oHaring  a  Rortaio  amouut  only  of  resiatanoe, 
i>  interpoMj  bi)tw«en  the  up|ior  binding  screw  a'  on  tho  pillar  a,  and 
|-tb«  buidiufj  ecnw  e'  leadiu^j  lo  tlio  primary  coil.  Und«r  th««(>  arrange- 
Uh)  currvut  Truin  llie  baltury  p»tiMi3  iliruugh  <i',  alciuij  tliu  inter* 
wire  to  c*,  lhrou){h  Iha  primary  coil  uiiil  thim  aa  bufuni  lo  m. 
before^  by  thu  nia^iiiiiliation  uf  m,  e  ia  ilmwii  iluwn  and  i  bn>nti''t 
IB  cont«rt  with/.  Aa  the  recult  of  tlii*  contact,  itiu  current  fr»m  the 
bmUiety  can  nuw  posn  by  a,/,  uid  (t  (iliuwn  by  itit!  thiti  intprmptoil  liiiu) 
hack  to  tlie  botk-ry  ;  but  not  thu  whole  of  tho  uurrotit,  e<>iii<?  <>f  it  chti 
•till  paas  aliiiia  tin)  wiro  w  to  tlio  primary  coil,  tho  rtilfttivo  amount 
being  del«raiii>ed  by  the  relative  i-esistauces  offered  by  the  two  coureoa. 
Uenee  at  each  aucctativii  Diiiijnv'liiatioii  of  m,  the  uurn-ut  in  the 
primwyeail  doe*  not  entintly  diaappear  wlieii  b  id  bruu^hl  in  contact 
with/,'  it  ia  only  no  Tnr  dimIuiHhL>d  that  m  euusi-a  to  allruct  t,  oud 
banea  by  the  rc-leue  of  b  frum  /  tlie  wluilu  curruiit  uncu  mure  poaus 
along  w.  Since  nt  what  corn.*pr)ndii  lu  the  '  brviik '  llie  current  in 
tin  primary  oil  is  diminished  cnly,  not  nbwliiluly  daP"  away  with, 
•alf-iuduction  makes  its  appearance  at  the  '  bmik '  a«  well  as  nt  tho 
'make;*  thui  thu  'brenking'  and  'iuakin>;'  iiiduci>-j  currents  or  shocks 
in  the  »e«)ndary  cuil  am  e-jiialized.  They  aro  both  reduced  to  the 
iower  efficiency  uf  the  'niakiii-,{'  vboek  in  the  old  armngenieiit ; 
IwDen  tA  proiluco  tho  luunu  stti^if(th  of  slimulua  with  Uiia  arrauiio 
it  a  stmnjinr  curnint  muiit  lie  up|>li(»l  i>r  tlie  m^condtiry  coil  pusliud 
the  primary  coil  tg  n  greater  uxtuut  than  with  the  other  arrBJig»> 


The  Phenomena  of  a  Simple  Muscular  Contraction. 


g  45.  If  the  far  end  of  the  nerve  of  a  musele-nf  rve  pn>pnration 
(FicB,  1  and  8j  Iw  laid  on  electrodes  connected  with  the  secondary 
coif  of  an  iDduction-machiae,  the  passage  of  a  single  induction- 
■liock.  which  mny  be  taken  as  a  convenient  form  of  an  almost  ino- 
meDtar}-  ^tiuiuliis.  will  produce  no  visibtu  change  in  the  nerve,  but 
the  muaclv  will  giv«  a  twitch,  ft  abort,  sbiirp  c^jntmction.  —  i^<'.,will 
for  an  tuntant  RhorCeu  itself,  becoming  thicki.^r  thi;  whik-,  and  tliim 
Kturn  tij  lla  previous  condition.  If  onc^  vnd  of  th<^'  muscle  be  attaclied 
t^  8  lever,  while  the  otiier  is  fixed,  the  l(?ver  will  by  its  movements 
indicate  the  ext«nt  and  duration  of  the  shortening.  If  the  point 
of  the  lever  be  brought  to  bear  ou  some  rapidly  travelling  surface, 
oa  which  it  leaves  a  mark  (being  for  this  purpose  armed  with  a 
,  and  ink  if  the  surfnce  be  plain  paper,  or  with  a  bristle  or 
\j  pointed  piece  of  plutinuio  foil  if  the  surface  be-  sniukod  gla»s 
paper),  so  u>ng  as  llie  mu>tclu  reninins  nt  mvt  lliu  lever  will 
'be  an  even  line,  which  wo  may  call  llie  base  line.  If  how- 
ever the  muscle  shortens,  the  lever  will  ri»e  above  the  base  line 
and  ihos  describe  some  sort  of  curve  above  the  base  line.     Now, 
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it  is  round  that  wla-n  n  s'uxgle  )iiiliicUoD*»hock  in  »«nt  tlimuglt  the 
iitTve  the  twiu^li  wliic^ti  the  iiiu!<cli)  ^ives  enures  the  luv«r  tode- 
8cril)e  Bome  such  curve  ns  that  shewn  in  Fig.  7 ;  the  lever  (nfier  a 
brief  interval  inuiieiliau-lv  succeeding  tlie  opening  or  shutting  the 
key,  of  which  we  shall  8|>eak  presently)  rises  at  first  rapidly  but 
afterwards  more  slowly,  shewing  that  tlu;  muscle  is  correspondingly 
ehortvaiDg,  Uiou  ceases  to  rise,  shewing  that  the  muscle  is  cetisuig 


Fm.  7.    A  MiiacLB^L'KTB  nioM  the  GASTiincTfEtiira  or  tub  Psoo. 


Tliin  t'lirn-.  like  hII  »occi>t'i)iiig  iiiii'n.  iiiiIbm  Hlliiirui-ii  milirnlBi!.  i»  lu  lie  iMd 
from  li'd  t.ii  rii-lit,  —  I  hat  in  ui  »»\,  wliilu  tli«  Irvcr  nml  iiiiiiiiij.fiirli  wiir"  nax'vmuf 
thv  ri^ciinliDg  mirfu'.-'-  wmi  intvi'ltliig  (roiii  ri)(1il  Ui  lult. 

a  iiiilicuttv  iliu  tiiiiiMi'iit  M  wliii'li  tlif  tiiiliii'Cinii-aliork  ia  Mut  iiit»  the  owrve;  ft  Um 
■.'uiuMiuimiiieiil.  r  Lliu  iiiiuiiiiiiiii,  niid  U  t1i«  v-lmv  vt  lliw  I'DUInKCiiiu, 

Betuw  tlic  n)tlw-t■^('unr■  in  (Iw  ciiivu  ilrnnii  by  a  luiiiii^-foTk  iimkiiig  tiMj  diiiibla 
viliritlLuuB  u  nuv'uud,  uiu'li  (.'uldjiIijIj  iiirvu  rv]>reiiuiitmg  tlipruturu  vuvliuuilredth  vt 

a  MK'UllU. 


to  grow  shorter ;  then  descends,  shewing  that  the  muscle  is  length-' 
ening  agnin ;  and  tinnlly.  sooner  or  later,  reaches  and  joins  the  basaj 
line,  shewing  that  the  muscle  after  the  shortening  has  r«.-giiinei]| 
its  previous  natural  lungtli.  Sucli  n  curve  dc«crihud  by  a  lunscli}) 
during  a  twitch  or  .-liuiplc  muscular  ooutnction,  caused  by  a  singld' 
induciiou-sliockortiy  iiiiy  iitherHtimuliJ-s  prmliiciiig  the  same  etTnct,! 
IB  called  a  curve  of  a  .limijle  muscular  contraction  or,  nior«  shortly,, 
a  '■  muscle-curve."  It  is  obvious  that  the  exact  form  of  the  curve' 
described  by  identical  contractions  of  a  muscle  will  depend  on  the 
rapidity  with  which  the  recording  surface  is  travelling.  Thus  if. 
the  surface  bo  travelling  slowly  tho  up-slrokc  cum-siHindinj*  to, 
the  ahortciiiii^  will  ha  very  abrupt  aud  the  dowii-slrukc  also  veryi 
steep,  as  iu  I'"ig  8,  which  is  a  curve  from  a 
gastrucncmiuit  muscle  of  n  fr"g.  tokt-ii  wilb  a 
slowly  moving  drum,  the  tunirig-foik  bi-iiig 
the  t>ani<t  an  tliat  used  in  Fig.  7  ;  indited  with 
a  very  slow  movement,  the  two  may  Iw  hardly 
separable  from  each  other.  On  the  other 
hand,  if  the  surface  travel  very  rapidly  the  — 
curve  may  be  immensely  long  drawn  out.  aa  fHm^mmitmmmmm 
in  Fig.  9,  which  is  a  curve  from  a  gastro-  fio.  9, 

cnemius  mut^clc  vt  a  frujj.  taken  with  a  very 
mpidly   moving   ]^>nduliiui    myograph,  the   tuning-fork    markin 
about  500  vibrations  a  second.     Un  examination,  however,  it  wi 
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he  found  that  both  these  extreme  curv«»  an^  rumla- 
mentally  the  same  as  tlte  medium  one,  wlit^n 
accoant  is  taken  of  thp  difTi^rent  rapidities  of  the 
travelling  surface  in  t)i<;  suvuml  cas«s. 

In  order  to  inako  th«  '  iiiusclv-curvc  *  romp)L-tc, 
it  is  occcsitnry  to  ntnrk  on  tlie  r(>conlin}£  ^lurfucAi  tti« 
«x*ct  tiui«  at  w)ii>^h  the  induclinn-shocK  is  .tent  into 
the  nerv't>,  and  al-tn  to  not«  the  spe«d  at  which  the 
Kcxirdiii(;  tturfacii  is  travelling. 

In  the  pendulum  mj'(i>,'ra|)h  the  rate  of  move- 
ment can  be  calculatml  from  the  length  of  the 
pendulum;  but  even  in  this  it  is  (!u»voni>^nt^  and 
in  Uii'  case  of  the  spring  myograph  and  revolving 
cylindwr  is  necessary,  to  moasure  tlic  rate  of  mov«- 
tiKiol  dtroctl^  by  mvnns  of  n  vibnititi^  tuning-fork 
or  i>t  some  body  vibrating  regulnrly.  Indeed  it  is 
best  to  make  such  a  direct  tneasuremc-ut  with  tioeh 
carve  tliat  is  taken. 

A  tuuing'fork,  as  is  known,  vibrates  so  many 
times  a  second  aoconiing  to  its  pitch.  If  a  tuning- 
fork,  armed  with  a  light  marker  on  one  of  its  prongs 
aud  vibmting  say  lOO  a  second. — -tr,,  executing  a 
double  vibration,  moving  forwards  and  backwards. 
100  tiioesa  second,  —  be  brought  whih-  vibrating  to 
mmko  a  tracing  on  the  n^ron^ling  stirfaco  immedi- 
ately below  thv  lever  bolongiug  to  ihu  muscle,  we 
can  use  the  curve  or  rather  curves  described  by  the 
tuning-fork  to  measure  the  duration  of  any  part  or 
ot  the  whole  of  the  muscle -curi'e.  It  is  essential 
thst  at  starting  the  point  of  the  murker  of  the 
tuning-fork  should  be  «xactly  und>.Tneath  the  marker 
o(  tbt.'  lever,  or  nithvr,  siuco  thu  point  of  the  lever 
ss  it  mores  up  and  down  d<.-j«cnbcs  not  a  straight 
line  but  an  arc  of  a  circle  of  which  its  fulcrum  is 
the  centre  and  itself  (from  the  fukrnm  to  tlio  tip 
of  the  marker)  the  radius,  that  the  point  of  the 
marker  of  the  tuning-fork  should  he  exactly  on 
the  arc  d'-scribed  by  the  marker  of  the  lever,  either 
above  or  b«Iow  it,  as  may  prove  most  convenient. 
If  then  at  sUtrting  the  tuning-fork  marker  be  thus 
on  the  arc  of  the  Ivvcr  marker,  and  we  note  on  the 
curve  of  thft  tnning-fork  the  plaou  wln-rv  the  arc 
of  the  lever  cute  it  nt  Ui<.>  beginning  and  at  the  end 
el  the  muscle-cnrve,  as  at  Ki^:.  7,  we  onn  count  the 
number  of  vibrations  of  the  tuning-fork  which  have 
taken  plnco  between  the  two  marks,  and  so  ascer- 
tain tna  whole  time  of  the  muscle-cur^'e;  if  for 
fasUuKB  tltere  have  been  10  doublo  vibratioiiB,  each 
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Thfl  Hko'"  '■  dingTuniniBCii^.  th(>  PMvnltnlii  unit  uf  tlio  iimtrumcut   hpjnfc  >! 
Tlie  sRioEod  glau  plate  A  twiiiKt  tritli  llie  ppiidulum   H   un   cnrcfullf  ailjnitod 
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tiMriligi  at  C.  Tin  contrivanpM  hy  which  the  f;liiM  pIUc  ran  be  remored  and 
Wpbwd  M  BlMcare  arc  uat  iih«wn-  A  Kcoud  gloH  piatv  m  amtigi<d  [hox  thn 
Im   S^*"  phU*  ■■■*7  ^^  mom)  up  oad  dowu    wilhunl  altering  th«  ■■'■hb  of  iho 

poidiuani  f  ai-t  umittrd.  Bcfurv  coiiiniciii;in|i;  nu  vxpvrituviil  the  p«iiduluin  ■• 
HiMd  np  (Is  llw  flgitre  to  th*  rieht].  aud  l»  kept  in  lh:M  jKHitiou  br  thv  liKith  41 

fMiL  pwuin  into  toe  av  posStimi  tudlriilH  I1;'  tiiu  ilottrd  liiipa.  nuiT  ia  held  in  ili«t 


bf  the  tooth  <i'  cali-hiiiv  im  tijv  calrh  'A  In  lhi>  (imnx  nf  itn  twiii^  Ilia 
tnilli  n*  rriwirn  Intri  r  infnrl  wiln  tlii-  pnijiH'tiii^  *ivkI  rixl  r,  kii^irk*  it  iiu  oim  nids 
taito  tfco  imeilhK  ilidjcattd  liv  the  rjiitud  IIjiv  v',  TUc  rud  r  iji  in  tiloL'trid  rtxitinuily 
wiUl  thr  wirv  z  <if  the  pnmftrjf    ('iiil  uf   AU   1  rid Ui^tii ml- 111:41;  In el«'.       'I'lin  »rn^^'  1/  iM 

Hubrli  in  rieclrii-  tmitiimilv  "illi  the    "in'    </   nf    tlm   mi pruimrv   vin\.     Tho 

r  tf  uid  thi^  rt^l  A  ^n^  Htir»<''l  with  plAtifiam  m  th<i  [njiiitji  in  ivhii'Ii  thtij  Ar(i  iu 
«t,  uid  h'th  Arc  iiinnUlivl  ''V  itituiii'  "t  the  olxiiiiu  biw-k  ■.  A>  inti);  n*  c  xoA  d 
in  CDtttJKt  ihi<  I'in^nit  of  ih<-  primary  r<ril  t<.t  whir^h  f  And  v  l>Gl:>rjAf  in  irloncd. 
When  in  it*  vwin;;  Ili>-  ln-illi  n'  kis»>-ka  r  swav  fniin  •/,  M  thnt  iiiBUuil  iho  rircuic  ia 
tgiakea,  nnd  a  '  lir«ukiiii; '  aliiic'k  in  ■I'lit  thmiijeli  tlix  wlottni-lH  connected  ivith  the 
■Moodnfy  cM  ut  tlm  m:u-tiiit<'.  a':.f  un  tlir  iTi.^h'lIin  iinrvn.  Thn  Imct  /.  Ilio  cud  only 
■(  wUek  tf  tbtwn  in  Ilut  K;;iit<  r  1  t^-nt  un  Iho  kIah  pluto.  aiid  ivhtm  it 

nat  ilMCiibwa  iiiniij(ht  lim^  or  nor'  .  \.ii  [li  itn  nrv  of  a  eirclo  ol  htrKc  radiiu,  Ths 
taBtnc-furli /",  ih*  niul*  nuly  nf  ilia  tnu  limb*  u(  which  arc  abewu  in  (he  flgnn 
[dm  aiT  iamviUMaly  hcliiw  the  Icicr.  (orio*  lo  mark,  the  time. 


oocopyin^  y^  sec,  the  whole  curve  haa  taken  ^  sec.  to  make. 
Ia  tlie  same  way  wo  can  ineaeure  tho  duration  of  the  rise  of  the 
curve  or  of  the  (all,  or  of  iioy  part  of  it. 

Though  thv  tuiiin^'-foTk  niu)',  hy  simply  striking  it,  bo  set 
^tng  loR^  i'nuu<;h  for  iht!  ]>ur)>ose9  of  an  observntiou,  it  ia 
coav«niuiit  to  keep  it  goiug  by  RK^itiis  of  »ii  i-lcutric  current  und 
■  nwguet.  very  much  as  tlie  spring  in  t]>tt  '  innguetic  intetruptor ' 
(Fig.  6)  i*  kept  n<>inji- 

ll  in  not  iiecesHarjr  to  une  an  actual  tuning-fork;  Rtiy  rod, 
armed  with  a  marker,  which  can  bo  made  to  vibmt«  regularly, 
and  whose  time  of  vibration  is  known,  may  be  used  for  the  pur- 
pose ;  thus  a  rwd,  made  to  vibrate  by  a  blast  of  air,  is  sometimes 
muployed. 

The  exact  momont  at  which  the  indnction-Bliock  is  thrown 
into  th«  nvrvu  may  be  recorded  on  the  muscle-curve  by  iniiaus  of 
s  'signal,'  which  may  be  applied  iu  various  ways. 

A  light  stml  Icvnr  nrmm)  with  a  nuirki^r  in  arran^iQd  ov«r  a  bidaII 
Mil  by  iBMBa  of  a  li^hl  upHng  in  Riich  n  wny  thut  irlien  th«  coil  by 
tlw  pMMge  of  a  cnmnt  tiirongh  it  bocomm  a  magnet  it  pulls  the 
lever  down  to  itaelf;  00  the  cnrmnt  being  bniikcn,  and  the  magneti- 
vtien  of  tli«  coil  emainjc  the  levpr  by  lielp'  of  ths  apriii;^  fliaa  up.  The 
narker  of  audi  a  lev«r  ii  placed  immediately  under  (i.e.,  at  eorac  poiat 
on  ibe  are  ilnacribud  hj)  tho  ni«rkt*f  of  the  muscle  (or  other)  Iftver. 
Ibneo  by  ranking  a  cumnt  in  the  cull  and  pultin^  thit  *ij;nid  Invcr 
down,  or  by  hrrjdimg  an  nlrooily  rxtxttng  current,  and  hitting  tho 
aigBsl  hiTer  fly  op,  we  <^nn  m.ikQ  at  plnisitm  a  inarlc  cdrrenponding  to 
any  part  we  pleaM  nf  thn  mtiaclo  (or  othf  r)  ctirve. 

ir  in  onlfrr  to  niagn<!tiM  th«  coil  of  the  ■ignal,  wo  use,  aa  wo  may 

tdo,  the  primary  Rnrront  which  geii«mtM  tb"  i ml ncti on-shock,  the  brf-nk- 

teg  ot  makiiiu  ol  th«  immary  etunut,  wbicbeTer  wa  om  to  produce  th« 
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iti'tiiclio II •shock,  will  iiiako  thn  si^ninl  Inv^r  lly  up  or  voiii«  ilniro. 
Heiii.li  wt)  ahull  liiive  oa  llio  roi^ni'iiiiig  Kiirfiiiin,  uiiiior  tiia  iiiu»cl«,  • 
iiiiirk  indiuiiling  tint  cxni:t  iiionidit  nt  which  Cli'i  prJQiarjr  citri^iit  was 
bixkuii  or  mudo.  Now,  the  linm  Uikcn  up  by  tliB  g«iieration  of  the 
iiiiliicad  curmit.  nriil  its  piiwng«  into  iho  iK-n-e  hctwoen  the  electtodos 
is  so  iiiliniti-aimnlly  sm.ill,  that  we  luny,  without  appnwitible  error,  take 
thv  moment  of  the  breaking  or  muktu^  nf  the  prinmry  ctirn-'iit  na 
the  inoiiient  of  the  eiitrHoee  oS  the  iniliiutioti-iihock  into  thu  nervo. 
Tlius  we  can  mark  below  the  uiUHuio-iMirvL-,  or,  by  deJicnbiiig  thi-  arc  of 
the  muscle  luwr.  on  thu  ujiiduli.-citrvi'  iUulf,  the  exiict  iiioinetit  nt  which 
thu  iuiJu<;lioij-«hi>uk  (u]l*  into  llie  tiervu  butn'oun  the  elei!troiJ<«,  u  iM 
done  M  a  in  t'li.'s,  7,  8,  9. 

Ill  the  p<!nihilum  inyojinvph  a.  sr|innitn  signal  is  not  iieoilcd.  If, 
having  pliicuil  thn  imimihi  h\<-t  in  the  pusittnn  in  wliich  we  iulonfl  to 
tunko  it  rui:.nil,  we  allow  the  glass  plnte  to  Jwcenil  until  the  tiioth  a' 
jtmt  tonnbrs  thr;  rod  e  (so  that  the  roil  is  jiial  ulioiit  to  bu  knotkeil 
ilnwn,  nnJ  so  hrpak  the  primnry  cireuit)  and  make  ou  Ibu  buw  line, 
which  is  lueanwhile  being  ilesuribiMj  by  ihu  luvcr  marker,  a  mark  to 
indicate  where  the  point  of  Ihu  marker  in  nndor  thosu  RircuIU■lnl)Clu^ 
uul  then  bring  back  thu  ]>liili.'  to  itti  jiropiT  pmiition,  thn  mark  wliitli 
W6  have  nimii:  will  murk  thit  momvut  of  tho  blinking  of  thn  primary 
circuit  amt  sn  of  the  entrance  of  th«  induction -shock  into  the  iicrv*. 
For  it  is  JN3t  trhen,  aa  the  glnss  phitc  swings  down,  thn  ninrki^r  of  the 
lever  nnncs  to  the  ninrk  wliicb  \vc  have  made  that  the  rod  e  is  knocke'' 
back  nn<I  the  prinmry  current  is  broken. 
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Fkj.  II.    DiAUKjN  or  AS  AHir.i'<fiKMi:rr  or  *  Vibbatiiso  Trsisn-i'iMW 
WITH  A  UEtrimi  !:*iu:iaL. 

The  current  flow*  along  the  vrin.' /■c'limiM-leil  with  tlin  ixullivo  (+)  pole  or  and 
of  tho  npRnii'o  plaw  <JVrof  llie  Iimiiitv.  ihrcmgh  ih«  iiniiiiii-dirk,  ilonn  ihc  [iln 
ctmnccti'd  with  the  md  of  tile  Iirwtr  j'Ti'iig,  in  (h*  murenrv  in  llic  cup  l/'i.  luid  lo  hy 
a  u'itv  (ihown  in  the  fiuurv  u  a  l>lat-k  line  Iwiit  nt  rijc'lit  uiikW)  to  tho  Lindiuir 
■crew  r.  From  thiR  hiiiiliiig  (htcw  part  ii[  the  ciirniiii  llnw*  tlirciagh  iho  cuul  <I 
Wtwvcn  the  proiiipi  <•!  the  tnirinu  fi'rk,  aixl  Ihcticn  hj'  tho  wire  r  to  tho  binding 
wrcw  II.  M-hlfn  srmther  part  Hon™  tdronj-h  Iho  wlrn  '/,  lhroa;tk  the  ceil  '■(  tha 
DoprCf  -iKoal  hw-k  tiy  the  viira  b,  Cn  (he  lilti(lln|[  vrow  n.  From  the  hinilin^ 
(MTwiv  II  tliri  i-«rfwiit  jipttnttt  iuick  to  thii  iwigativn  (- I  p->lo  or  pud  "f  the  waitivtt 
•-tciiiKiii  (/'J  lit  llic  hntterj.  An  thn  cnrrniit  llriw«  thrmiffh  Iho  coil  <A  the  I>''i>pTes 
sIlEnnl  tifia  y  to  ^.  (h«  core  of  coil  hocomiii)[  nugnetizwl  ilnwn  to  it  the  ninrkor  of 
the  (ignal.  A*  the  cnmnt  Down  Ihronjih  tho  coil  it.  thn  mr*  "f  that  I'oil.  elro 
bocmning  maKiiMiied.  draw*  up  the  Iubot  pronE  of  the  fork.  Bat  lh«  pin  U  *o 
■djOKtcd  thnt  Ihc  Jmwlnitiiii  of  tke  j.nmK  litl*  iho  poiot  of  tho  pin  ,>ul  of  th« 
meTcnry.  In  cotisoqnenee.  the  turroiil,  hi-ing  llins  hnikee  at  //y.  (Iinr»  iinlihnr 
ihr<.nf!h  rf  nor  throngh  the  IlMprc*  stgnnl.  In  TOii»Ma«ii».  ihn  .-..re  ol  the  IXwproi 
tbtu  Mating  (o  be  ougiMtiMd,  the  marker  lllee  Uok,  Utng  tuutUlj-  mmmmI  by  a 
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nriii(  (not  •hewn  in  thu  Agurc),  Bat.  iu  cuuspqnoiiK  uf  the  rurrent  reanng  to  flow 
■tfONB^  rf,  ibe  care  of  </  nanci  to  liFl  up  tliv  |>ruii{;.  nuii  tlic  jiiii.  iii  liii-  dcscoot  of 
Iba  pnuMg.  tiMkea  mntai-t  uni-i>  nmn)  will)  lli«  lii«it-ury.  Tliv  rv^ttnljliihiiiviil  of  tliv 
EMHrbawBTcr. ' 


.  uacf  inure  m-ling  iiu  Ihu  Iwo  •.'uil".  agixhi  |jiillii  ii{h>ii  iIiv  niiirkvr  of 
tfca  ■■'f™'  acil  Bguiii,  l>y  iiiaiciiPtiiiii);  llio  cura  nS  d,  |iiill>  ii|<  iliu  |>r>iiu  uiil  I'Uru 
WebrMli*  thu  ciitrvuC.  Tlio*  llw  i-iitn<ii(  i«  cuiiiliiiialU  iiiiuin  hiuI  lirukvii,  tl)i> 
npidily  uf  tlia  iiitrrrii|iliiiii*  liviiii;  ■tuli'riiiiiiiMl  liy  llic  titinilimi  iHTiii'lti  of  tin.' 
tBdia^fork.  auil  the  Ivvwr  "t  il>«  (iguaJ  niliig  uiil  (ullinj;  t^ucbcuuuiutt/  wiiti  tliu 
aurannaU  of  tbti  tuiiiiig*(urk. 

A  'aignal'  like  the  nb<:>v«,  in  an  impritveil  runn  known  tis  De.spivz'a, 
awy  be  uwj  als<)  to  roconl  tiiu9,  and  tliua  the  awkwardness  of  bringing' 
■  hajga  tuutiitj<f<irk  up  tu  l)i«  re<:^>rOi[|;,'  aurfiu»j  ubviatod.  For  this  |)U^ 
poaa  tilt)  N;;iml  i.i  ijitrodiicud  iiit*)  u  i^rvuit,  tlie  curreut  uf  which  is 
continaally  U<-iri>i  niiulu  und  brokuii  by  a  tuiiinK-furk  (Fi^.  10),  Thu 
tnainff-fork,  oHcn  fit  vjiirnting,  (.'ontinuca  to  tiiaku  and  bivak  the  current 
at  Mtch  of  its  vibmtiiiiis,  ami,  as  statud  nbuvi-,  is  \lv\A  vibrutinK  by  the 
cnmnt.  But  each  innko  or  break  caiisml  by  tho  tiiiiiii^-fiirk  alTni-ts 
>lao  tho  small  cuil  of  the  signal.  cAUAitig  tbo  levor  nf  l!io  signal  to  tiill 
dowQ  or  fly  up.  Thus  the  signal  dt«crib«a  vibration  curves  SJU''h^1|loua 
with  thciie  of  thu  tuuiii-^-firlc  driving;  it.  The  nijjntil  may  similarly  be 
worked  by  menm  uf  vibmtiiig  agenta  other  thun  a  tuuiii-^-f<irk. 

VaHuu*  rouotdiii;;  vAtiacm  may  b«  usi-d.  The  furin  mont  gunorully 
tueful  in  a  cylinder  mruml  with  tmokwl  [»por,  and  m^uln  to  rvvolvn  by 
clockwork  oroUwrwiwi;  such  a  cylimlcr  driven  by  Rbickwnrk  is  nhewn 
in  Fig.  3,  B.  By  uaing  a  cylinder  of  largu  milins  with  ndtx^uadi  giuiv, 
a  higb  ttpo»l,  some  inches  for  instance  in  a  second,  can  bo  ubtiiined.  In 
t)to  *priii^  myo-jraitk  a  Bmukcd  glruia  plate  is  thrust  rapidly  forward 
along  a  groove,  by  iiio.aiia  ■>f  a  spring;  Btnldfidy  thrown  into  action.  In 
tba  pauUtum  myj^r'i/it,  F'ta.  9,  s  sinukMl  n\iitt  ])la(u  attachwl  to  thu 
lower  end  of  a  h>ri^;  friim<!.  nwinsi'iK  lik(?  it  pmnlulmn.  i*  muddunly  let  k" 
at  a  certain  hd^'ht,  am)  ko  iwtiii;)!  rapidly  through  an  are  of  a  rimlu. 
TIm)  disidviintJi?u  of  thi-  la«t  two  mctliiHU  i4  thnt  the  siirTicn  trnvrU  nt 
a  ciintinnally  chan',iiut;  nU;  wlinreiis,  in  tli«  tvvolving  cylindor,  cnivful 
aonttractiuo  aDil  adjnattunnt  will  *ncun<<  a  very  uniform  mt«. 


§  46.  Having  thus  obtaiucil  a.  time  record,  nnd  an  iiidicntiaD 
af  tae  usact  moment  at  wtiicli  the  indtictioTi-shock  IeIIb  into  the 
nerve,  we  may  for  present  purposes  consider  the  muscle-curve 
oomplete.  The  study  o[  such  a  curvs,  as  for  in.itance  that  shewa 
in  fig.  7.  tAken  from  tbe  gastrocnemius  of  a  frog,  teachos  us  the 
following;  (acts :  — 

1,  That  »Illioii(;h  the  pnxsn^e  of  the  induced  current  fnim 
•lectrode  to  eWlnHle  i-?  praitically  instnntjinrous,  its  effect,  mens- 
nred  from  the  entrance  of  the  shock  into  the  nerve  to  the  ttitnm 
□(  the  mDHCle  to  ita  natural  length  after  the  shortening,  Cakea 
an  appreciable  time.  In  the  %are.  the  whole  carve  from  a  to  e^ 
takes  up  aboot  the  same  time  aa  eleven  double  vibrations  of  the 
U)niu){-fork.  Since  each  double  vibration  here  represents  100th  of 
a  second,  tbe  duration  of  the  whole  curve  is  tather  more  than 
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2.  In  tlie  first  jiortion  of  thia  period,  from  fl  to  5,  there  ia  no 
risible  obtugv,  uo  mJsiiig  uf  the  levi>r,  no  sliorteiiing  of  the  muscle. 

Su  It  is  uot  uiiUl  h  —  that  is  to  sn.v.  n(t<^r  the  lapse  of  about 
Jj  8ISC,  —  that  the  shortening  hpgJDs,  The  shoitvniog  as  shewn 
\>y  the  curve  is  at  first  slow,  but  smiu  hoiouR's  nion;  rapid,  and 
then  slaeken.s  again  until  it  reaches  a  maximum  at  c  ;  tbu  wholu 
shorteiiing  occupying  rather  mort;  than  jjj;''^'^- 

4,  Arrived  at  the  maximum  of  shortening,  the  muscle  at  once 
begins  to  relax,  thu  I«ver  descending  at  first  slowly,  then  more 
rapidly,  and  at  iaift  mure  slowly  again,  until  at  d  the  muscle  haa 
regained  its  iiuluml  length ;  the  whole  return  from  the  maximum 
of  oontnictioii  to  the  natural  length  occupying  rathi-r  more  than 

Tlius  a  simple  muscular  contmction,  a  simple  spnsm  or  twitch, 
producrd  by  a  momentary  stimulus,  such  as  a  single  iuducliou- 
$hock,  consists  of  three  main  [aliases :  — 

1.  A  phase  antecedent  to  any  visible  alteration  in  the  muscle. 
This  phase,  during  which  invisible  prepamtorv-  changes  are  taking 
pUce  in  the  nerve  and  muscle,  is  called  the  '  latent  period.' 

2.  A  phss«  of  shortening,  or,  in  the  more  strict  meaning  of 
the  word,  contraction. 

3.  A  phatbc  of  R'luxation  or  return  to  the  original  length. 

In  the  cns«  vre  are  considering,  the  electnxles  are  suppo««d 
to  be  applied  to  the  nerve  at  some  distance  from  the  muscle. 
C<Mis*q»ent1y  the  latent  period  of  the  curi-e  comprises  not  only 
the  pK-jmratorj-  actions  which  may  be  going  on  in  the  muscle 
itself,  but  also  the  changes  necessary  to  conduct  the  immediate 
effect  of  the  induction-shock,  from  lh«  part  of  ihc  Dfr\'o  between 
the  electrodes  along  a  considerable  length  of  nerve  down  to  the 
muscle.  It  is  obvious  tltat  these  latter  changes  might  be  climi* 
natcd  by  plociug  the  electrodes  on  the  muscle  itself,  or  on  the 
nerve  close  to  the  muscle.  If  this  were  done,  tJie  muscle  and 
lever  being  exactly  as  before,  and  care  were  taken  that  the 
indaction-shock  entered  into  the  nerve  at  the  new  spot,  at  the 
moment  when  the  )>oiiit  of  tbe  lover  luul  reached  exactly  the  same 
point  of  the  travelling  surfaice  as  Ixrfore,  two  curve*  would  bo 
gained  having  the  relations  s)tew»  in  Fig-  li.  The  two  carves 
ivsemble  eocli  other  in  almost  all  points,  except  that  in  the  cDrv« 
taken  with  tlte  shorter  piece  of  nerve,  the  latent  period,  the 
dtsUnoe  «  to  l  as  cotuparM  with  the  distance  n  to  b'  is  shortened : 
Uw  eontraction  begins  rather  earlier.  A  study  of  the  tn'o  curves 
leaches  ns  the  following  two  facts :  — 

1.  Shifting  the  electrodes  fiwrn  a  point  o(  the  nerve  at  some 
distance  from  the  muscle  to  a  point  of  the  nerve  close  to  the 
muscle,  has  only  shortened  tfa«  latent  period  a  ^-ery  littlei.  Even 
when  a  very  long  piece  of  nerve  is  taken,  the  difference  in  the  two 
carves  is  very  small,  and,  imlMd,  in  order  that  it  may  be  clearly 
ncogniwd  or  measiued,  the  tnveUing  surfaoe  must  b«  iB»de  to 
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invel  very  rapidly.    It  is  obvious,  therefore,  that  by  far  the  greater 
put  of  tlie  latent  period  is  talteii  up  by  chaiigeii  iu  the  muscle 


yio.  IS.    CVBTS*  rLLcanitTttcii  trc  HmMrBKHsiit  or  tbb  Tsiocitt  or  x 

Nkuvolb  lurllLiia. 

TheMiae  miucla-nerronrepanitioD  uitimalalNl  (1)  m  tar  at  pomiblc  from  the 
MOkIo,  (1)  k*  iinai  M  paMLible  to  tli«  imuvlo  i  bulb  contract Ioub  arc  rvgutcrcd  in 

lit  (l|.  the  itiinulu*  oaten  lliv  nerve  >l  the  time  iii'Iimtpil  )>y  ihv  line  i.  tijc  ccdi' 
tmMJMt  bwliM  at  i/;  iho  nhulf  latent  ]viii>il  tliiTefon*  i>  iuilicHtviI  by  lliv  tliotuice 
bom  a  to  f. 

la  (9).  the  itimnluit  enten  tliv  nerre  al  eiArtly  tliu  nanio  tiiiiM  <i .-  the  <.'<>DlnirtiQii 
lM|[lnfl  M  A.-  the  latent  perUiil  Ihen-fute  w  iixliruiHl  Ut  tiio  •liatuni'i'  Wtui'm  n  jiiiil  h 

Tht  tinw  Uken  up  Iit  the  uervimn  in>]iul*e  iii  iii»''iug  al<M>i;  the  lmi|;ili  nf  uvrto 
ImIbiMi  1  ■»■!  )  ii  then^dire  iutlirslM  I'V  lli»  ili>tiuii'i>  IxIwokii '>  anil  l>',  wliit'li  ttittjr 
be  inwwilllt  br  the  luuiiif;-f'>rk  i-iir*v  lu'liiw  -  caiiIi  ilouliln  vitirutlou  i>l  lliu  tuning- 
tefc  MWiipBinai  U>  i|(  vr  4X>»3  RW. 

itself,  chanffes  iiiit«ocdcDt  to  tha  sliortening  becoiiiiti^'  actually 
viiiiblfi.  Of  course,  even  when  the  elt-ctrodei*  are  jiliioi' d  ciuw;  to 
tht;  musclu,  the  Intent  period  includes  the  changes  going  on  in  chu 
short  piece  of  nerve  still  tying  Ix^tween  the  electruiles  and  the 
mascaLar  fibres.  To  utiminate  this  with  a  view  of  determining 
the  latent  period  in  the  tnuscls  itstdf,  the  electrodes  might  be 
placed  directly  oti  the  miuolu  poisoned  with  urari  If  this  were 
doae,  it  would  bo  found  that  thv  littvat  period  reioained  about  the 
■une,  — tliat  is  to  sny,  tJiat  in  all  caws  thu  Intent  period  is  chiefly 
takeo  up  by  changes  tu  the  muscular  as  distinguished  from  the 
nervous  eh^im'Tit-i. 

2.  Snc)i  difference  na  does  exist  between  the  two  curves  in 
tbt  figure,  indicates  the  time  taken  up  by  the  propagation,  along 
the  piece  of  nerve,  of  the  changes  set  up  at  the  far  end  of  the  nerve 
bj  the  indiKtion-abock.  Tht-ws  changes  we  have  already  spoken 
of  u  OQDstiluting  a  uurvous  impulse;  and  the  above  oxpcrimont 
■hews  that  it  takrs  a  small  but  yi-t  distinctly  appreciable  time 
tor  a  nervou*  inipuW  to  ttnvol  ahiu);  n  nervi;.  In  the  fij;tir«  the 
differetioe  tietwt^n  the  two  latent  (ii^-nixli*,  the  distance  lielwm^n  h 
and  I/,  .leems  almost  too  small  to  measure  accurately;  but  if  a 
long  piece  of  nerve  be  used  for  the  experiment,  and  the  recording 
■ur^oe  be  made  to  travel  very  fast,  the  diflWrence  between  the 
dniation  of  the  Utant  period  when  the  induction-shock  is  sent  in 
at  a  point  close  to  the  muscle,  and  that  whi.-u  it  is  sent  in  at  a 
point  oa  fiuaway  as  poesiblu  from  ihtr  muscle,  nay  be  satisfactorily 
■laannKl  in  fractions  ot  a  second.     If  the  length  of  nerve  between 
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the  two  points  be  accnrflt«ly  mfasured.  the  rat«  at  which  a  nervooa 
iiuptilae  travels  nlont,'  the  iii:rvu  to  n  muscle  cnu  thus  be  easily 
calculated.  This  lias  be^n  fnuiid  tu  be  in  the  fru^  about  28,  and 
in  man  about  33  metres  per  seeond,  but  varies  coiisidenibl)-, 
especially  iii  wnnn-lilooded  aniniala. 

Thus  when  a  luonientnry  Btiiiiuhia,  such  as  a  single  indnction- 
»h<«:k,  is  Bent  iiit<j  a  nerve  connected  with  a  muftcle,  the  foUowinfi 
evenu  take  place:  a  nervous  impulse  is  started  in  the  nerve,  ami 
this  travelling  down  to  the  muscle  produces  in  the  muscle  first  the 
invisible  changes  which  occupy  the  Intent  jicriod.  secondly  tho 
changes  which  briiit;  about  the  visiblit  short^inin^  or  contraction 
proper,  and  ttiirdly  the  ibaiifrcs  which  bring  abitut  the  ndiixmioii 
and  Tvturii  to  thi;  ori|;inal  k-ii^tli.  The  clmn)>es  taking  pliic«  in 
these  several  phases  are  clianRcs  of  living  matter:  they  vary  with 
the  ci>ndition  of  the  living  substance  of  the  muscle,  and  only  take 
place  so  long  as  the  muscle  is  abve.  Though  the  relaxation  which 
brings  back  the  muscle  to  it.t  original  Ien<;th  is  assisted  by  the 
muscle  being  loaded  with  a  weight,  or  otherwise  utrelched.  this  is 
not  CMential  W  lhi>  actual  relatation,  and  with  the  same  load  tho 
return  will  vary  according  to  the  condition  of  the  uiuscle ;  llie 
relaxation  must  be  considered  as  an  essential  part  of  the  whole 
contraction,  no  less  than  the  shortening  itself. 

§  47.  Not  only,  us  we  simll  see  later  On.  does  the  whole  con- 
traction vary  in  extent  and  ebaraclvr  according  to  the  condition  oE 
the  muscle,  the  strength  of  the  ind  action -i«bock,  the  load  which  the 
louscle  is  Iwariiig,  and  various  aitendant  cirou instances,  but  the 
throe  phase*  may  vary  independently.  The  latent  period  may  be 
longer  or  shorter,  the  shortening  may  take  a  longer  or  !<hort«r 
^m«  to  reach  the  same  height,  and  esiiecially  the  relaxation  may 
be  alow  or  rapid,  eomplett-  or  iuiiierfitct  Even  when  the  same 
strength  of  induction -shock  is  uwd,  the  contmction  may  be  short 
and  sharp,  or  verj-  long  drawn  out.  so  that  the  curves  described  on 
a  recording  surface,  travelling  at  the  same  rate  in  the  two  cases, 
appear  very  different ;  and.  under  certain  circumstance^,  an  when  a 
muscle  is  fatigued,  the  relaxation,  more  pnrticularlv  the  last  imrt 
of  it,  may  be  so  slow,  that  it  may  be  several  seconds  before  the 
muscle  really  regains  it«  original  lengtlu  We  may  add  that  the 
latent  period,  which  in  an  ordinnnr  exiN>rinienl  on  h  frn;'s  gastro- 
cnemius is  90  conspicuous,  may,  under  certain  cin'tirustances.  be  so 
shortened  tts  almost,  if  not  wholly,  to  disappear.  Indei-d,  it  is 
mainlaineil  by  some  that  the  occurr«>nco  of  uie  latent  period  is 
not  an  essential  feature  of  the  whole  act 

Hence,  if  we  say  that  the  duration  of  a  simple  muscular  con- 
traction of  the  gn«liMCuemtils  of  a  frog  uuibtrordinaryciri'umstances 
it<  alMjut  1^  aee.,  "f  whieh  y  („  i«  taken  up  by  the  latent  J^riod.  jjj 
by  the  contraction,  and  ^^g  by  tlwwlaxation.  these  niHsl  bo  taken 
A8  'round  nuiuln'rv,*  states!  so  a^  In  U*  »<«*ily  ivmendwred.  Tlio 
duration  of  each  I'liftse  as  well  as  of  the  whole  cuutractiou  varies  in 
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diflSuvnl  aDiinnls,  in  different  mnscles  of  the  same  animal,  and  in 
the  same  niu^i^U'  ihkI't  dtfTt'K^iil  mnditionii. 

The  iDUJtcIe-cuire  which  we  have  been  diitcus-sin)^  is  a  rurveof 
changes  in  the  lensth  only  of  the  muscle  ;  hut  if  th<^  iiiu»cle,  iiisC<;ad 
of  being  su!>]Ji>nded,  were  laid  Hat  on  a  glass  iilnte,  and  a  lever  laid 
civer  ita  belly,  we  should  find,  upon  sending  an  induction-shock 
into  the  nerve,  thnt  lh«  levor  was  raised,  shewing  Uiat  the  muscle 
during  the  coatrnclion  b«*eauie  thicker.  And  if  wo  touk  u  gnipliic 
TV4:ord  of  the  moveuKMiU  of  tlie  lever,  we  should  uhtain  u  curve 
wry  simihir  lo  the  one  just  diitcussed;  afu*r  a  latent  imrUxl  the 
li^ver  wiiuhl  rise,  shewing  that  the  muscle  wa.<t  gt^Uiiig  thicker, and 
afterwards  would  fall,  shewing  that  the  muscle  wns  becoming  thin 

I  again.  In  other  words,  in  contmctioQ  the  lessening  of  the  muscle 
lengthwise  is  accompanied  by  uu  increase  crosswise ;  indeed. as  we 
ahiJl  see  later  on.  tht-  musclu  in  contracting  is  not  diminished  in 

I  bulk  at  all  (or  only  to  au  exceedingly  suiull  exti-ut.  about  Tuijnj  «f 

'lU  tola)  hulk),  hut  mak«s  up  for  its  diminution   in  lengtlk  hy 
ienift«ing  in  i\»  other  diameters. 

§  48.  A  single  induction-shock  is,  as  we  have  said,  the  most 
convenient  form  of  stimulus  for  producing  a  simple  muscular  con- 
traction, but  this  may  also  be  obtained  by  other  stimuli,  provided 
that  these  are  suOiciently  sudden  and  short  in  their  action,  as,  for 
instance,  by  a  prick  of.  or  sharp  blow  on,  the  nerve  or  muscle.  For 
the  production  of  a  single,  simple  muscular  oontniclion.  th<;  changes 
in  the  nerve  loading  to  the  muscle  must  be  of  $uch  n  kind  as  to 
c^netitulw  what  may  hv  utlleil  a  single  nen'ous  impulse,  and  any 
Btimulus  which  will  evoke  a  single  nervous  impulse  only  may  be 

tvaad  to  produce  a  simple  muscular  contraction. 

.As  a  rule,  however,  moat  stimuli  other  than  single  indnctiOD* 
shocks  tend  to  produce  in  a  nerve  several  nervous  impulses,  and, 
afl  we  shall  see.  the  nervous  impulses  which  issue  from  the  central 
nervous  system,  and  so  pass  along  nerves  U>  muscles,  are,  as  a  rule, 
not  single  and  simple,  hut  complex.  Hence,  as  a  matter  of  fact, 
a  aimph;  mtiscuhir  contraction  is  within  the  living  body  a  com- 
pantivuly  rare  event  (at  lfa-'<t  ast  far  a.-<  the  skoletitl  muscles  are 
eoocented,)  and  cannot  easily  V)e  produced  outsidi^  tlie  body  other- 
wise than  by  a  single  induction -shock.     The  ordinary  form  of 

[mucalarcontraction  is  not  a  simple  muscular  contraction,  but  the 
tnore  complex  form  known  as  a  tetanic  contraction,  to  the  study 
of  which  'We  must  now  turn. 


Tttanie  Contrnetuns. 


If  a  sing1«  induction-shock  he  followed  at  a  certain 
interval  by  a  si-cnud  shi^k  iff  tho  »inie  strength,  the  Brst  simplu 
conltKCtioa  will  be  followed  by  «  a^coud  simple  coutractiou,  both 
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coutxactioDs  being  separate  nnd  distinct;  and,  if  the  shockn  be 
repeated,  a  series  nf  rfiytLmicnlly-rcciuring.  separate,  simple  con- 
tractions may  be  obtained.  If,  howcvur,  the  interval  between  two 
shocks  be  made  short,  —  if,  for  instance,  it  be  mude  only  just  long 
enough  to  allow  the  first  contraction  to  have  passed  its  uiaxiDiutn 
before  the  latent  period  of  the  second  in  over,  —  the  curves  of  the 
two  contractions  will  bear  some  such  relation  to  each  other  sua 
that  shewn  in  Fig.  18.  It  will  be  observed  that  the  second  curve 
is  almost  in  nil  resjiects  like  the  first,  except  that  it  starts,  so  to 
Bpeak.  from  the  first  curve  instead  of  from  the  base-line.  The 
second  nervous  impulse  has  act^id  on  the  already  contracted 
muscle,  and  made  it  contract  again  just  as  it  would  have  done  if 
there  had  been  no  first  impulse,  and  the  muscle  bad  been  nt  rest. 
The  two  contractionB  are  added  together,  and  the  lever  is  raised 
nearly  double  the  height  it  would  have  been  by  either  alone-  If 
in  the  same  way  a  thu-d  shock  follows  the  second  at  a  snfiicieutly 
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Pio,  IS.    Tkaciho  or  a  Douhlb  Miiscle^cchti. 

While  the  iim*rlp  ((twtnK^iHiiiiirii' i>f  tme)  wiw  I'licHi-p.i  in  the  fln>t  cfntrjction 
(whuM  ti>in|ilKli-  rolirMi,  lioil  imlliliij;  tiiturti'iiorl,  ia  imli-iiti'i!  Iiv  tli<<  •]<.>[tfiit  liuv).  h 
MCDDil  iriitiirliiiri-iitiia-k  wm  llirnwii  in,  nt  niicli  ■  ilmo  that  llii>  HOiixxt  ('(■iitnu.'linti 
began  JUKI  iiK  thf>  Hn>i  iviu  lio^ititiiiig  to  dorline.  Thn  winiiid  ciirvD  i*  Men  to  MMt 
(rum  tli(<  Ur»t,  iw  <I»I4  tin-  finl  from  lh»  hntp-llue. 

short  interval,  a  tbinl  curve  is  piled  on  the  t«p  of  the  second  ;  the 
9Bine  with  a  fourth,  and  so  on.  A  more  or  less  simitar  result 
would  occur  if  the  second  contraction  began  at  another  phase 
of  the  first  The  combined  eftect  is,  of  course,  greatest  when 
the  second  contraction  begins  at  the  maximum  of  ttie  first,  being 
less  both  before  and  nfterwurds. 

Hence,  the  result  of  a  repetition  of  shocks  will  dejK^nd  Imrgely 
on  the  rate  of  repetitiou.  If,  as  in  Fig.  14,  the  sliockK  follow  each 
other  so  slowly  that  one  contraction  is  over,  or  almost  over,  before 
the  next  befrins,  each  contraction  will  be  distinct,  or  nearly  distinct, 
and  there  will  be  little  or  no  combined  effect. 


Fra.  H.    MinKiK«iniTS.    SntOLS  IinnjCTiOH-tnncK  ntPKXTKD  auywvr. 
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In  each  of  tliese  thre«  curves  it  will  he  noticetl  that  the 
chirncttfr  of  th«  curve  clianeeii  somewliat  iltiriiifr  it*  ilcvehipment 
The  cliatige  is  the  result  of  comniencitig  fatigue,  caused  by  the 
npetition  of  the  coutractions,  the  fatigue  tnanifeatiug  itsolf  by  an 

icreaaing  prolongation  uf  each  contraccion.  shewn  especitillj  in  n 
delay  of  lefaxation,  and  by  an  incivasing  diminution  in  the  height 
of  the  con  tract  iun.  Thus  in  Fig.  14  the  contr»cttuii»,  <]uit<?  distinct 
at  first,  become  fused  lat«r ;  th<;  fifth  cmitnictioii,  for  insUince,  is 
[iroIoag<M)  so  that  the  itixth  iK'giuM  In^fure  the  lever  has  reached 
the  baM  liue ;  yet  the  summit  of  the  <iixth  is  hardly  higher  than 
the  sammitof  the  Bfth,  since  the  sixth,  though  starting  at  a  higher 

ivcl,  is  a  somewhat  weaker  contraction,  iio,  also,  in  Fig.  15,  the 
lever  rises  rapidly  at  first,  hut  more  slowly  nftvrwards. owing  to  an 
increasing  diroination  in  tht-  height  of  the  single  contractions.  In 
Fig.  16  the  increna-nt  of  Titv  of  the  ctirve  due  to  each  contraction 
dtnuDishes  very  rapidly,  and  tltougli  tiie  lever  does  continue  to 
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rise  duriHf;  the  whole  series,  tlio  ascent,  attcr  about  the  sixth 
coiitmction,  is  very  gniduHl  indwii,  ami  the  tudicatioiis  of  the 
individua]  contracliniiti  are  much  less  marked  thati  at  first. 

Jleiice.  when  shocks  are  repealed  with  sutticieut  rapidity,  it 
results  that,  after  a  certain  uuuiber  of  shocks,  the  succeeding 
impulses  do  Dot  cause  any  further  shorleninR  of  the  muscle,  any 
further  niising  of  the  luvor,  but  merely  keep  up  the  contraction 
Already  existing,'.  TI16  curve  thus  reuehe^  a  maximum,  which  it 
maintains,  subject  to  the  depressing  elt'eets  af  exhaustion,  «o  long 
as  the  shocks  are  re|tealed.  When  these  cease  to  be  given,  tho 
muscle  returns  to  ita  natural  length. 

Wlieii  the  shocks  succeed  each  other  still  more  rapidly  than 
in  Fig-  16.  the  individual  contractions,  visible  at  first,  may  become 
fused  together  and  wholly  lost  to  view  in  tho  latter  part  of  tho 
curve.  When  the  shocks  succeed  each  other  still  more  rapidly 
(tlie  svcwiid  contraction  beginning  iu  the  ascending  portion  of 
the  first),  it  l>ecoine3  diitieult  or  iinpos.<iible  to  trace  out  any  of 
the  single  coiitraction.s.'  Tiie  curve  then  described  by  the  lever 
is  of  the  kind  shewn  in  Fig.  17,  where  the  primary  current  of  an 


Flo.  II.    Trr*)oi»  pnonrrM)  with  tik  oiibhhkt  Ma'ixeiio  tHTKnnrrrox  o»  am 
ilciHiCTIOK.»*c»li!tB.     IRKvnIiiig  mrfftti?  tni»pUing  iluwly.J 

Tlin  Iniorraptvd  ciutbucm  ttrntim  in  mt  a. 

induction -machine  was  rapidly  made  und  broken  by  the  magnetic 
interrupter.  Fig.  4.  Tlie  lever,  it  will  be  obw-rvod.  rises  at  a  (the 
recording  surface  is  travelling  t*»o  slowly  to  allow  the  Intent  iwrind 
to  be  distinguished),  at  first  very  rapidly.  —  in  fact,  in  an  unbroken 
and  almost  a  vertical  line.  —  and  so  very  8t)eedily  reaches  the  maxi- 
inum.  which  is  maintained  so  long  a.*  the  shocks  continue  to  be 
given ;  when  theje  cease  to  be  given,  the  curve  descends,  at  first 
very  rapidly,  and  then  more  and  more  (i»dually  towards  the  base 
line,  which  it  reaches  jnst  at  the  end  of  the  figure. 

This  coiiilition  of  muscle,  brought  about  by  rapidly  rcjieated 
shocks,  this   fusion   of  a   number  of   simple   twitches   into   bd 

I  Thp  rxw  with  nhii-))  (hn  itiitMdniil  oiiitrartlniu  ran  b*  Mnda  OOt  d«fiMila  h 
pMt,  ltn«s4  hiiriilj  be  »«iJ,<»iiUni  r»pi<liij  wiih  which  th*  nciinlinc  niclsca  tmr«li. 
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apfMrently  atoootb,  continuoua  etfott,  is  known  as  tetanua,  or 
Mamie  eontraciion.  The  above  facts  are  most  cleurly  shewn 
wbtio  induction-shocks,  or  nt  leust  galvanic  currents  in  soma 
form  or  oUier,  iirc  cinplojisd  Tliuy  «r«  weu,  hi>w«v«r,  what- 
ever be  the  form  of  stiipulus  cinptuytiiL  Thiift,  iu  thu  cnsti  of 
tDechaoical  Hliuitih,  while  a  singlv  quick  Mow  may  cause  a  single 
twitch,  It  proiii>imc<'ii  t^tautui  may  I>g  obuiiieil  by  rapidly  striking 
caccesaiv«ly  fresh  portion!)  of  a  nerve.  With  chemical  stimulation, 
as  when  a  nerve  is  dipped  in  acid,  it  is  impossible  t«  secure  a 
notBeatary  application;  heoce  tetanus,  ^cnernlly  irregular  in 
character,  is  the  normal  result  of  this  mode  of  stiuiuliitioo.  lo 
the  Uving  body,  tliu  con  t  met  ions  of  the  »ki;l<;tnl  niusdes,  brought 
about  i'itber  by  tht-  will  or  otherwisi-,  are  generally  Urlariic  iu 
ctinmcter.  Even  very  nhorl,  sharp  move  menu*,  such  as  a  sudden 
j«rk  of  A  limb,  or  a  wink  ul  the  eyulid,  are,  in  reality,  examples  of 
t«tann:t  of  short  duration. 

If  tlie  lever,  instead  of  being  faitteneil  to  the  tendon  of  a  muscle 
hung  vertically,  I>e  laid  across  the  belly  of  a  muscle  placed  iu  a 
horizontal  position,  and  the  muscle  be  thrown  into  tetanus  by  a 
repetition  of  induction -shocks,  it  will  bo  seen  that  each  shortening 
of  the  muscle  is  nccompnoied  by  a  corresponding  thickening,  and 
that  the  total  short4;ning  of  the  tetanus  is  iuxomi»inicd  by  a  cor- 
responding total  thickening.  And,  iudci>d,  in  tetanus  we  can 
olis«rvc  more  easily  than  in  a  single  ODnlraction  that  the  muscle  in 
conimcting  changes  in  form  only,  not  in  hulk.  If  a  living  muscle, 
or  group  of  muscles,  Iw  placed  in  a  glass  jar,  or  chamber,  tJie  clo!<red 
top  of  which  is  prolonged  into  a  nnirow  glass  tube,  and  the 
chamber  l>e  so  fillwj  with  water  (or,  preferably,  with  a  solution  of 
oodiuro  chloride.  -6  p,  c  in  strength,  the  "normal  saline  solution," 
which  is  Kms  injurious  t«  the  tissue  than  simple  water)  that 
the  fluid  riKfs  up  inUi  the  nnirow  tulw.  it  is  obviou.i  that  any 
change  in  the  bulk  of  the  muscle  will  be  easily  shewn  by  a  rising 
or  falling  of  the  column  of  fluid  in  the  narrow  tube.  It  is  found 
that  when  the  muscle  is  iiinde  to  contract,  even  in  the  most 
(orcibte  mauner,  the  change  of  level  in  the  height  of  the  column 
which  can  be  obwrved  is  pmctically  iuHignilicnnt:  there  appears 
Ui  be  ft  fall  indicating  n  diminution  of  bulk  to  the  extent  of  about 
biie  ten-thousandth  of  the  totJil  bulk  of  (he  muKch--.  So  that  we 
lay  fairly  say  that  in  a  tetanus,  ami  hence  in  a  simple  contraction, 
the  lesBeniug  of  the  length  of  the  muscle  causes  a  corresponding 
tncRese  in  the  other  directions :  the  substance  of  the  muscle  is 
dbplaced  not  diminished. 

$  50.  So  far  we  have  spoken  simply  of  an  induction-shock,  or 
nf  induction-shoctiN.  without  any  reference  to  their  slrenglh.  and 
of  a  living  or  irritable  muscle,  without  any  refcnfuno  to  the  degree 
or  extent  of  ita  irritahiUly ;  but  induction-shocks  may  vary  iu 
strength,  and  the  irritability  of  the  muscle  may  vary. 

If  we  slide  the  secondary  coil  a  long  way  ^m  the  primary 


1 


H«  «•  W4r.  At  |W|iiitioo 
■  '«rfUtA   MMMM  of  irritaMfty.  m«  tiftnag  v^rr 
MMb'rtall/  r/'fH,  (ittt  wliidi  the  SMcle  aad  ixm  nneas  while 

vKfriN,  tM  f'fNHiMi  CD  inteip&l  i«n  o<  Ute  bodr ;  tat  iftrr  t«- 
M'/v*!  ff'/M  Uw  UAy  lb«  |ire|«ntMa  Ioms  BritakiOt^.  tl»«  nte  of 
I'lM  I'-iNKiirpMi^MitAn  ■  iiiiiitj  nf  ilnwiliiiin.  uid  ihisgoe* 

«m  hkUI.  tltif*  iKf  Dtiinulu*  which  we  can  K\t\^x  will  gife  vat  to 
•  WiftlWiU'Mi,  wti  m/  lli0  tiTiubilii7  hu  wholly  diMppeared. 
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We  might  take  this  disappearance  of  irritability  aa  markiog 

ihe  death  of  the  preparatioo,  but  it  is  followed  sooner  or  later  by 

^  carious  change  in  the  muscle,  which  is  called  rigor  mortis,  and 

vtiich  we  shaU  study  presently ;  and  it  is  convenient  to  regard 

tiii)  rigor  mortis  as  marking  the  death  of  the  muscle. 

The  irritable  muscle,  then,  when  stimulated  either  directly,  the 

sUmuluB  b6ing  applied  to  itself,  or  indirectly,  the  stimulus  being 

spplied  to  its  nerve,  responds  to  the  stimulus  by  a  change  of 

form  which  is  essentially  a  shortening  and  thickening.     By  the 

shortening  (and  thickening),  the  muscle  in  contracting  is  able  to 

do  work,  to  move  the  parts  to  which  it  is  attached ;  it  thus  sets 

free  energy.     We  have  now  to  study  more  in  detail  how  this 

energy  ia  set  free  and  the  laws  which  r^ulate  its  expenditure. 


SEC.  2.    ON   THE  CHANGES  WHICH  TAKE   PLACE  IN 
A  MUSCLE  DURING  A  CONTRACTION. 


The  Change  in  Form. 


§  53.  An  ordinary  tikeletal  muRcle  contdats  of  elementary 
muscle  fibres,  bountl  together  in  variously  arranged  bundles  by 
connective  tiasue  which  curries  blood  vessels,  nerves  and  lytn- 
phalica. 

The  contraction  of  «  inunclc  is  the  contniction  of  all  or  some  of 
its  elemt-ntary  tiliren,  the  coniitictivo  tissue  beinc  passive ;  hence 
while  thiiae  fibres  of  the  muscle  which  end  direcUy  in  the  tendon, 
in  contracting  pull  directly  on  the  tendon,  those  which  do  not  so 
end  pull  indirectly  on  the  tendon  by  means  of  the  connective 
tissue  between  the  bundles,  which  connective  tissue  is  coDtiouous 
with  the  tendon, 

I-jich  nmscli!  is  supplied  by  one  or  more  hranchea  of  nerves 
which,  running  in  thii  connective  tissue,  divide  into  smaller 
branches  and  twigs  between  the  bundles  and  betwu«n  the  fibres, 
and  eventually  end  in  such  a  way  that  every  muscular  fibre  is  sup- 
plied with  at  least  one  nt-rvc  fibre,  which  joins  the  muscular  Hbre 
somewhere  about  the  middle  V)eiwei!n  its  two  ends  or  som«timos 
nearvr  one  end.  in  a  special  nerve  ending  called  an  end-pfutt.  It 
follows  that  whwi  a  muscular  fibre  is  stimulated  by  means  of  a 
nurve  fibre,  the  nervous  impulse  IravolUng  down  the  nerv'e  fibre 
falls  into  the  muscular  fibre  not  at  one  end  hut  at  about  its  mid- 
dle: it  is  the  middle  of  the  fibre  which  is  atiected  first  by  the 
ner\-ous  impulse,  and  the  changas  in  the  muscular  suhstanco 
started  in  the  middle  of  the  muscular  fibre  travel  thence  1o  tho 
two  ends  of  the  fibre.  In  an  urdiu»ry  skeh'tal  muscle  however,  the 
fibres  and  bundles  of  fibres  i>ej;in  and  iin'l  at  diffen^nt  distances 
from  the  ends  of  the  muscle,  ami  the  ner^o  or  nerviis  Roing  to 
the  muscle  divide  and  spread  ont  in  the  muscle  in  such  a  way 
tliat  the  end-plates,  in  which  the  individual  fibres  of  the  nerve 
end,  are  distributed  widely  over  the  muscle  at  very  different 
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(tistaaoes  from  Uie  ends  of  the  muscte.  Hence,  if  we  suppose 
a  single  nervous  impulse,  such  aa  that  gBQurHtod  by  a  single 
induct iuu'^htN^k,  ur  u  surius  of  Kuch  imjuilHcs  to  be  etarteil  at 
the  same  lime  at  some  part  ol  ihv  triiuk  of  the  ncr^'t;  in  eaL-h  of 
the  fibr&«  of  tli«  iifirve  going  to  the  rauacle,  ihe«u  impulses  will 
reach  vfty  different  paru  of  the  muscle  at  about  the  same  time 
and  the  contractions  which  they  set  going  will  Itcgiii,  so  to  speak, 
nearly  all  over  the  whole  muscle  at  the  same  time,  and  will  not  oil 
start  in  any  particular  zone  or  area  of  the  muscle. 

§  A3.  Tif  HVtre  "/  canlrnclwn.  We  have  seen,  however,  that 
under  the  influence  of  urari  the  nerve  fibre  is  unable  to  excite 
omUactioiiv  in  a  musculnr  fibn;,  althuugh  the  irritability  of  the 
iuu«cular  fibrc  it»elC  h  retained.  Houcv,  in  a  muscle  poisoned  by 
urari  the  contraction  begins  at  that  part  of  ibc  muscular  substance 
which  is  first  affected  by  the  stimuhts,  and  we  may  start  a  con- 
traction in  what  part  of  the  muscle  we  please  by  properly  placing 
the  electrodes. 

Some  muacles,  such  for  instance  as  the  sartoriua  of  the  frog, 
though  of  some  length  are  composed  of  fibres  which  run  parallel 
to  each  other  from  one  ond  of  tiic  inusclc  lo  the  other.  If  such  a 
mosc'le  be  poisoned  with  untri  so  ns  to  olimtnate  tlie  actiuii  of  the 
nerves  and  stimulated  at  one  end  (an  induction -shock  itent  through 
a  rair  of  electrodes  platted  at  some  little  disunce  apart  from  each 
other  at  the  end  of  the  murtcle  may  be  employed,  hut  belter 
results  are  obtained  if  a  mode  of  stimulation,  of  wliich  we  shall 
have  to  speak  presently,  viz.  the  a]'plicatiun  of  the  "constant  cur> 
rent,"  be  adopted),  the  contraction  which  ensues  starta  from  the 
end  stimulated,  and  travels  theucc  along  the  muscle.  If  two 
levers  be  made  to  rest  on,  or  be  sus[i«!udLvl  from,  two  parts  of  such 
B  muscle  plaix-d  horizontally,  the  parts  U-iug  at  a  known  distance 
from  each  ^>^h<■T  and  from  the  jxart  stimulated,  the  progn^'.ss  of  th« 
ooDtraction  may  be  studied. 

Tiie  movements  of  the  levers  indicate  in  this  case  the  thicken- 
iag  of  tJie  fibres  which  in  taking  place  at  the  parts  on  which 
the  levers  rent  or  to  which  they  are  attached;  and  if  we  take 
a  (fraphic  record  of  these  movoniente.  brinfoug  the  two  levers  to 
mark,  one  immedialuly  Iwlow  the  other,  w>.^  sliall  find  that  the 
lever  nearer  the  part  stimulated  It-gins  to  move  earlier,  reaches  its 
maximum  cHrlier,  and  returns  to  rest  eitrlier  than  does  tlie  farther 
le^-or.  The  contniction,  started  by  the  stimulus,  in  travelling  aloug 
the  muscle  from  the  part  stimulate<1  reaches  the  nearer  lever  some 
little  time  I>efore  it  reat^heg  the  farther  lever,  and  has  passed  by 
the  nearer  lever  some  little  time  before  it  has  passed  by  the 
farther  lever ;  and  the  farther  apart  the  two  levurs  are  the  greutcr 
will  be  the  differencf  in  time  between  ihi^'ir  movements.  In  Other 
words  the  coutrat^^tiou  travels  along  the  iiiu.'^cle  in  the  form  of  a 
wav«^  each  part  of  llio   mu«:le    in   succession   from   the  end 
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formly  bright ;  in  other  words  there  is  a  sort  ot  reversal  of  the 
sitURtion,  what  was  bright  tHscoming,  in  its  middle  at  least,  dark, 
and  what  was  dim  becoming  rolutivcly  bright  When  the  fibre 
is  exiimined  under  polarized  light,  by  which  the  dim  bands  nm 
shown  to  bo  larjjely  comjKised  of  doubly  refractive,  ant.-<o:ro]iic 
material  and  the  bright  bauds  chiefly  of  singly  refractive,  isotropic 
mati^rial,  it  is  found  that  the  above  apparent  reversal  is  not  based 
on  any  reversal  of  the  refractive  material,  the  anisotropic  fdim) 
band  reiiiaina  anisotropic,  ami  the  isotropic  (bright)  band  remains 
isotropic  But  while  both  bands  become  broader  (across  the  fibre) 
and  thinner  (shorter  along  the  length  of  the  fibre),  the  anisotropic 
band  does  not  become  so  much  thinner  as  doL-s  the  isotropic  bnnd, 
in  other  words  the  dim  doubly  K-fnictivo  baud  ur  disc  increases  iu 
balk  at  the  expense  of  the  bright  singly  rvfracUve  band.  And 
this  accords  with  auirthur  feature  of  the  tibre  during  contraction  ; 
namely,  that  the  sarcoleinnia,  which  in  the  fibre  at  rest  presents 
a  <]uite  i^ven  line,  is  then  indented  at  the  middle  of  the  bright 
band  at  about  the  position  of  the  intermediate  line,  and  bulges 
out  opposite  the  dim  l)and,  that  is  opposite  the  enlarged  aniito- 
tropic  disc. 

It  is  uselfS)?,  however,  to  dwell  on  these  matters  until  the  minute 
structure  of  tlie  tiiire  Inis  l>een  inoic  clearly  and  satisfactorily  made 
out  than  it  ts  at  present.  A  contraction  is  obviously  n  trauslocn- 
tion  of  molecules  of  the  miuscle  substance  and  may,  very  roughly, 
be  compared  to  the  movement  by  which  a  company,  say  of  one  hun- 
dred soldiers  ten  ranks  deep,  with  ten  men  in  each  rank,  extends 
out  into  a  double  line  of  two  ranks  with  fifty  men  in  each  rank. 
The  movement  of  tratislocjitiou  is  obviously,  in  striated  muscle,  a 
very  compIiait«d  "ne,  but  how  the  striation  helps  the  movement 
we  do  not  at  present  really  know.  All  we  can  say  is  that  when 
swift  and  rapid  contraction  is  needed,  the  contractile  tissue  em- 
ployed pulA  on  in  neitrly  all  cases  the  striated  structure-. 


Tht  Chemislry  of  Muscle. 

§  5S.  Wo  said,  in  the  Introduction,  that  it  was  difficult  to 
make  out  with  certainty  the  exact  chemical  diiTereuccs  between 
dead  and  liWng  substance.  Mnscle  however  in  dying  undoigoea 
a  Ktnarkable  chemical  change,  which  may  be  studied  with  com- 
parative ease,  W«  havo  already  said  that  all  muscles,  within  a 
ceruin  time  after  removal  from  the  btxly,  or,  if  still  remaining  part 
of  the  body,  within  a  ot'^rtain  tiini-  afier  'gtMieral*  death  of  the 
body,  lose  thoir  irritability,  and  that  the  loss  of  irritability,  which 
even  when  rapid,  is  gradual,  is  sucooaded  by  an  event  which  is 
somewhat  more  sudden,  viz.  tlio  untranCD  into  the  condition  known 
aa  rigor  morti*.     The  occurrancD  of  riKor  mortis,  or  cadaveric  rigid- 
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ttj,  as  it  is  eomiiliniea  called,  which  may  be  considered  as  the  tukeit 
of  the  do^ith  of  the  muxcle,  is  tuarkcd  by  the  following  features. 
The  living  muKcle  jiossesses  a  certain  traiisluceacy,  the  rigid  mugde 
i»  disttuclly  more  opaque.  The  living  muacle  is  very  exU-iiiiibte 
and  elastic,  it  atretches  readily  and  to  a  considerable  extent  when 
a  weight  b  hung  upon  it  or  when  any  tractiuu  i^  applied  tu  it, 
bat  speedily  and.  under  norma!  circunistttiict's,  completely  returns 
tu  iu  orif^uul  li-D>;th  whfu  iha  WL'inhl  or  triiction  is  removed  ;  as 
we  shall  i^eu  howevi-r  the  rupidily  utid  compile  ten  ess  of  the  return 
depends  on  the  condition  of  the  muscle,  a  wcll-uourished,  active 
muifcle  regaining  its  normal  length  much  more  rapidly  and  com- 
pletely than  a  tired  and  exhausted  uiuscle.  A  dend,  ri^id  muscle 
is  much  leA»  extenMble  and  at  the  same  time  much  loss  elastic; 
the  muscle  now  re<|uirea  considerable  force  to  stretch  it,  and  when 
the  force  It  removed,  does  not,  as  liefore,  return  to  its  former 
length.  To  the  touch  the  rigid  iiiu.<>c1e  has  loAt  much  of  Its 
former  softness,  and  has  become  firmer  and  more  resistant.  The 
entrance  into  rigor  mortis  is  moreover  accompanied  by  a  xliorten- 
ing  or  contraction,  which  may,  under  certam  circumstances,  be 
ooasiderable.  The  energy  of  this  contraction  is  not  great,  so  that 
any  actual  shoru'iiing  is  easily  prevented  by  the  presence  of  even 
«  sUf^t  opposing  forie. 

Now  the  chentiuii  feutun-H  of  the  df^d,  ri^id  muscle  are  also 
strikinsly  dilTeivnt  from  those  of  the  living  musclii. 

§  5&  If  a  dtad  mu*clt,  from  which  all  fal.  tendon,  fascia,  and 
connective  tissue  have  been  as  much  as  positible  removed,  and 
which  has  been  freed  from  blood  by  the  injection  of 'normal' valine 
•olution,  be  mhicH)  and  repeatedly  washed  with  water,  the  wa!«hings 
will  contain  certain  forms  of  albomia  and  certain  extractive  bodies, 
of  which  we  shall  speak  directly.  When  the  washiug  has  been 
continued  until  the  wash-water  gives  no  proteid  rvoctiou,  a  Inif^ 
portion  of  muscle  will  still  remain  undissolved.  If  this  hu  treatod 
with  ft  10  p.  a  solution  of  a  neutrtl  salt,  ammonium  chloride  being 
tbc  best,  a  htr;^  portion  of  it  will  become  di.<«»lved ;  the  wolntion 
however  is  more  or  le«»  iiti()erfcct  and  filters  with  difticuUy.  If  the 
filtmLe  be  allowed  to  fall  drop  by  drop  into  a  large  quantity  of 
distilled  water,  a  while  Hocculent  matter  will  be  precipitated. 
This  tlocculent  precipitate  is  myoxiH.  Myosin  is  a  proteid,  giving 
the  ordinary  proteid  reactions,  and  having  the  same  general 
elementary  oemposttion  as  other  proteids.  It  is  soluble  iu  dilute 
aaline  solatJons,  especially  those  oi  ammonium  chloride,  and  may 
be  claseed  in  the  plobulin  family,  though  it  is  not  so  soluble  as 
Mraglobulin,  reqriirinj;  a  stronger  sohilion  of  a  neutral  salt  to 
disMiIvo  it  1  thus  while  soluble  in  a  &  or  10  p.  c  solution  of  such  a 
salt,  it  is  far  le^s  soluble  in  a  I  p.  c.  solution,  which  as  we  have 
seen  readily  dissolves  paraglobuliii.  From  its  solutions  in  neutral 
saline  solution  it   is   precipitated   by  saturation  with  a  neutral 
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salt,  preferably  sodium  chloride,  and  may  be  purified  by  being 
washed  with  it  saturated  solutiou,  disEulved  afjain  in  a  weaker 
8oluti'-'ii.  and  reprccipitiiled  by  sntumtioii.  Dissolvud  iu  saline 
solutiuris  it  readily  coagulates  whvu  heated,  t.«.  is  convcrUid  into 
coagulated  prot«id,  and  it  is  worthy  yf  notice  that  it  ooogulates 
ttt  a  comparatively  low  tetiii>eratiire,  vit.  about  5&'C;  this  it  will 
be  rvniun]l>ered  i»  the  teiii]>erature  at  which  Rhrinogeii  is  coagu- 
lated, whereas  paraglohuliii,  Herum  albumin,  and  many  other  prtv 
teids  do  not  coagulate  until  a  higher  temperature,  75°  C-,  is  reached. 
Solutions  of  myosin  are  precijntated  by  alcohol,  and  the  precipitate, 
aa  in  the  caee  of  other  proteids.  liccomcs  by  continued  action  of  the 
alcohol  altered  into  coagulatt-d  insoluble  protoid. 

We  have  seun  that  paruglnbuliii,  and  indued  auy  member  o( 
the  globulin  group,  is  very  readily  clianjj;e(I  by  the  action  of  dilute 
acids  into  a  buily  r.allii'd  acul  aihumin,  characterised  by  not  being 
soliibli;  either  in  water  or  in  rlilute  tialine  aolutioiiH  but  readily 
soluble  in  dilute  acids  and  alkalis,  from  its  solutions  in  either  of 
which  it  is  precipitated  by  nentraliaation,  and  by  the  fact  that  the 
solutions  in  dilut«  acids  and  alkalis  are  not  coagulated  by  heat. 
When  tht'rcforc  a  globulin  is  dissolvud  in  dihit*  acid,  what  takes 
plaOB  is  not  a  mere  .solution  but  a  chemical  change ;  the  globulin 
cannot  be  got  back  from  the  solution,  it  has  been  changed  into 
acid-albumin.  Similarly  when  globulin  ia  dia.tolved  in  dilute 
alkalis  it  is  changed  into  nlkidi  albumin;  and  broadly  speaking 
alkali  aihumin  precipitated  by  neutralisation  can  be  changed  by 
solution  with  dilut«  acids  into  acid  albumin,  and  acid  albumin  by 
dilntu  alkalis  into  alkali  albumin. 

Now  myosin  is  similarly,  and  even  more  readily  than  is 
globulin,  converted  into  acid  albumin,  and  by  treating  a  muscle 
either  washed  or  not,  directly  with  dilute  hydrochloric  acid,  the 
myosin  may  bo  converted  into  acid  albumin  and  dissolved  out. 
Acid  albumin  obtained  by  dissolving  muscle  in  dilute  acid  used  to 
he  called  »yntonxn,  and  it  used  to  be  said  that  a  muscle  contained 
syutonin  ;  the  muscle  however  contains  myosin,  not  syntonio.  but 
it  may  be  useful  to  retain  the  word  syntonin  to  denntc  acid  albumin 
obtained  by  the  action  of  dilute  acid  on  myosin.  By  the  motion 
of  dilute  alkalis,  myosin  may  similarly  be  converted  into  alkali 
albumin. 

Vroxa  what  has  been  stated  above  it  is  obvious  that  myosin  has 
many  analogies  with  fibrin,  and  we  have  yet  to  mention  other 
striking  aoalogies;  it  is  however  much  more  soluble  than  fibrin, 
and  speaking  genernlly  it  may  be  said  to  be  intermediate  in  ita 
cbaraetor  between  fibrin  and  glnbulin.  On  keeping,  and  especially 
on  drj-ing,  its  solubility  is  much  diminisbed. 

Of  the  substances  which  are  left  in  wa-tlmd  muscle,  from  which 
all  (he  myosin  has  l«en  extracted  by  ammonium  chloride  solution, 
little  is  known.     If  washed  muscle  ho  treated  directly  with  diilute 
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brdrochlorK  acid,  a  large  pan  of  the  innterial  of  tlie  iiiu>cle  p»sse8, 
ns  WH  have  xaid,  at  once  into  nynUinin.  llie  quaiiUly  oi  gyuUitiin 
thus  obtained  may  be  taken  as  roughly  representing  the  quantity 
of  nyosin  previously  osisting  in  the  tnuacle.  A  more  prolouf^d 
,  action  of  tne  acid  may  dissolve  out  other  prot*?ids,  besides  niviwin, 
lefi  after  the  vfashiup.  The  portion  insoluble  in  dilute  bydriv 
chloric  acid  consists  in  p<trt  of  t\n.:  gi'latinu  yielding  iind  other 
substAnc«s  of  the  Karcoleinma  and  (>(  the  oonncctive  aud  other 
tiKBuus  l)Ctween  the  bundles,  of  the  nuclei  of  these  tissues  and  of 
the  fibres  lliemselvea,  and  in  part,  possibly,  of  some  portions  of 
the  muscle  substance  itself.  We  are  not  however  at  prcKL'nt  iu  a 
|Ki)iition  to  make  any  very  definite  statement  as  to  the  relation  of 
the  myosin  to  the  stnicturnl  features  of  nmscle.  Siuce  the  dim 
baiidB  are  rrrndtred  wry  indistinct  by  the  action  of  1 0  p.c.  sodium 
chloride  solution,  we  may  perhaps  infer  that  myosin  enters  larjiely 
into  the  composition  of  thw  dim  bands,  and  therefore  of  thelibrills; 
bat  it  would  be  liamrttoiis  to  say  mudi  more  than  this. 

§  57.  IJvini^  mui<«le  may  l>e  frozen,  and  yet.  after  cerKiin 
precautious  will,  on  heiiifr  thawed,  retain  its  irritability,  or  iil  all 
events  will  for  a  time  be  found  to  he  still  li^Hug  in  the  sense  that 
it  b«e  not  yet  paswd  into  rigor  mortis.  We  may  therefore  take 
living  muscle  which  has  been  frozen  as  still  living. 

If  /('rt«^  tontraetiU  mtucit.  freed  as  much  as  possible  from 
blood,  be  frozen,  and  while  fro»n,  minced,  and  rubbed  up  in  a 
luortar  with  four  timtts  it«  weight  of  snow  containing'  1  p.c  <^ 
sodium  chloride,  a  mixture  Is  obtained  which  at  a  tvmperaturs 
JHfit  Iwlow  0°  C.  i«  suflleicnlly  fiuid  to  he  filtered,  though  with 
diffi'.Tilty.  Tlie  slightly  opalescent  tillrate,  or  musrU  jilaitma  as  it 
is  called,  is  at  first  quite  Huid,  but  will  when  exposed  to  the 
ordinary  temperature  become  n  solid  jelly,  and  aftern-nrds  separate 
into  a  eiot  and  u-/vm.  It  will  in  fact  clot  like  blood  plasma,  with 
this  difference,  that  the  clot  is  not  firm  and  fibrillar,  but  toow, 
eraniilar.  and  Hocculent,  Ihirinj;  the  clotting  the  fluid,  which 
before  was  neutral  or  slif^htly  idkaline.  T>i^cjiue»  distinctly  acid, 

llie  clot  is  myosin.  Itgives  all  the  Reactions  of  myosin  obtained 
tram  dead  miutclc. 

The  scrum  oontains  an  albumin  very  similar  to,  if  not  identical 
vith,  sennn  albumin,  a  globulin  differing  somewhat  from,  and 
coutolating  at  a  lower  temperature  than  paraRlobulin,  and  which 
to  distingnish  it  from  the  globulin  of  blood  has  been  called  myo- 
ylobvlin.  some  other  proteids  which  need  not  Itc  di^xcrilxMl  here, 
and  various  'extractives 'of  which  w«  shjdl  spe?ik  ihroctly-  Sueh 
moBcb-fl  as  are  red  also  ivmtaiu  a  small  i(uautity  of  haemoglobin 
and  pofi'iibty.  another  allit^d  rwl  pigment 

Thu*  while  deail  muscle  contain.t  myosin,  albumin,  and  other 
proteidi*,  extractive.*,  and  certain  iiLSfiluble  matters,  together  with 
gelatiooua  and  other  subatanoes  not  referable  to  the  muscle 
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stiltsUuioe  itoelf,  living  niuficle  contains  no  myoain,  but  some 
»iih.ttance  nr  sub^Unci^n  which  bear  Aumewhat  the  same  relation  to 
tnyo.<un  that  the  antecedents  of  tibrin  do  to  tibhn,  and  which  give 
rise  to  myosin  upon  the  deatb  ot  thtt  muscle.  Tht>rc  nru  indeed 
reasons  far  thinking  that  the  myosin  nrtscs  from  the  convensiou  of 
a  previously  cxistin-j  body,  which  may  Ik;  riilKni  myosiiwgrii..  and 
that  the  conviu^imi  InVnt  piaw.  or  may  taki;  place,  by  the  action 
of  n  spuciiil  fonufiit,  the  (M)iiv<-n<ioii  of  myatinogeii  into  myosin 
bfciii);  very  aiialogoiiri  to  the  cim version  of  tibrinogen  into  fibrin. 

Wo  may  in  fact  a[>eak  of  rigor  mortis  as  characterised  by  a 
clotting  of  the  muscle  plasma,  comparable  to  the  clotting  of  blood 

EUsma,  but  difTering  from  it  inasmuch  as  the  product  is  uot  Bbrin 
ut  myosin.  The  rigidity,  the  loss  of  suppleness,  «nd  the  dimin- 
ished transhtceacy  appear  to  be  at  all  events  lar^ly.  thuujjli 
probably  uot  wholly,  du-;  to  the  change  from  the  tlnid  phL:<mn  to  the 
solid  myosin.  We  might  comparu  a  living  muscle  to  a  number  of 
line  transparent  mumbiunuus  tubt.--«oontaiuiug  blood  plasma.  When 
this  bloixi  plasma  eni<?red  into  the  'jelly'  stage  of  clotting,  the 
syittem  of  tul>es  would  prest^iit  many  of  the  phenomena  of  rigor 
mirtis.  Theywould  lose  much  of  their  suppleness  and  translucency, 
and  acquire  a  certain  amount  of  rigidity. 

§  58.  There  is  however  one  very  oiailced  and  important 
difTi'reuce  between  the  rigor  mortis  of  muscle  and  the  clotting 
of  blood.  Blood  during  its  clotting  undergoes  a  slight  change 
only  in  it9  reaction  ;  btit  muscle  during  ihv  onset  of  rigor  mortis 
become-i  di.«tinctly  acid. 

A  living  muscle  at  rest  is  in  reaction  neutral,  or,  possibly  from 
some  remains  of  lymph  adhering  to  it.  faintly  alkaline.  If  on  the 
othi-r  bund  the  rvai-tiou  of  a  lhor\iughly  rigid  muscle  be  tested,  it 
will  Ih)  found  to  lie  must  distinctly  acid.  This  development  of  an 
acid  leaotion  is  witneiswd  not  only  in  the  solid  untouched  fibre  but 
also  in  expressed  muscle  pla^iua ;  it  9><?m8  to  be  associau-d  in  some 
way  with  the  apjwarance  of  the  myosin. 

The  exact  causation  of  this  acid  reaction  has  noi  at  present 
bet'u  clearly  worked  out.  Since  the  coloration  of  the  htmus  pro- 
duced is  ponnaueut,  carbonic  ncid,  which  as  we  shall  immediately 
St<it«,i8  set  free  at  the  same  time,  cannot  be  regarded  as  the  active 
acid,  for  the  reddening  of  litmus  ptuduced  by  carbonic  acid  speedily 
disappears  on  exposura  On  the  other  hand,  it  is  possible  to  ex- 
tract from  rigid  muscle  a  certain  quantity  of  laotio  actd,  or  rather 
of  a  variety  of  lactic  acid  known  as  sarco'Uctic  acid ' ;  and  we  may 
probably  regard  the  acid  reictii^n  t>f  rtgid  muscle  as  due  to  a  new 
formation  or  to  an  inctviwed  formnliou  of  this  san-otactic  acid. 
Then:  is  roason  however  to  think  that  the  eetshlialiraent  of  tlie 
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acid  reaclion  is  not  n  iHirfuciIy  simple  proceaa  but  a  more  or  less 
coiii|.lex  one,  otiier  .«til)t«taucciH  Uisidiw;  surcolaclic  acid  intervening. 
(Joincident  with  the  npjxtaraiicu  of  this  iicid  reaction,  though 
we  have  said,  not  the  direct  cau«i  of  it,  a  large  development  of 
carbouic  acid  takes  place  when  mii.icle  liecome«  ri^d.     Irritahle 
livin;;  muscular  suluiCancc  like  all  living  8utKttanc«  i^  cuutinuallj 
,  respiring,  tlmt  is  to  say.  is  fontinuallv  cimtinniing  uxygcn  uid 
ijiving  oui  uirliouic  acid.     In  the  body,  ihe  arterinl  hicxid  going  to 
fUu)  m«scl«  giv*M  up  eom«  of  its  oxygen,  and  gains  a  quantity  of 
-carbonic  acid,  thus  becoming  v«nous  as  it  paases  through   the 
nituicle  capillariett.     Kveu  aft«r  removal  from  the  body,  the  living 
luacle  vontinueii  to  take  up  fmni  the  surrounding  atmosphere  a 
ertain  quantity  of  oxygen  and  to  give  out  a  certuiu  quantity  of 
rbonic  acid. 
At  the  onfiec  of  rigor  niortii*  there  is  a  very  largo  and  sudden 
increase  in  this  production  of  carbonic  acid,  in  fact  an  outburst  as  it 
were  of  that  gas.    This  is  a  phenomenon  deserving  s^>ecial  attention. 
Knowing  that  the  carbonic  acid  which  is  the  outcome  of  the 
n-flpii»ti'iii  of  the  whole  body  is  the  result  of  the  oxidation  of  car- 
bon-holding substances,  we  might  ven-  naturally  suppose  that  the 
1  production  of  carbonic  acid  nttendunt  on  the  development 
'<if  rigor  mortis  is  due  to  the  fact  that  duriug  that  event  a  certain 
quantity  of  the  carbon -hold  lug  constituents  of  the  muscle  arc 
suddenly  oxidiwd.     But  -luch  a  view  is  negatived  l>y  the  following 
factJi.     In  the  first  place,  the  increased  production  of  carbonic  acid 
tdnring  rigor  mortLi  is  not  accompanied  by  a  corresponding  in- 
[maM  in  the  consumption  of  oxygen.     In  the  second  place,  a 
[Wucle  (of  a  frog  for  instance)  contains  in  itself  no  free  or  loosely 
r«Uadied  oxygen  ;  when  subjected  to  the  action  of  a  mercurial  air- 
pump  it  gives  off  no  oxygen  to  a  vacuum,  offering  in  this  respect 
,  marked  cootrast  to  blorxl ;  and  yet,  when  placed  in  an  atmosphere 
\ine  from  oxygen,  it  will  not  only  continue  to  give  off  carbonic 
cid  whilv  it  n^^mains  alive,  but  will  also  exhibit  at  the  onset  of 
'TigoT  mortis  the  same  increased  production  of  carbonic  acid  that 
is  aliewn  by  a  muscle  pbced  in  an  atmosphere  containing  oxygen. 
It  is  obWous  that  in  such  a  case  the  carbonic  acid  does  not  arise 
[ftota  the  direct  oxidation  of  the  muscle  substance,  for  there  is  no 
oxygen  present  at  the  time  to  carry  on  that  oxidation.     We  arc 
driven  to  suppose  tliat  during  rigor  mortis,  sume  complex  body, 
I  containing  in  itoolf  ready  formed  carbonic  acid  m  to  sjieak,  is  split 
'up,  and  thus  ciirlxmlc  ncid  is  set  free,  the  process  of  oxidation  by 
which  that  carbonic  acid  was  formed  out  of  the  carbon-holding  con- 
stitaonta  of  the  muscle  having  taken  place  at  some  anterior  dat& 
Living  resting  muscle,  tiien,  is  alkaline  or  neutral  in  reaction, 
and  the  substance  of  its  lihres  contains  a  plasma  capable  of  clotting 
[l>ead  rigid  mn.<icle  on  the  other  hand  is  ncid  in  reaction,  and  no 
loi^r  contains  a  plasma  capable  of  clotting,  but  is  laden  with  the 
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solid  tayosiii.  Furttier,  the  change  from  the  living  irritable  con- 
dition t^  ttiat  of  rigor  inortiH  in  accumpauied  by  a  large  and  sudden 
development  of  carbonic  acid. 

It  is  found  moreover  that  tliere  is  a  certain  amount  of  parallel- 
ism between  the  intensity  of  tbv  rigw  mortis,  the  degree  of  acid 
reaction  and  the  i|uanttt)'  u(  carbonic  acid  given  iniL  If  we 
suppose,  a?  w«  fairly  may  do,  tbat  the  lui'-nsity  nf  the  rigidity  is 
depeml«nt  on  tlui  quantity  of  myofiii  devKisi[«>l  in  the  fibrvs,  imd 
(Ik-  acid  nMCtion  to  tliti  devt'lopnient  if  not  of  lactic  acid,  at  lt«st 
of  some  other  »uh«tanc«,  the  parallelLim  between  the  three  products, 
myosin,  acid*protlucing  substance,  and  carbonic  acid,  would  anggeu 
the  idea  that  all  tluee  are  the  results  of  the  spUtting-up  of  the 
»&me  highly  complex  substance.  No  one  bas  at  praaent  however 
aucceeded  in  isolatiug  or  in  otherwise  definitely  provtn<;  the  estsl- 
enoe  of  Huch  a  body,  and  though  tlw  idea  Miems  tvmpting.  it  may 
in  the  end  prove  erroncoufi. 

§  59,  As  to  the  otlier  prot«ids  of  musde.  such  as  the  albumin 
and  the  globulin,  we  know  as  yet  aotbiog  definite  conoeming  the 
parts  which  they  play  and  the  changes  which  they  undergo  in  the 
living  miLti'^Ie  or  in  rigor  mortiit. 

Befiide:*  ihe/at  which  is  found,  and  that  not  unfrequently  in 
abundance,  in  the  connective  tissue  l«tween  the  fibres,  there  i<i 
also  present  in  the  muscular  aubetance  within  the  sarcolemma, 
alwmys  some,  and  at  times  a  great  de«l.  of  fat.  chietly  ordinary  fat. 
viz.  stearin,  palmttin,  and  olein  in  variable  proportion,  but  with  a 
small  quantity  of  the  mon.>  complex  fat  lecithm :  the  latter  probably 
is  dc-rivcd  fntm  tlie  ncrx'C  fibres.  As  to  the  function  of  thi'se  several 
fats  in  the  lif>>  »f  the  niU'^'Ii.*  mt-  know  littW  or  nothing. 

CarioAyrfru//.*.  (lie  thin!  nf  lite  three  great  classes  in  which  we 
mav  group  the  energy-holding  suhstaooes  of  which  (he  animal 
body  and  its  food  an^  alike  compoAed,  vit  proteid^.  fat  and  carbo- 
hydrates, are  represented  in  muwle  hy  a  peculiar  body,  glyeogai, 
which  we  shall  ha\-e  to  study  in  detail  lat^r  on.  We  most  here 
merely  say  that  ;;Iycogen  is  a  bodv  closely  allied  to  starch,  having 
a  formula,  which  may  be  incliide^  under  the  geaeral  {tnivla  for 
Marches  n  (C;H,.0,>,  and  may  like  it  l>e  convened  by  the  action  of 
adds,  or  by  the  acti<in  tA  particular  ferments  known  a«  amylol\-tic 
femeiita,  into  some  fonu  of  sugar,  dextrose  (C^nO,)  or  some 
allied  mgar.  Many,  if  not  all,  living  musdes  contain  •  certain 
•aKNiDt,  and  some,  nnder  nertaia  rJuuiiiitanctiil.  •  oonsiderftble 
■BKMBt  of  glycogen.  During  or  after  rigor  ■ortit  tbia  glyeegen  it 
nsy  apt  to  be  oooverled  into  dextrto^  or  an  allied  futrar.  The 
noscles  of  the  embrro  at  an  early  sia^  oontain  a  relatively 
enonnons  quantity  of  glycogen,  a  fact  which  si^;geBts  tbat  the 
^yeogen  of  muscle  is  carbobydrate  food  of  the  miucle  abont  to  be 
WTongfat  up  into  the  living  muscular  sabetanoe. 

nbe  bodiK  wfaicb  w?  ba%-e  called  extrmeUttt  are  nnraerons  and 
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vttri«d.  They  are  especially  interesting  fliiice  it  seems  probable 
that  they  are  waste  products  of  th«  metabolism  of  the  muscular 
«uh»tance,  an^  t)>e  study  of  them  may  be  expected  to  thiiiw  light 
oD  till)  chemical  change  which  muscularsubstance  undergoes  dunng 
life.  Since,  aa  we  shall  s«e.  muscular  substance  forma  by  far  the 
t;reater  part  of  the  nitrogenous  —  that  is,  proWid  —  portion  of  the 
body,  the  nitrogenous  lOLlnictiviNi  of  muscle  demand  ptxruliar  atten- 
tion. Now.  the  biidy  un-.H,  which  we  shall  havt-  to  study  in  detail 
later  on.fan-xoeeds  in  iniporUiiieeallthe  other  nitnigeuous  extrac- 
tivisn  of  tliv  body  as  a  whole,  since  it  is  practically  the  on<-.  form  ia 
which  iiitn^enous  waste  leaves  the  body ;  if  we  include  with  iiron. 
the  closely  allied  uric  acid  (which  for  present  purposes  may  simply 
be  regarded  as  a  variety  of  urea),  we  may  say  bruadly  that  all  the 
nitTOgea  taken  in  aa  food  sooner  or  later  leaver  the  body  as  urea ; 
cotniiared  with  this  all  other  nitrogenous  wasU-  thrown  out  from 
the  body  is  insignihcant.  Of  the  uiva  which  thus  leaves  the  body, 
a  oonsid«ntbltt  portion  must  nt  some  time  or  other  have  exinU^d,  or, 
Ui  speak  mora  exactly,  its  nitro^n  niuxt  have  existed  as  tlie  nitrogen 
of  the  pmleidsof  inusruUrsuhslance.  Nevertheless,  uo  urea  atall 
or  an  al«olutely  minimal  quantity  only  is,  in  nnnna)  conditions, 
present  in  muscular  substaace  either  living  and  irritable,  or  dc-ad 
and  rigid;  urea  does  not  arise  in  muscular  substance  itaelf  as  one 
of  ttiv  immediate  wast«  products  of  muscular  substance. 

There  is,  liowever,  always  prest-nt,  in  relatively  considerable 

amount,  on  an  average  about  '23  ]>.<;.  of  wet  muscle,  a  remarkable 

body,  irtalin.     This  ia  in  one  sense  a  compound  of  urea:  it  may 

be  split  up  intfi  urea  and  ftarcosin.     This  latter  hotly  is  a  methyl 

gtyciu,  that  is  to  say,  a  glycin  in  which  mt^thyl  has  IsL-en  sub- 

BUtuted  for  hydrogen,  and  glycin  itself  is  amido-acctic  acid,  a 

compoaod  of  amidugen.  that  is  a  representative  of  ammonia,  and 

acetic  acid.     Honm  krnatin  contains  urea,  which  has  cloae  relations 

with  ammonia,  together  with  another  representative  of  ammonia, 

and  a  surplus  of  earbou  and  hydrogvn  arranged  oa  a  body  belonging 

tn  thu  fatty  acid  series.     We  shall  have  to  rctum  to  this  kreatin, 

and  to  consider  its  relations  to  urea  and  to  muscle,  when  we  come 

to  deal  with  urine. 

Tlie  other  nitrogenous  extraetives,  such  as  kamin,  hypnxauthin 
(or  sarkin),  xanthin,  taurin,  Vtc,  occur  in  small  quantity,  and  need 
not  be  dwell  on  here. 

Among  non -nitrogenous  extractives,  the  most  important  is  the 
gllf*>nlActic  acid,  of  which  we  have  already  spoken ;  lo  this  may 
be  added  sugarin  some  form  or  other,  either  coming  from  glycogen 
0f  from  some  other  soure«. 

Tbo  asb  of  muscle,  like  the  ash  of  the  blood  corpuscles,  and, 
itt^ffed.  thf.  ash  of  the  tissttos  in  gunenil,  as  distingniahed  from  tlie 
jfiood,  Of  ploBiua,  or  lymph  ou  which  the  Ussaes  hve,  is  cbaracter- 
itod  by  th^  preponderance  of  potassium  salts  and  of  phosphates; 
rtrngao  toTUX  ill  fact  nearly  80  (vc  of  tlie  whole  ash. 
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§  60.  We  may  now  pass  on  to  the  question.  What  are  the 
chemical  chaugvs  which  tuke  pUicu  when  a  living,  resting  muscle 
enters  into  a  contraction  1  These  cliaugKS  nre  most  evident  utter 
the  muscle  has  been  subjected  to  a  prolon(,ii»l  tetanus  ;  but  thero 
cmn  be  no  doubt  tliat  the  chemical  events  of  a  tetanus  nre,  like 
the  physical  events,  simply  the  sum  of  the  results  of  the  consti- 
tuent single  contractions. 

In  the  first  place,  the  muscle  becomes  acid,  not  so  acid  aa  in 
rigor  mortis,  but  still  sufficiently  ao,  after  a  vigorous  tetanus,  to 
turn  blue  litmus  distinctly  red.  Tlie  cuu^^e  of  tlm  acid  reaction, 
like  that  of  rigur  mortis,  is  uol  quilti  clear,  but  is  in  uU  probability 
the  same  in  both  cases. 

In  the  second  place,  a  considerable  quantity  of  carbonic  acid  is 
set  free;  and  ihe  production  of  carbonic  acid  in  muscular  contrac- 
tion resembles  the  production  of  carbonic  acid  during  rigor  mortis 
in  that  it  is  not  accompanied  by  a  corresponding  increase  in 
the  consumption  of  oxygen.  This  is  evident  even  in  a  muscle 
through  which  the  circulation  of  blood  is  still  going  on ;  for  though 
the  blood  passing  through  a  contnictiag  muscle  gives  up  more 
oxygen  than  the  hluud  passing  through  a  resting  muscle,  the  increase 
in  the  amount  of  oxygen  taken  up  falls  below  the  increase  in  the 
carbonic  acid  given  out  But  it  is  still  more  markedly  shewn  in  a 
muscle  removed  from  the  body ;  for  in  such  a  musclti  both  the 
contraction  and  the  increase  in  ihc  production  of  iJarlionic  acid  will 
go  on  in  the  absence  of  o.xygoa.  A  frog's  muscle,  suspended  in  an 
atmosphere  of  nitrogen,  will  remain  irritable  for  some  considerable 
time,  and  at  each  vigDrous  tetanus  an  iucreose  in  the  production 
of  carbonic  acid  m:iy  bo  readily  uscert^iinud. 

Moreover,  tliere  seems  to  be  a  correspondence  between  the 
energy  uf  the  contraction  and  the  amouTit  of  carbonic  acid  and 
tha  dt^ree  of  acid  reaction  produced,  so  that,  though  we  arc  now 
treading  on  somewhat  uncertain  ground,  we  are  naturally  led  to  th« 
view  that  the  ess«ntinl  chemical  process,  lying  at  the  bottom  of  a 
muscular  contraction  as  of  rigur  mortis,  is  the  splitting-up  of  some 
highly  complex  substance.  But  here  the  resemblance  between  rigor 
mortis  and  contraction  ends.  We  have  no  satisfactory  evidence  of 
the  formation  during  a  contraction  of  any  body  like  myosin.  And 
this  difference  in  chemical  results  tallies  witti  an  important  physical 
difference  between  rigid  muscle  and  contracting  muscle.  The 
rigid  muscle,  as  we  have  seen,  becomes  le«s  extensible,  less  elastic, 
loss  translucent ;  the  contracting  muscle  remains  no  leas  trans- 
lucent, elastic,  and  extensible  than  the  resting  muscle,  —  indeed, 
there  are  reasons  for  thinking  that  the  muscle  in  contracting 
becomes  actually  m^Te  extensible  for  tlie  time  being. 

But  if,during  a  contraction,  myosin  is  not  formed,  what  chnng«s 
of  proteid  or  nitrogenous  matt^'r  do  take  place  ?  We  do  not  kuow- 
We  have  no  evidence  that  kreatin,  or  any  other  nitrogenous 
extractive,  is  increased  by  the  contraction  of  muscle;  we  have  no 
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witisfactAr;  evidence  of  any  nitrogen  vrasie  at  all  us  the  icsuH  of  a 
coDtntction  ;  and.  indeed,  as  we  shall  see  later  on,  the  study  of  the 
waste  products  of  the  body  as  a  whole  leads  us  to  belif  ve  Uiai  thu 
fQer}^  of  the  work  dorn;  by  the  jiiiuiules  of  the  body  com«s  from 
the  potential  encr{>y  of  carbon  compounds,  and  not  of  nitrog«u 
compounds  at  iilL     itut  to  this  point  wv  shall  have  to  return. 

§  61.  We  may  suiu  up  the  chemistry  of  lausclo  somewliat  as 
follows : — 

During  life  the  musculaT  substauce  is  continually  taking  up 
from  the  blood,  that  is  from  the  lymph.  prot«id,  fatty  aod  carbo- 
hydrate material,  saline  matters  and  oxygen ;  thejte  it  builds  up 
into  itself,  how,  we  do  not  koow,  and  so  forms  the  peculiar  complex 
living  muscular  substance.  The  exact  nature  of  this  living  .'Sub- 
stance it  unknown  to  u».  What  wc  do  know  is  that  it  is  largely 
'  composed  of  proUiid  material,  and  thai  «uch  bodies  as  myosinogen, 
myoglobultu,  and  albumin,  being  always  prosent  in  it,  have 
probably  something  to  do  with  the  building  of  it  up. 

During  reatthis  muscular  sub.4tniice,whili;  taking  in  and  build- 
ing itself  up  out  of,  or  by  means  of,  the  above-nu^nUont^d  materials, 
is  continually  giving  olT  carbonic  acid,  and  continually  forming 
oitrogenous  waste,  such  as  kreatin.  It  also  probably  gives  ofT  itome 
amoant  of  sarcoloctic  acid,  and  poesibly  oUier  non-nitrogenous 
waste  matters. 

During  a  conlraclioii  there  is  a  great  increase  in  the  amount 
of  carbonic  acid  given  otT,  an  iucrvased  foruiution  of  lactic  acid, 
and  poflsibly  other  changes  giving  rise  to  an  acid  reaction,  a  greater 
eonsumpUon  of  osygeu,  though  the  increase  is  not  equal  to  the 
increase  of  earbonic  acid,  but.  as  far  as  we  can  learn,  no  increase 
of  nitrogenous  waste. 

During  n;;or  mortis,  there  is  a  similar  increased  production  of 
carbonic  acid  and  of  some  other  acid-producing  substance,  ac- 
companied by  a  remarkable  conversion  of  inyosinogun  into  myosin, 
by  which  the  rigidity  of  the  dead  fibre  is  brought  about. 


ThfrmtU    Chanyts. 

§  62.  The  chemical  changes  during  a  contraction  set  free  A 
quantity  of  energy,  but  only  a  ]>rjrtion  of  this  energy  appears  in 
trie  'work  doni- ;'  a  considerable  portion  takes  on  the  form  of  heat. 
Though  we  shall  have  hereafter  to  treat  this  subject  more  fully, 
the  leading  facts  may  be  given  here. 

Whenever  a  nniKcle  contrno-l.*,  it.«  temperature  rises,  indicating 
tiiat  heat  is  given  out.  Wlu-;i  a  mi'nnry  thermometer  is  plunged 
into  a  ma9>«of  muscle.-*,  such  ax  those  of  the  thigh  of  the  dog.  a  ri!>e 
of  the  mercury  is  observed  upon  the  muscles  being  thrown  into  n 
prolonged  contraction.  More  eiact  results  however  are  obtained 
by  means  of  a  thermopile,  by  the  help  of  which  the  rise  of  tempera- 
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ture  causod  by  a  few  rtpt-ated  single  contraotions,  or,  iDdiscd,  by  a 
single  CDii traction,  iniiy  be  obsL-rvwl,  and  ihi;  umouDl  of  huat  givvu 
out  apprw.viimitiv>-Jy  measured 

The  tlierniopilii  ni:iy  (itiiiBist  cither  of  ft  single  junction,  in  the  form  of 
&  neeille  pKui^i'il  iittit  tho  «ub«<i>i)Co  of  tlio  muscle ;  or  of  •ereral  junctions 
«it)ii>r  in  tUe  simpo  of  a  Elat  ^-iirfaco  carefully  oppused  to  the  surface  of 
iniudu  (til--  piti^  bi'iii^  baliiiicnd  so  as  to  move  with  the  coiiiracting 
mtiactf,  luul  tiius  U>  kcL-p  lh>;  cuntact  exai't),  or  in  the  shapo  of  a  thin 
wciigD,  lh«  i!c1ku  of  which,  fumpriBiiig  thu  actual  junctions,  ih  ihruat  into 
•  taiwa  of  iDusi'los  luid  held  in  position  hy  tlieui.  In  idl  utiaoii  the  felluw 
junction  i!T  junctions  mtut  hn  kept  Hi  a  ciuisUixil  tunipL'Mturo. 

Aniitiii^r  <lelii:iit':  innthLn!  uf  Jelorniiniii};  thu  clmni^*^^  of  tem]wratnra 
of  n  tissllo  is  hnaoil  npcin  tho  mnn-iunttiiant  ul'  ullunttions  iu  cluctrio 
rwi^taiica  which  a  fin«  wiro,  in  contact  wilh  or  pbingixl  into  the  tinuu, 
undergoes  as  th«  teuporaturo  of  tho  tissue  changes- 
It  has  been  culculntcd  tliut  the  hunt  f^ivcn  out  by  the  niusck-s  of 
the  thigh  of  a  f  rug  iiia.'<;inglcconlnictioufiiuouuts  to  3*1  niicTo-uuits 
of  heat'  for  each  gramme  of  muscle,  the  pesull  being  obtained  by 
dividing  by  live  the  total  amount  of  heat  given  out  iu  Bve  succes* 
sive  single  contractions.  It  will,  however,  be  safer  to  regard  tiKse 
figures  as  illustrative  of  the  fact  that  the  heat  given  out  is  consider- 
able rather  than  as  data  for  elnbortite  calculations.  Moreover,  we 
have  no  satisfactory  quantibitivu  dcturminatious  of  the  heat  given 
out  by  tho  mu.*cle3  of  warm  blooded  animals,  though  there  can  be 
DO  doubt  tiiat  it  is  much  greater  than  that  given  out  by  the  muscles 
of  the  frog. 

There  can  hardly  be  any  doubt  that  the  heat  thus  set  free  ia 
the  prod  Vict  of  chemical  changes  within  the  rauftcle.  changes,  which, 
though  they  cannot,  for  the  rwasons  given  above  (§  60),  be  regarded 
03  simple  and  direct  oxiilntiuns,  yet.  since  they  are  proc«»«es 
dependunt  on  the  antecedent  entmncu  of  oxygen  into  the  muscle, 
may  be  spoken  of  in  general  terms  as  a  combustion.  Ho  that  the 
muscle  may  be  likened  to  a  steam-engine,  in  which  the  combus- 
tion of  a  certain  amount  of  material  gives  rise  to  tlie  development 
rf  energy  in  two  forms,  as  heat  and  as  movement,  there  being 
certain  quantitative  lelatioos  between  the  amount  of  energy  set 
free  as  heat  and  thatgiving  rise  to  movement.  We  must,  however, 
cnrefully  guard  ourselves  against  pressing  this  analogy  too  closely. 
In  the  steam-engine,  we  can  distinguish  clearly  between  the  fuel 
which,  through  its  combustion,  is  the  sole  source  of  energy,  and  the 
machinery,  which  is  not  consumed  to  provide  energy,  and  only 
suffers  wear  and  tear.  In  the  mu»cle  vtv  cannot  with  certainty  nt 
present  make  such  a  distinction.  It  mav  i>e  that  the  chemicnl 
changes  at  the  bottom  of  a  contraction  ao  not  involve  tlie  r^al 
living  material  of  the  fibre,  but  only  some  subsiancc,  manufactured 
by  the  living  mut«rial  and  lodged  in  some  way.  we  do  not  know 

>  Tbe  mlcro-onii  bHag  n  mtDignmiM  of  wum  niatd  «tie  •Idtin*  TCBtignuk. 
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bow,  in  till;  living  mntorial ;  it  may  W  tlitit  whoa  a  QhiK  contracts 
itistliissubqUiiii-i^  wiiKin  llio  fibre  vrhicliL-xplodi-s.niiil  mil  the  fibre 
Haelf.  I(  vf<^  further  .iiipjiaie  Unit  this  siili»laiit;i>  is  some  nmi]il«x 
COiDtmuud  of  carlion  atii)  hydrogon.iiilo  which  no  nitrogen  eiil>*rs,  we 
shall  have  an  «xplanation  of  the  ditficulty  referred  to  abov(>  (§  60), 
Damely,  tbnt  oitrojieuous  waslt;  is  not  iucrvascd  by  a  contraction. 
Th«  s[>v«i«l  contmctilfl.  curbon-bjdrogdn  substance  may  then  be 
impMred  to  thu  chftrgu  of  a  gtin,  thu  products  of  its  explosion 
tiag  carbonic  and  parcolactii'^  acids,  whiU?  ihi^  ival,  living  tnaU-riiil 
Eof  the  fibre  may  be  compared  to  the  gun  itself ;  but  to  a,  gun  which 
Fitself  is  continually  undergoing  change,  far  beyond  mere  wear  and 
tear,  among  the  products  of  which  change  nitrogenous  bodies  like 
kreatin  are  conspicuous.  This  view  will  certainly  explain  why 
krvatin  is  not  incivased  during  the  contraction  while  tlie  carbonic 
and  luetic  acids  are.  But  it  nitist  be  rcnienilK-red  that  sucb  a  view 
is  not  yet  proved;  it  may  be  the  living  nmterial  of  the  fibre  as  a 
rbole  which  is  continually  breaking  down  in  an  explosive  dccoui- 
ution,  and  as  continually  building  itself  up  again  out  of  the 
material  supplied  by  the  blood. 

lu  a  steam-engine  only  a  certain  amount  of  the  total  potetilial 

energy  of  the  fuel  issues  as  work,  the  rest  being  lost  as  heat,  the 

ijroportion  varying,  but  the  work  rarely,  if  ever,  exceeding  one- 

' tenth  of  the  total  energy,  and  generally  being  less.     In  tlie  case  of 

tlie  muscle  we  arc  not  at  present  in  a  position  to  draw  up  an  exact 

eciuation  between  the  latent  ener^'  on  the  one  hand  iinil  the  two 

forms  of  actual  energy  on  the  other.     We  have  reason  to  think 

that  the  proportion  between  heat  (ind  work  varies  considerably 

tmdcr  difTcrent  circumstances,  the  work  soumlinies  rising  as  high 

oott-Gfth,  or,  according  to  some,  as  high  even  as  one-haH.  some- 

possibly  sinking  as  low  as  one  twenly-fourlli  of  the  total 

wrgy  i  and  observatioiis  seem  to  shew  that  the  greater  the  ro- 

'eistance  which  the  muscle  has  to  overcome,  the  larger  the  proportion 

of  the  total  energy  expended,  which  goes  out  as  work  done.     The 

loscle,  in  fact,  seems  to  be  so  far  stdf-regulating,  that  the  more 

rork  it  has  to  do,  the  greater,  within  certain  limits,  is  the  economy 

'with  which  it  works. 

Lastly,  it  mn^t  he  mmcmbered  that  the  giving  out  of  heat  by 
Uie  muscle  is  not  ctmfined  to  the  occasions  when  it  is  actually  con- 
tructiuu  When,  at  a  later  peritNl,  we  treat  of  the  heat  of  the  body 
1  generally,  evidence  will  t>e  brought  forward  that  the  muscles,  even 
vben  at  rest,  are  giving  rise  to  heat,  so  tliat  tlie  heat  given  out  at 
(contraction  is  not  some  wholly  newphenomcnon.but  a  temporary 
exaggeration  of  what  is  continually  going  on  at  a  more  feeble 
rate. 

EUctrieal  Chanjea. 

§  63.     Besides  chemical  ond  thermal  changes  a  remarkable 
deiAnc  change  takes  place  whenever  a  muscle  contracts. 
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Jtfuade-eurrents.  If  a  muscle  be  removed  in  an  ordinary 
manner  from  the  body,  and  two  noo-polarisable  electrodes,'  con- 
nected with  a  dclioutc  galvdnoineter  of  many  convglutions  and 
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Tia.  IB-    No7t-r<iL>Ki*,tii<,K  Klbotkooes. 

a,  tho  glru*  ti]li<> ;  t.  the  ftniHlfnunnlxiI  tinr  ii1ii>i  roiiuwUMl  with  their  rMpMCiiv 
irirM;  (.  $..  the  ann  niilpliate  wlati'iit,  eh.  c,  (lie  plug  v(  cliinB  clav :  t',  the  portiun 
of  tho  chi&B-vlav  pin);  I'pijwtui);  from  the  eOil  <il  tliu  tulju  thi»  iiui  be  niuuliled  into 
■ny  roqiUKil  iuriu. 

high  resistftuco,  be  placed  on  two  points  fif  the  siirfnre  of  ibo 
mtuicle,  a  deflection  of  the  galvanometer  will  take  place,  indicating 
tho  existence  of  a  current  pasam;^  through  the  galvanometer  from 
the  one  point  of  the  muscle  to  the  other,  the  direction  and 
amount  of  the  deflection  varying  according  to  the  position  of  the 
points.  The  '  muscle-currents  '  thus  revealed  nre  seen  to  the  best 
advantage  when  the  nniscle  chosen  is  n  cylindrical  or  prismtitic 
one  with  parallel  fibres,  and  when  the  two  tendinous  ends  an;  cut 
off  by  clean  iiicisioiis  at  right  nngleii  to  the  longaxiR  of  ilic-  muscle. 
The  muscle  then  preaenU  a  transverse  section  fartificial)  at  each 
end,  and  a  longitudinal  surface.  We  may  sjwalt  of  the  latter  a.s 
being  divided  into  two  equal  parts  by  an  imaginary  tfansverae  line 
on  its  surface  called  the  '  e(iuator.'  contjiining  all  the  points  of  the 
surface  midway  lictwoen  the  two  ends.  Fig.  19  is  a  diagrammatic 
representation  of  such  a  inusole,  the  line  ab  hcinf;  the  equator.  In 
such  a  muscle  the  development  of  the  muacle-curreuts  is  fouud  lo 
bo  as  follows. 


■  Ttww  (Fig  lH]  «unrill  WMartlUy  Ot  a  flip  of  Ik-Trwighly  amnlaaniolrd  line 
di(>pillE  iuto  a  oitnmlnJ  nolallon  of  lIllC  anlphfttn,  whii'h.  in  tiini.  i"  Imm^ht  into 
vniiiiorlioii  nriili  \\w  nxrvn  nr  miurln  b^  ID  nun  of  ■  IiIiiK  "r  l<rtil]|w  ot  chiiin-rlitr. 
iiioiHIviiiiU  Kilh  ixirmiil  xHliiiin  chloriilo  (olulion  .  it  ■•  imiiorlniil  tlirit  tliii  xiiii-  hIioiiU 
lifl  IhiifiiijTiilj  Hiii!iliri"iiitiid.  Thi«  («rm  nf  clectrodM  )tivn«  riM>  ti>  Inwi  )B>lnFliialiiin 
llinri  'Ui  piiitiiil''  (p|:iiiiiiiiii  ■>t  rojiprr  elpclriilcji  The  tiny  iiffiinU  n  ooimoi'iioii  lie- 
l»«"ii  tlip  iiw  mill  ihe  tl»uc  nhkh  in'itliiT  tuiVf  on  the  (Ihuc  nor  U  noliul  on  by  the 
ti»uc<.  Cotiini-i  uf  noj  tiMUo  with  (upper  or  plaliiiunt  ii  in  itMU  iDfltdinit  lo 
dovniupo  n  cnrrcnt. 
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Thf  greatest  deflection  is  observed  when  one  clectiodc  is  placed 
nt  the  iiiid-point  or  equator  of  the  muRcle,  niid  th«  other  iit  cither 
cut  end ;  nnd  th«  dLrii-ctioii  ia  of  such  a  kind  as  to  shew  ttint  ii'mi- 
tJvecurT«iilN  are  cniitiiitiiilly  piwsing  from  the  equator  thrnu^^h  the 
galvaaoniet«r  to  the  cut  t^'ud ;  that  is  to  suy.  the  cuteiid  is  negative 
reUtivelv  to  the  eauawr.  The  currents  rmtsidc  the  muscle  may  lie 
considered  as  completed  by  currents  tn  tk«  mtacU  from  the  cut  end 
tu  the  equator.    Id  the  diagram  Hg.  10,  tlie  arrows  indicate  the 
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Fw.  10-  DiioKiii  tu.riTRiTiico  tiiE  Kt.BCTRir  CcRREirnor  Nkkvh  avo  Mt'M.'ui, 

lt«)B|[  parol  I  (tiaerammntlc.  it  may  httc  Tor*  piorr  rllhorol  imrvc  iirof  mnMle. 
■*t*]>t  thai  the  rnrreiiU  M  cbc  inuuvtmt  HylioD  caniint  bo  »h«wn  to  a  uvrve     Tho 
I  ihen  ihi:  direction  of  the  currriit  through  the  galrsnoinMBr. 


at  iba  ei|DUi:ir,  I'hc  nrunjtnat  cnrronln  kr*  thnm  xhfwii  Iit  IIiP  tlnrk  linrr.  u 
I  a,  M  aqOUUr,  lo  r  or  (o  1/  nl  tUi>  viii  ciiil*.  Tho  rurrant  (fnii  n  tn  r  it  nrakiT 
I  flam  out  f,  thou)[h  both,  m  *hawii  1>y  thn  armwii.  hnvd  the  Htiiin  •[ln>rt"-ii.  A 
ramM  b  •buau  from  r.  wliich  i>  aeta  the  oqnmtor.  to/i  whidi  in  lurtlwr  (pun  the 
•qaMor.  Th*  ctlmiiit  (in  iiiuicle)  frum  ■  point  in  the  firvninfrmiicn  ti>  a  fiial 
MBfet  thr  nntro  ot  the  tnuwirrw  tertian  1)  shewu  nl  yA,  From  a  to  botttVUI 
I  to  II  thttv  *■  IK>  coneiit,  01  indicaltft  bf  tho  dotted  lin». 

direction  of  the  currents.  If  the  one  electroile  be  plaix-d  nt  the 
tMjtutor  "£.  the  effect  is  the  same  st  whichever  of  the  two  out  ends  x 
orythe  otheris  placed.  If.oneelectrodereniRiiiingnttheeqiialor, 
tbe  other  he  shifted  from  the  cut  end  to  a  spot  e  nearer  to  the 
equator,  the  current  continues  to  have  the  same  direction,  but  is  of 
le«3  intensity  in  proportiou  to  the  nearness  of  the  electrodes  to  each 
other.  If  the  two  eli^^tnides  be  plac.tl  nt  unt-quHl  distances  t  and  /, 
one  on  rithur  side  of  the  "."(nnt^jr,  there  will  be  a  feeble  current  fnim 
tb«  onr  nejtrtrr  the  equator  to  tlie  one  fnrtlier  off,  and  the  current 
will  lie  the  feebler,  the  more  nearly  they  are  erjuiilistant  from  the 
er|uatar.  If  they  are  qaite  equidistant,  as,  for  instance,  when  one  is 
placed  on  one  cut  end  r,  and  the  other  on  the  other  cut  end  t/,  there 
will  he  no  current  at  all. 

If  tme  electrode  \m  placed  at  the  circnmfercnoe  of  the  transverM 
flMtioD  aiMl  ihv  other  at  th<i  centre  of  the  transverse  sectioa,  tb«n 
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will  be  a  current  through  the  gnlvnnomcter  from  the  former  to 
the  latter;  there  will  be  a  current  at  similar  ilir«ction  but  of  less 
intausitj'  whBD  oue  electrode  is  at  the  cimuuiference  r/  of  the  Irans- 
rerse  section,  aod  thuuthtTatsotuepoint/t  nearer  the  centre  of  the 
tranBVcrsc  suctiun,  Iti  (net,  the  points  which  arc  rclativL-ly  most 
pusttivv  and  must  ut^^^ative  to  wnch  other  ure  puiuts  on  thi-  t;t]uator 
und  the  two  centivs  of  the  tran^vt^rse  suctions  ;  and  the  intensity  of 
the  current  between  any  two  points  will  dciiend  on  the  reepective 
diiitanci^K  of  those  puinU  from  the  equator  and  from  the  centre  of 
the  transverse  section. 

Similar  currents  may  be  observed  when  the  longitudinal  surface 
is  not  the  natural  but  an  artificial  one;  indeed  they  may  bo  wit- 
nessed in  even  a  piece  of  muscle  provided  it  be  of  cylindriail  shape 
and  composed  of  parallel  fibres. 

These  '  muscle-currents'  are  not  mere  trnnsitorj'  currents  dis- 
npiwaring  as  soon  ns  the  circuit  is  closed  ;  on  the  contrary,  they 
Iftsta  very  consiilerable  lime.  They  must,  therefore,  be  maintained 
by  dome  chnnges  going  on  in  the  muscle,  by  continued  chemical 
action  in  fact.  They  disappear  as  the  irritability  of  the  muscle 
vanishes,  and  are  connected  with  those  nutritive,  so-cuUcd  vital 
changes  which  maintain  the  irritability  of  the  muscle 

Muscle-currents,  such  as  have  just  been  described,  uiny,  wfc  tD- 
peat,  be  observed  in  any  cyliiidrica]  muscle  suitably  prepared,  and 
siiuilnr  currents,  with  variations  which  need  not  be  discussed  here, 
may  be  seen  in  muscles  of  irregular  sliaini  with  obliquely  or  other- 
wise arranged  fibres.  And  l)u  Hois-Keymond,  to  whom  chiefly  we 
ert;  indebted  for  our  knowledge  of  these  currents,  has  been  led  to 
regard  them  as  essential  and  important  properties  of  living  muscle. 
He  has  moreover  advanced  the  theory  that  muscle  may  be  con- 
sidered as  composed  of  electro-molive  particles  or  molecules,  each 
of  which,  like  the  muscle  at  large,  hus  a  positive  equator  and  nega- 
tive ends,  the  whole  muscle  being  made  up  of  these  molecules  in 
somewhat  the  same  way  (to  u.se  an  illustralrcin  wliich  must  not. 
however,  be  strained  or  considered  as  an  exact  one)  as  a  maguet 
may  be  supposed  to  be  made  up  of  magnetic  particles,  each  with 
its  north  and  south  pole. 

There  are  reaBons,  however,  for  thinking  that  these  muscle- 
currenw  have  no  such  fundamental  origin,  that  they  are  in  fact  of 
surface  and  indeed  of  itrtiticial  origin.  Without  entering  into  the 
controversy  on  this  question,  the  following  important  facts  maybe 
mentioned :  — 

1.  When  a  muscle  is  examined  while  it  still  retoius  uninjured 
its  nttural  leiidinnns  terniination.s,  ihe  currents  are  much  weaker 
than  when  artificial  transverse  sections  have  been  nude;  the 
natural  tendinous  end  is  less  negative  than  the  cut  surface.  But 
the  tendinous  ni''  '  '  at  once  negative  when  it  is  dipped 

in  ve'^-  "  in  any  way  injurud.    The 
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inuKle-cumaUi ;  and  it  is  tnaiDtained  thiit  if  QdvquatP  care  be 
taken  to  maintain  a  tousclc  ii>  an  absolutely  natural  coudilion.  no 
sncli  irum'nts  ns  thoso  vfc  liavv  l>ei3n  descriliing  exist  at  nil,  that 
natural  living  ninscli-  is  is/v-tectric,  as  it  is  called. 

2.  TUf-  siirfftCf  of  ih('  uninjiin^ii  inactive  '  ventricle  of  the  ftojj's 
heart,  vi'hicli  ispraciicallya  mass  of  muscle,  is  isoelectri<',  no  current 
ia  obtained  when  the  electrodes  are  placed  on  nny  two  point.t  of  ilie 
surface.  If,  however,  any  part  of  tli«  surface  be  injured,  or  if  the 
Tentricle  be  cut  across  so  as  to  expose  a  cut  surfnee.  the  injured  spot 
or  the  cut  surface  bccomw  at  once  powerfully  negative  towards 
the  uniujuR'd  surface,  a  strong  current  Iwing  dirveloiurd  which  pastrcs 
thmvigh  the  galvanometer  from  the  uuinjiin-d  surfacu  to  the  cut 
surface  or  to  the  injured  spot.  The  negnlivity  thus  d(;veloi>cd  iu 
a  cut  surface  passes  oli'  in  the  course  of  some  honni,  but  may  be 
nstoted  by  making  a  fresh  cut  and  exposing  a  fresh  siirfaco. 

Tlie  temporary'  duration  of  the  negativity  after  injury,  and  its 
renewal  upon  fresh  injury,  in  the  cnse  of  the  ventricle,  in  contrnst 
to  the  more  permanent  negativity  of  injured  skeletal  nniscle,  is 
expluiued  by  the  ditterent  structure  of  the  two  kinds,  of  muscle. 
Tlitf  cardiac  muscli*.  as  we  shall  hereafter  see,  is  composed  of  short 
fibiv-cvlls;  when  a  cut  is  nindc  a  certain  number  of  these  Bhre- 
cclls  are  injured,  giving  rise  to  negativity,  but  thu  injury  done  to 
them  stufis  with  thi^iH,  and  i^  not  propiignted  to  the  cells  with 
which  they  are  in  contact ;  hence,  upon  their  death  the  negntivity 
and  the  ctirrent  disappear.  A  fresh  cut  involving  new  ccIIm,  pro- 
doccs  fresh  negativity  and  a  new  current.  In  the  long  fibres  of 
the  skeletal  niuacle,  on  the  other  hand,  the  effects  of  the  injutj 
are  slowly  propagated  along  the  fibre  from  the  spot  injured. 

Now,  when  a  muscle  is  cut  or  injured,  the  substance  of  the 
fibres  dies  at  the  cut  or  injured  surf»c<-.  And  many  physiologista. 
among  whom  the  most  preminont  is  Hermann,  havi.r  been  led,  by 
tlie  above  and  other  facts,  t>i  the  conclusion  that  UitiKclc-currents 
do  not  exist  naturally  in  untouched,  uninjured  muscles,  ihiit  the 
mtiscular  substance  is  nnturnlly,  when  living,  isoelectric,  but  that 
whenever  »  portion  of  the  muscular  substance  dies,  it  beeomes 
trhilt  ifyinff  negative  to  the  living  substance,  and  thus  gives  rise 
to  currents.  They  explain  the  typical  currents  (os  they  might  be 
called)  manifested  by  a  muscle  with  a  natural  longitudinal  surface 
sad  artificial  transverse  sections,  by  the  fact  that  the  dying  cut 
ends  are>  negntive  relatively  to  the  nsat  of  the  muscle. 

I)u  itois-Ki-ymond  ami  those  with  him  offer  special  explanations 
of  the  alwn'e  facts  and  of  otlier  objections  which  have  been  urged 
against  the  theory  of  naturally  existing  electro-motive  molecules. 
Into  th'-se  we  cannot  enter  here.  Wo  must  rest  content  with  the 
statement  that  in  an  ordinary  muscle  currents,  such  as  have  Vit-en 
dcicribed,  may  he  witnessed,  but  that  streng  arguments  may  be 
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adduced  in  favour  of  tb«  view  that  thi>se  currents  are  not '  natural ' 
phenomeua.  but  essentially  of  artiticial  origin.  It  will  therefore  be 
beat  to  speak  of  them  as  eurrcttti  of  rest. 

§  M.  Currents  of  action.  Ncijntivc  variation  of  the  Mmde- 
current.  Tlic  coutroversy  whetbiT  the '  currents  of  mst '  obsi-rvabli! 
in  B  musclu  be  of  ntttiiiiil  origin  or  imt,  tioes  not  affect  the  tnilli 
or  the  i  111  porta  I  ice  of  the  fact  lliat  an  electrical  change  takes  place, 
and  a  current  is  developed  in  a  miiacle  whenever  it  enters  into  a 
contraction.  When  cnrrenta  of  rest  are  observable  in  a  muscle, 
these  are  found  to  undergo  a  diminution  upou  the  occurrence  of  b 
contraction,  and  this  diminution  is  spoken  of  oa  '  the  negativu 
variation '  of  the  currents  of  rest.  The  iiegutive  viiriution  may  bo 
Seen  when  n  muscle  is  thrown  into  a  single  cvntmctioii,  hut  in  most 
leodily  shuwu  when  the  muscle  is  teUinized.  Tims,  if  a  pair  of 
electroilus  bu  placed  on  a  uhlscIi-,  oho  at  the  equator,  and  the 
other  at  or  ni>ar  the  transverse  section,  so  that  a  considerable 
deflection  of  the  galvanometer  needle,  indicating  a  considerable 
current  of  rest,  be  gained,  the  needle  of  the  galvanometer  will, 
when  the  muscle  ia  telanizcd  by  an  interrupted  currvnt  sent 
through  its  nerve  (at  a  point  too  fur  from  the  muscle  to  allow  of 
any  mcnpe  of  the  cunvmt  int«  the  eleCtrodt^'S  i'onnci:tcd  with  tho 
galvanometer),  swing  back  ti.>wiirds  h'itd  ;  iL  n^turiis  to  its  origiDal 
d«tiectii>u  when  the  tetanizlug  current  Is  simt  off. 

Not  only  may  this  negative  variation  he  .ihewn  by  the  galvano- 
meter, but  it,  as  well  as  the  current  of  i«Ht,  may  be  used  as  a 
galvanic  shock,  and  so  employed  to  stimulate  a  muscle,  as  in  tha 
experiment  known  as  '  the  rheoscopic  frog."  For  this  purpose  the 
muscles  and  nerves  ueod  u>  be  in  thoroughly  good  condition,  and 
very  irritable.  Two  iiiuscle-uervo  preparations,  A  and  B.  having 
Iweo  made,  and  each  placed  on  »  glass  plaU;  for  the  sake  of  insula- 
tion, the  norve  of  the  one,  B.  in  ullowed  to  (all  on  the  inuncle  of  the 
other.  A,  in  such  a  way  that  one  puiut  of  the  nerve  comes  in 
contact  with  the  equator  of  the  muscle,  and  another  point  with 
one  end  of  the  muscle  or  with  a  point  at  some  distance  from  the 
equator.  At  the  moment  the  nerve  is  let  fall  and  contact  made,  a 
current,  vii.  the  '  current  of  rest "  of  the  muscle  A,  passes  through 
the  nerve ;  this  acts  as  a  stimulus  to  the  nerve,  and  so  ciiuses 
a  contraction  in  the  muscle  connected  with  a  nerve.  Thus  the 
mnsolc  A  act*  as  a  battery,  the  completion  of  the  circuit  of  which 
by  riiearLs  of  the  nerve  of  £  serves  as  a  stimulus,  causing  the 
mu.icle  a  to  contract 

If,  while  tlie  nerve  of  B  is  still  in  contact  with  the  muscle  of  A, 
the  nerve  of  the  latter  is  tetanized  with  an  interrupted  current, 
not  only  is  the  muacle  of  A  thrown  into  tetanus,  but  also  that  of 
B :  the  reason  being  as  follows.  At  each  spasm  of  which  the 
tetanus  of  A  is  made  up,  there  is  a  negative  variation  of  the 
muscle  current  of  A.  Each  negiitive  variation  of  the  muscle 
current  of  A  serves  as  a  stimulus  to  the  nerve  of  B,  and  is  hence 
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the  cause  of  a  spasm  in  the  muscle  ot  B;  and  the  stimuli  following 
each  other  rapidlj",  as  bt'iug  produred  by  tha  tetanus  ot  A,  they 
must  do.  the  spEisuia  in  /i  to  which  they  give  rUe  btd  also  fused  into 
B  tetanus  iu  B.  B,  in  fact,  contracts  iu  harmony  with  A.  Thia 
e3C]>urin)vnt  shews  that  the  negative  variation  tir  com  puny  iii"  the 
tetanus  of  a  luuiicle.  though  it  causes  only  a  Hiiijrle  swing  ot  th« 
I  galvanometer,  is  really  made  up  of  a  .leries  of  negative  vnriatiuus, 
,  each  single  negative  variation  corresponding  to  the  single  spasms 
of  which  the  tetanus  is  made  up. 

Itut  an  eli-ctriciil  chitngu  may  hv  manifested  even  in  cases  when 

I  no  currents  of  re-st  exist.     We  hav«  stated  (§  liS)  that  the  surface 

of  the  uninjured  inactive  ventricle  of  the  frog's  heart  is  isoi-leetric, 

I  Bo  currents  lifing  observed  when  the  eleclrodes  of  a  gtilviuiumeUT 

l»re  placed  on  two  points  of  the  surface.     Nevertheless,  a  nmsl 

,  dintinct  current  is  developed  whenever  the  ventricle  contracts. 

This  may  be  shewn  either  by  the  galvanometer  or  by  the  rheo- 

^acopic  frog.     If  the  nerve  of  an  irritable  muscle-nerve  preparation 

laid  over  a  pulsating  ventricle,  each  beat  is  responded  to  by  a 

'  twiteh  of  the  muscle  of  the  preparation.     In  the  case  of  ordinary 

tuoscles.  too.  instances  occur  in  which  it  suenis  impossible  to  regard 

■  th«  electriml  change  manifested  during   the  contraction  as  the 

mere  diminutinu  of  a  preexisting  current. 

Acconlingly  those  who  deny  the  existence  of '  natural '  nuiscle- 
currenu  Hpeak  of  a  muscle  as  developing  during  a  contraction  a 
'  current  of  action,*  occasioned  as  they  believe  by  the  muscular  sub- 
stance as  it  is  entering  into  the  stAte  of  contraction,  becoming 
'  D^ative  towards  the  muscular  substance  which  is  still  at  rest,  or 
baa  returned  toa  statv  of  rest.  In  fact,  thoy  regard  the  negativity 
of  ntnscular  substance  as  charactvriKlic  aliko  of  beginning  d<.-«itli 
and  of  a  beginning  contraction.  So  that  in  a  muscular  contraction 
a  wav*-  of  negativity,  starting  frt>m  the  end-plate  when  indirect,  or 
from  the  point  stimulated  when  dii«ct  stimulation  is  used.  pa.sses 
along  the  muscular  substance  to  the  ends  or  end  of  the  fibre. 

If,  for  instance,  we  suppose  two  electrodes  placed  on  two  pointa 

(Fig.  20),  A  and  B.  of  a  fibre  about 
to  be  stimulated  by  a  single  induc- 
tion-shock at  one  end.  fVfore  the 
stimulation  the  fd>re  is  isotdcctrie, 
and  the  nvrtlle  of  the  galvanometer 
stands  at  xero.  At  a  certain  time 
after  the  shock  has  been  sent 
through  the  stimulating  electrodes 
(x),  as  the  wave  of  contraction  is 
travelling  down  the  fibre,  the  suc- 
tion of  the  fibre  beneath  A  will 
becunc  negative  towards  tlie  rest 
of  the  fibre,  and  so  negative  towards 
fM.  SO.  the  portion  of  the  Bbre  under  B, 
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t.ft  A  will  be  u«gatin  relatively  to  S,  and  this  will  bo  shewn  by 
a  deflectiOD  of  tb«  ne«iUe.  A  liuk-  later.  B  will  \k  entering  into 
oontnctioo,  and  will  be  becoming  negative  towurds  ibe  tv^l  of  the 
libre,  including  the  part  nnder  A,  who«e  n^atjvity  by  tliis  time 
is  passing  off;  tli&t  is  to  say.  H  will  now  be  oe^iative  towanb  A, 
and  this  will  be  shvwa  by  a  detlectioii  of  th«  needle  io  a  directioD 
oppowte  to  that  of  thv  deflection  which  has  just  previously  taken 
place.  Hence,  belwuon  two  electrodee  placed  along  a  fibre,  a  single 
wave  of  contraction  will  give  rise  to  two  cnnvnls  of  different 
phases,  to  a  di{^a«ic  cbaugo;  and  this,  indeed,  is  found  to  be 
the  case. 

This  being  so,  it  a  obvioiu  that  the  electrical  result  of  tetaniziog 
a  muscle  when  wave  after  wave  follows  along  each  tibre,  is  a  com- 
plex inniii^r;  but  it  is  niaiiiuiint-d  that  the  apparent  negative 
variation  of  tetanu.<t  cau  be  explaincil  as  the  net  result  of  a  series  of 
carreotd  of  action,  due  to  the  individual  contractions,  the  second 
phase  of  the  current  in  each  contraction  being  less  marked  than 
the  first  phase.  We  cannot,  however,  enter  mote  fully  here  into  a 
discussion  of  this  dtfBcult  subject. 

When  w  study,  b«  we  may  do  with  the  help  of  appropriate 
apparatus,  the  mpidity  with  which  the  electrical  change  accompany- 
ing a  mosculiiT  coutntctioii  travels,  we  find  it  to  be  the  same  as 
that  of  the  contraction  wave  il^lf.  The  old^-r  obscrvatiooe  seemed 
to  shew  lliat  ttie  electrical  change  fell  enlirvly  witliin  the  latent 
period,  and  might,  therefore,  be  ivgaidcd  *i  an  ontn'ard  token  of 
iDviaible  niolecular  ptoceseee,  occupying  the  latent  perioil.  and 
aweepiog  along  the  ODOMnlar  fibre  ahead  of  and  prt-i»3ri[i^  for  the 
visible  change  of  form.  And,  indeed,  since  we  ere  led  to  legaid 
the  change  of  form  as  the  result  of  chemical  processes  taking  ^aoe 
in  the  muscular  substance,  we  tDUst  suppose  that  the  change  of 
form  is  preceded  by  molecular  chemical  changes.  But,  as  wubave 
said,  a  latent  period  of  mensurable  length  does  not  appear  to  be 
an  esseatial  feature  of  a  muscular  contraction ;  we  may,  under 
certain  circumsUnoes,  fail  to  detect  a  latent  period.  And  some 
recent  oliservations  Beem  to  shew  that  the  eleethcal  change  and 
the  chaiigit  of  form  may  b^in  at  the  same  time.  Indeed,  some 
have  maintained  that  the  former  is  the  result  of  the  Iatt«r,  and 
not,  as  suggested  above,  of  the  forerunning  molecular  e%'ents.  The 
question  however  is  one  which  cannot  at  present  be  regarded  a« 
settled. 

The  Changa  in  a  Nerve  during  the  passage  of  a  Nervotu 

Impvl»€. 

§  6V  The  change  io  the  form  of  a  muscle  during  its  contno- 
tion  is  a  thing  which  can  be  seen  and  felt ;  but  the  changes  in  a 
nerve  during  its  activity  are  invisible  and  impalpable.  We  stimu- 
late one  end  of  a  ner\'e  going  to  a  muscle,  and  we  see  this  followed 
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A  contraction  of  the  muscle  attachet)  to  the  other  end  ;  or  we 

iniulate  a  nerve  still  cunnecUiJ  with  the  central  nervous  ^yitteni, 

d  we  see  this  foUouW  by  certain  movenionts,  or  bv  other  tokena 

'liich  shew  that  disturbitncvs  liavu  bueu  set  up  m  the  central 

rvoaa  systeitL     Wv  know  thcruforu  ihiit  some  ohuti^^cs  or  othor, 

itulmg  what  wu  luivu  callvd  a  u<Tvmi»  iiii]iiiUu,  huvu  lioun 

Uii  ali>ug  the  nerve;  hut   the   oliiiii>?-s  are   such   a»  we 

W6.      It   i!t   ]nx»siljle,  however,  to  team  something  aliout 

fbeui. 

$  68.  T/u  themittri/  of  a  rurce.  The  medulla  of  a  medullated 
MTve  fibtB  is  usually  spoken  of  as  fatty,  and  yet  is  in  reality  very 
ItTgvly  composed  of  a  8ubstan(^J  which  is  not  (in  the  strict  scustt 
at  ibe  wx>rd>  a  fnt.  Wlieu  we  cxatuiDU  chemically  »  quantity  of 
aeiTc  (iir  what  if  [iniclicully  the  samu  thing  a  quantity  of  that 
pntul  ilie  irentral  nv-rvous  system  which  Is  culled  wkUc  matter, 
md  which  is  chltitly  composed,  likti  a  nt-rve,  of  medullated  nerves, 
ud  is  to  be  preferred  for  chemical  exaiuinatJon  because  it  contains 

■  tcktively  am  ill  quantity  of  connective  liR3ue),we  find  that  a 
voy  large  proportion,  according  to  some  observers  about  half,  of 
the  dried  matter  consists  tA  the  peculiar  body  ckdetterin.  Now 
diolesiorin  i«  not  a  {at  but  an  alcohol;  like  j,dyci.Tini',  however. 
Thicb  U  also  an  alcohol,  it  form^  cumpomid)  with  fnily  adds; 
tnd  though  we  do  not  know  duliuitcly  the  chemical  cmiililion 
ia  vhicit  cholenterin  axisVi  during  life  in  the  medulla,  it  is  more 
tkta  probable  that  it  exists  in  souic  combination  with  some  of 
the  nally  fatty  bodies  aUo  present  to  the  uictlulla.  and  not  in  a 
ftviHolnled  stat«.  It  is  singular  that  besidi^s  being  present  in 
••A  hxgfi  quantiti'.'s  in  nervous  tissue,  and  to  a   smull   extent 

■  ttlier  iLssues  and  in  blood,  choleslarin  is  a  normal  constituent 
*(  We,  and  forms  Iht-  ;;reiilor  jKirt  of  gall  atones  when  these  are 
Wvnt;  in  gall  stones  it  is  undoubtedly  prt^sent  in  a  free  state. 
Bnlss  cholesl4.Tiu  'white'  nervous  matter  contain.s  a  less  hut 
(till  coouderable  quantity  of  a  complex  fat,  whose  nature  is 
Jiffilad.  According  to  some  nuth>irittes  rather  less  than  half 
tUiOMpka  fat  consists  of  the  peculiar  body  Iti-itliin,  whiiiW  we 
'WMabrndy  seen  to  be  present  aho  in  blood  corpuscles  and  else- 

I^-cithin  contttiits  the  radicle  of  stoaric  iicid  (or  trf  oleic, 
palmitic  sctd) associated  not.  as  in  ordinary  fats,  with  simple 
glj«ni»,  hut  with  the  more  complex  glycerin-pliosphorio  ai-iil, 
*ad  fqfther  combined  with  n  niiri'genous  body,  neurin,  an  am- 
■anil compound  of  sonie  consiilerable  complexity;  it  is  therefore 
niuurkaole  nature  since.  thou;;h  a  fat.  it  contains  both  nitrogen 
urf pheapboma.  Acconling  to  the  same  authorities  the  remainder 
of  tlie  oomplcx  fat  consists  of  another  tatty  body,  also  apparently 
"^timing  nitrogen  but  no  phosphoms,  called  crrebrin.  Other 
wiWitiea  Kgajxl  \>i>ih  these  Indies,  lecithin  and  ccrcbrin,  as 
indlucts  of  deeompmitiou  of  a  stdl  more  complex  fat,  nilhxl 
fnttyn.    Obviously  the  fat  of  the  whiK  matter  of  the  central 
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nervous  system  siid  of  spinal  nerves  (of  which  fat  by  far  the 
gnrnUir  piirt  must  exist  in  the  medulla,  and  form  nearly  the  whole 
of  ihu  mcilulk)  is  a  very  complex  body  indeed,  especially  so  if  the 
eholesterin  exlsui  lu  cmmbinRtion  with  the  lecithin,  or  cerebriu  (or 
protagMii ).  Beinj;  so  complex  it  is  Daliimlly  very  unstable,  and  in- 
deed, ill  its  iiislaliility  lusetnhle.'*  Jiroleid  matter.  Hence  prohubly 
the  reason  why  the  medulla  cliangeti  fu  rapidly  aiul  m  prnfoiindly 
attar  the  death  of  the  nerve.  It  aeenis  moreover  that  a  certain 
though  small  quantity  of  pnitoid  mailer  forms  part  of  the  medulla, 
and  it  ia  possible  that  this  exists  in  some  kind  of  combhiation  with 
the  complex  fat ;  hut  our  knowledge  on  this  point  is  imperfect. 

The  presence  in  sueh  lurj^c  quantity  of  this  complex  fatty 
niL'iliilla  renders  the  cheminil  exitminntiun  of  the  otlior  (Hinsti- 
tiietit?'  of  a  nerve  very  ditficults  and  our  kiiuwledi,'e  of  tlie  chi-mical 
nature  of,  and  of  the  cliemica!  ihanjjesgoiiif;  oti  in,  the  axis-cylinder, 
is  as  yet  limited.  Kxamincd  undnr  the  microscope  the  axis-cylinder 
ffives  the  xanthoproteic  reactii^n  and  otlier  indications  that  it  ia 
ki^ely  proteid  in  nature.  From  nervous  matter,  and  especially 
from  llif  prey  matter  of  the  brain  and  8])in[il  cord,  theie  may  by 
appri'iiriiilu  methods  bo  extracted  certain  protcids  similiir  to  those 
found  ill  li-iicocyt««  and  nthi-r  cells  (§  29.i  naiin'ly,  a  tuiclco-albu- 
niin  and  one  or  more  (ilohiillnf ;  the^i>  are  probably  constituents 
With  of  the  nerve  celU  and  of  the  a.vis-cylinders  which  are  pro- 
cesses of  cells.  Since  kreatin  and  a  lactic  acid  are  present  among 
the  'extractives  '  of  nervous  tissue,  wo  may  infer  that  in  a  broad 
way  the  chemical  chaii^^s  in  nerves  arc  similar  to  those  in 
muscles.     Beyond  this  we  can  say  very  little. 

After  the  fats  of  the  medulla  (and  the  much  smaller  quantity 
of  fat  pR^Ki'iit  in  tlw  axi!*-('ylinder),  the  proteids  of  the  axis-cylinder, 
and  tlie  other  soluble  substances  present  in  one  or  tlie  other,  or 
(jathenxl  round  the  nuclei  of  the  neurilummn.  have  by  various 
means  been  dissolved  out  of  a  nerve  hbrc  certain  substauccs  still 
remain.  One  of  thusc  in  small  rpiantily  is  the  nuclein  of  the 
nuclei:  another  in  Inrj.'cr  quantity  ia  the  substance  nmralf-ralin 
which  forms  n  siipportJiij;  framework  tor  the  medulla,  and  whose 
most  marked  charaeleii.'*lic  is  perhaps  its  resistance  to  solution. 

In  the  ash  of  nerves  there  is  a  preponderance  of  potassium 
salt*  and  phosphates  but  not  so  marked  us  iu  the  case  ot  muscle. 

§  $7.  The  Ttcrvous  impulw.  The  chemical  aunIo;;y  between 
the  substance  of  the  muscle  and  that  of  the  axis-cylinder  would 
naturally  lead  us  to  suppose  that  the  progress  of  a  nervous  im- 
puUo  along  a  nffrvp  libre  was  Bccom]»anied  by  chemical  chnut^s 
similar  to  those  takin);  place  in  a  musck*  tibris.  Whatever  clianj^s 
however  do  or  may  take  i^lace  are  too  slight  to  be  recognized  liy 
the  means  at  our  disposal.  We  have  no  satisfactoiy  eridenco 
that  in  a  nerve  even  repented  nervous  impulses  can  rivb  rise  to 
an  acid  reaction  or  that  the  death  of  a  nerve  libre  leads  to  such  a 
reaction.  The  grey  matter  ot  the  coutial  nervous  system  it  ie  true 
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is  nid  to  be  faintly  allcallne  duriuj;  lif«  aud  tu  become  ndd  after 
dealli ;  but  iii  thin  grey  matter  nerve  cella  are  relatively  abundant; 
tlie  wtiite  matter,  composed  chieHy  of  nerve  tibre!),  is  and  remains, 
durina  action  as  well  as  rest,  and  even  after  death,  neutral  or 
sligbtTy  alkaline. 

Nor  liavt)  we  satLsfaot'try  evidvuct;  that  the  pronrcss  of  a 
nervous  iiupulse  is  aeei>iu[>auied  by  any  suitintj  free  ol  uuer^y  in 
the  form  of  bi*-at. 

In  fact,  beyond  the  tetminnl  resiilti*,  sucli  as  a  niimcular  con- 
tnctiiMi  in  tlie  case  of  a  nerve  goiu^  to  a  niuacla,  or  some  atl'ection 
of  tlie  oeniral  nervous  syatem  in  the  case  of  a  nerve  still  in  coa- 
ne<;ti(>ii  wiih  its  nervoua  centre,  there  is  one  event  and  one  event 
only  which  we  are  abia  to  recognize  as  the  objective  token  of  a 
nervous  impulse,  and  that  is  an  electric  chna^i:  For  a  piece  of 
nerve  remold  from  the  body  exhibits  nearly  the  same  electric 
phenomena  as  a  picre  of  inusclu  It  lia«  an  ei{iiator  which  is 
i-lectrioally  positive  relatively  to  tlic  two  cut  ends.  In  fact  the  dia- 
gram Pig.  lij,  and  the  description  which  wa.*  given  in  §  C8  of  the 
etoclric  changes  in  niiit«cle  may  be  applied  nlniatt  as  well  to  a 
nerve,  except  that  the  currenLi  aie  in  all  ca^ie.t  mueh  mure  feeble 
in  the  case  of  nenes  than  of  muscles,  aud  the  special  currents 
from  the  circumference  to  the  centre  of  the  transverse  sections 
catmot  well  be  shewn  in  a  sleuder  nerve ;  indeed  it  is  doubtful  if 
tbey  exist  at  all. 

During  the  passage  of  a  nervous  impuUo  the  'natural  nerve 
current'  undeigoes  a  n^^tive  variation,  just  At  the  'natural 
muscle  current'  undergoes  a  negative  variation  during  a  con- 
trairtiou.  There  are  moreover  reasons  in  the  ca»\i  of  the  nerve,  as 
io  Che  case  of  the  muHclo,  which  leatl  un  to  doubt  the  pre-extst- 
eoce  of  anv  such  '  natural '  currents.  A  nerve  in  an  alisnltttely 
natnial  condition  appears  to  be.  like  a  muscle,  isoelectric;  hence 
wc  may  say  that  m  a  nerv'e  during  the  passage  of  a  nervoua 
impulse,  as  in  a  muscle  during  a  muscular  contraction,  a  'current 
of  action '  is  dcwlopvd. 

This  *  current  of  action*  or 'negative  variation*  may  be  nhewn 
either  by  the  galvanometer  or  by  the  rheoscopic  fm^.  If  the 
nerve  of  the  'muscle  nerve  prcpniation'  B  (see  $  04)  be  placed 
in  an  appropriate  manner  on  «  thoroughly  irritable  nerve  .^1  (to 
which  of  course  no  mii-ii].*  mini  be  attached),  touching  for 
instance  the  et|Ustor  and  one  end  of  the  ncrvt'.  then  single  induc- 
tiun-ehocks  sent  into  the  far  end  of  A  will  c^u^e  single  itpa-'uis 
in  the  muscle  of  ii,  while  tetanization  of  A,  i.  t.  rapidly  repeated 
shocks  sent  into  vf ,  will  cause  ttUanus  of  the  muscle  nf  B. 

That  this  current,  whether  it  be  r^rded  as  an  independent 
•current  of  action'  or  as  a  negative  \-arialion  of  a  'pre-existing' 
current,  is  an  cs^ntial  feature  of  a  nervous  impulse  is  shewn  by 
the  fact  that  the  degree  or  intensity  of  the  one  varies  with  that 
of  the  otiier.    They  both  travel  too  at  the  same  rate.     In  deecrib- 
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iD<{  the  muscle-curve,  and  the  method  uf  measuring  the  muNCuIar 
lutvut  period,  we  liave  iiiciilenUilly  sht-wn  (§  46)  huw  &t  the  same 
timi;  the  velndiy  of  ihe  lu-rvinis  inijmlsc  may  he  measured,  and 
stated  that  the  fata  in  the  nerves  oF  a  fro^  is  abmit  28  lUL-tors  a 
second.  By  means  of  a  Hjiecial  and  soiiiewhnl  coinplicatvd 
apparatoa  it  is  ascertained  tlmt  the  cnrrent  of  actifm  travels  ahmjj 
an  isolattd  piece  of    nerve  at  the  same  rate.     It  also,  likft  ihe 

Taction,  trnvels  in  tlie  form  of  a  wave,  riBiug  rajiidlv  to  a 
uiD  at  cuch  point  of  the  ntTve  and  then  more  gradually 
The  length  of  the  wave  may  by  special  meaus 
d  I!*  fouml  111  lie  ahoiit  18  mm. 
isolated  piece  of  nerve  U  slimulnted  In  lhi>  middle. 
the  current  of  action  is  i>ro[>aj;iited  i-cjually  wvll  in  hoth  direc- 
tions, and  that  whether  the  nerve  he  a  ehielly  sensory  or  a  chiefly 
motor  nerve,  or  indeed  if  it  he  a  m-rve-rooi  composed  excUisively 
of  motor  or  of  sensory  tibresw  Taking  the  current  of  action  hh 
the  token  uf  a  nervous  iuipulse.  we  infer  from  this  that  when  a 
uervc  hhre  is  stimulated  artificially  at  any  part  of  its  course,  the 
nervous  impnIsL'  set  K"i'iR  travels  in  both  directions. 

We  used  just  now  the  phrase  '  U-taui/iitiwn  "f  a  ner\'e,'  mean- 
ing the  application  to  a  nerve  of  rapiilly  repeated  shocks  such  «s 
would  produce  tetanus  in  the  itiufch'  to  which  the  nerve  was 
attached,  and  we  shall  have  frer|uent  occasion  to  employ  the' 
phrase.  It  must  however  he  understofid  that  there  is  in  the 
nerve,  in  an  ortlinary  way.  no  summation  of  nervous  impulses  com- 
parable to  the  summation  uf  mm-ciihir  contructious.  Putting  aside 
certain  cases  which  w«  cimnot  discuss  here  we  may  sny  thnt  the 
series  of  shocks  sent  in  at  the  far  end  of  the  nerve  start  a  series 
of  impulses;  these  tiavel  down  the  nerve  and  reach  the  muscle 
as  a  series  of  di»tinct  imptilnes;  and  the  first  chan^.'*  in  the 
muscle,  the  molecular  changes  which,  sweeping  along  the  fibre. 
inititte  the  change  of  form,  and  which  we  may  perhaps  speak  of 
AS  constituting  a  rauscle  impulse,  also  probably  form  a  series  the 
memliers  of  which  are  distinct.  It  is  not  uutil  thcso  molecular 
changes  become  traDsfonued  into  visible  changes  uf  form  that 
any  fuition  or  summation  takes  place 

/§  68.  Putting  together  the  facts  contained  in  this  and  the  pre- 
ceding sections,  the  following  may  I>e  taken  a»  a  brief  approximate 
liistof}'  of  what  lakes  place  in  a  muscle  an<l  nerve  when  the  latter 
is  subjected  to  a  single  iuduction-shock.  At  the  instant  that  the 
induced  current  passes  into  the  nene,  changes  occur,  of  whose 
nature  we  know  nothing  certain  except  that  they  cause  a  'current 
of  action '  or  '  negative  variation  '  of  the  '  natunil '  nerve  current. 
These  changes  propagate  thBmselves  along  the  nerve  in  both 
diiectiOQS  AS  ft  nervous  imjniisc  In  the  form  of  a  wave,  having 
a  wnvij-lenglh  of  about  18  mm.,  ami  a  velocity  (in  frog's  nerve)  of 
sec  Passing  down  the  nen-e  fibres  to  the  muscle, 
e  bmuchiog  and  narrowing  tracts,  tha  wave  at  last 
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breaks  od  the  end-plates  oF  tbe  fibres  of  the  muscle.  Here  it  is 
transmuted  iato  what  we  have  called  a  muscle  impulse,  which 
with  a  greatly  diminished  velocity  (about  3  m,  per  sec.),  travels 
from  each  end-plate  in  both  directions  to  the  end  of  the  fibre, 
where  it  appears  to  be  lost,  at  all  events  we  do  not  know  what 
becomes  of  it.  As  this  impulse  wave  sweeps  aiona  the  fibre  it 
initiates  an  explosive  decomposition  of  material,  leading  to  a 
discharge  of  carbonic  acid,  to  the  appearance  of  some  substance  or 
substances  with  an  acid  reaction,  and  probably  of  other  unknown 
things,  with  a  considerable  development  of  heat.  This  explosive 
decomposition  gives  rise  to  the  visible  contraction  wave ;  the  fibre, 
as  the  wave  passes  over  it,  swells  and  shortens  and  thus  brings  its 
two  ends  nearer  together. 

When  repeated  shocks  are  given,  wave  follows  wave  of  nervous 
impulse,  muscle  impulse,  and  visible  contraction  ;  but  the  last  do 
not  keep  distinct,  they  are  fused  into  the  continued  shortening 
which  we  call  tetanus. 


SEC.  3.  ■  THE  NATURE  OF  THE  CHANGES  THROUGH 
WHICH  AN  KLEOTRIC  OmtRENT  IS  ABLE  TO  GENE- 
EAXE  A  NERVOUS  IMPULSE. 


Action  of  the  Constant  Current. 


§  89.  In  the  (ireci'iliiig  account.  llii>  Atitnuliis  applied  in  orJcr 
to  give  rUe  to  a  nervous  impulfte  has  always  been  supposed  U>  be 
an  induction -shock,  single  or  repeated.  This  choice  of  stimulnn  lias 
been  luade  on  account  of  the  almost  momentary  duration  of  the 
induced  current.  Mad  wc  ueed  a  current  lasting  for  some  consider- 
ablc  time,  the  pri>bleniH  before  us  would  have  become  more  com- 
]'k'X,  in  ronst^iiHi'iice  of  our  bavins  to  distinguish  between  the 
events  taking  place  while  the  curn-nt  was  passing  throuKh  the 
nerve,  from  those  which  occurred  at  the  inoineiil  when  the  current 
was  thrown  into  the  nerve,  or  at  the  moment  wlu-n  it  wa.t  shut 
off  from  tlie  uerve.  These  coniiilicationa  do  arise  when,  instead  of 
employing  the  induced  current  as  a  stimulus,  we  use  a  cimittant 
current,  i.e.  when  we  pass  through  thii  nerve  (or  muscle)  a  current 
direct  from  the  battery,  without  the  intervention  of  auy  induc- 
tion-coiL 

Before  mnkins  the  actual  exjwrimiMit,  we  might,  perhaps, 
nntunilly  Buppose  that  the  constant  currwnt  would  net  a*  a  stimu- 
lus throughout  the  whcdi-  time  during  which  it  was  applied  ;  that,  so 
long  as  the  current  passed  along  the  nerve,  nervous  impnl-ies  would 
Vie  generated,  and  that  these  would  throw  the  muscle  into  some- 
thing stall  events  like  tetanus.  And  under  certain  conditions  this 
does  take  place;  occasionally  it  does  happen  that  at  the  moment 
the  current  is  thrown  into  the  nerve  the  muscle  of  the  muscle- 
nerve  prc{»iration  falls  into  n  tetanus,  which  is  continued  until  th« 
ciuTont  is  shut  "IT;  but  such  a  n.^sult  is  exceptional.  In  the  vast 
majority  of  caacin  what  happens  is  as  fnUows.  At  the  moment  that 
the  circuit  is  made,  the  moment  that  the  current  is  thrown 
into  the  nerve,  a  single  twitch,  a  simple  contraction,  the  so-called 
making  contraction,  is  witnessed  ;  but  after  this  has  passed  away 
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the  muMlv  rcmniuH  nbsoltit«1y  quiescent  in  spitt:  o(  the  current 
coDlinutng  U>  piuts  tlirou^h  the  iii;rvti,  and  lliis  quicsconue  is 
miintuaed  until  the  circuit  in  broken,  until  the  cumiil  is  shut 
off  from  the  nerve,  when  another  sim[ile  onntmcUon,  the  so- 
Cldled  breaHny  contraction,  is  observeJ.  The  mere  paaaage  of  a 
eonstflut  current  of  uniform  inteusity  throu^'h  a  nerve  does  not, 
DDder  ortlinary  circumstunces.  uct  as  a  stimulus  geueratiug  a 
nervous  impulse,  suoh  nu  impulse  is  only  svt  up  whea  the 
current  liithur  falls  into  or  is  shut  vET  from  thu  nerve  It  is 
the  entrance  or  l]ie  exit  of  the  current,  ami  not  tlie  nontiuueuce  of 
the  current,  whif:h  is  the  iitimuliLi.  The  quiescence  of  the  nerve 
aiid  niiitiele  ilnrin;^'  ihe  passage  of  the  current  is,  however,  dependent 
on  the  current  rumaiuins  nnifimu  in  intensity  or  at  least  not  being 
auildeoly  increased  or  diminished.  Any  sulficiontly  sudden  and 
large  increiiso  or  diminution  of  the  intensity  of  the  current  will 
act  like  the  entrance  or  exit  of  u  current,  »nd,  by  geueratiug  n 
ner^-ous  inipuUe,  give  me  to  n  contraction.  I  f  the  intensity  of  the 
curn-nt,  however,  be  very  slowly  and  gradually  increatied  or  di- 
minished, a  very  wide  range,  of  intensity  may  he  pa-tsed  through 
without  any  contraction  being  seen.  It  ia  the  sudden  change  from 
one  condition  to  another,  and  not  the  condition  itself,  which  caoaes 
the  nervous  impulse. 

In  many  cases,  both  a  '  making '  and  a  '  breaking '  contraction, 
each  a  simple  twitch,  are  observed,  and  this  is  perhaps  the 
commonest  event ;  but  when  the  current  is  very  weak,  and  again 
when  tlie  current  is  very  strong,  eithiT  the  breuUing  or  the  making 
contraction  may  he  ab.sent.  it.  then-  may  be  a  contrncUou  only 
when  the  current  U  thrown  into  the  nerve,  or  only  when  it  is 
shut  oir  from  the  nerve. 

Under  ordinary  circumstances  the  contractions  witnessed  with 
the  constant  currents  either  nt  the  make  or  at  the  break,  are  of  the 
nature  of  a  'simple'  contnii'tlon,  but,  as  hasalrcidy  been  said,  tbe 
application  of  the  cnrtrnt  may  give  rise  to  a  very  pronounced 
tetAnoa.  Such  a  t^^Unns  in  seen  sometimes  when  the  cttrreat 
ia  made,  la-^ting  during  the  application  of  the  current,  sometimes 
when  the  current  in  broken,  lasting  some  time  after  the  current  haa 
been  wholly  removed  from  the  nerve.  The  former  ia  spoken  of  as 
a  '  making.'  the  latter  as  a  '  breaking  '  tetanus.  But  these  excep- 
tional fwiults  of  the  a^iplication  of  the  consiitnt  current  ueed  not 
detain  us  now. 

The  givat  interest  attached  to  the  action  of  the  constant 
CDrrent  lie*  in  the  (act  tliat  during  the  passage  of  the  current, 
in  apito  of  the  abvcnce  of  all  nervous  impuLtea,  and,  Uierefore, 
of  all  muscular  contractions,  the  nerve  is  for  the  time  both  butwecn 
,  and  on  oadi  side  of  the  electroiles  profoundly  modified  in  a  most 
pMculiftf  manner.  This  modification,  important  both  for  the  light 
It  throws  on  the  >;encration  of  nor\'o«8  impulses  and  for  its  practical 
appjjcatioiia,  is  known  under  the  name  of  eUctrotontu. 
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EhdmUmun.  The  marked  feature  of  the  electrotoii  io 
coiiililiou  is  that  the  nerve,  though  apparently  quiescent,  is  changed 
in  respect  to  its  irritability ;  and  that  in  a  different  way  in  tha 
neigh  hour  hood  of  the  two  ulectrodes  resiH-c  lively. 

Suppose  that  on  tliL-  iktvu  nf  ii  miiscki-nurvo  prepwiralion  are 
placud  two  (ni>ii-pi>h4rimli|>;)  eWtmdcs  (Fi(^.  21,  ii,  ^:),  connt-cU-d 
with  11  battery  and  arraiiffi;!!  with  a  key  sci  thui  ii(;onKtunteurn.-iit 
can  III  pltiaHurf!  be  thrown  into  or  shut  oQ'  from  tlie  iiorv«. 
This  constant  current,  whose  efl'ecta  we  aiv  abont  to  study,  may  be 
called  the  "  polarizing  current,'  I^t  a  hv  tin;  positive  electrode  or 
anode,  and  k  the  ncfiative  electrode  or  katiiode,  both  placed  at 
aome  distanoe  from  the  muscle,  and  also  with  a  certain  interval 
between  each  other.  Ai  the  point  x  let  there  be  applied  a  pair  of 
electrodos  connected  with  on  induction-coil.  Let  the  muscle 
further  be  connected  with  a  lever,  so  that  its  conlniclions  c«n 
be  recorded,  and  their  amount  measured.  Before  thu  polarizing 
cunwnt  i.*  thrown  into  the  nerve,  let  a  singlw  in dncti on-shock 
of  known  intensity  (a  weiik  uue  bein;;  chosen,  or  at  least  not 
one  which  would  cause  in  l\\\-.  nini<cle  a  iniixinnini  contraction)  be 
thrown  iu  at  j:.     A  coiitraction  of  a.  certain  amount  will  follow. 


B. 


a 


Pio.  SI.    Mtiuclk-xkiivk  PnEi-jtiUTiONS.irilh  thp  iH^rveaxpoaedip  A  to ^ditrrnJlng 
mill  \a  B  ti>  nu  tm-miiiHg  ruiiKtniit.  nirrciit. 

In  wich  ir  in  tlie  anoile,  i  tlip  kathodn  of  thn  romiKni  current,     x  ri'prew-Dt.B  [ha 
•pot  where  tb«  iniiiii:ti<>n.*hockii  niod  to  tMI  tha  irritability  u(  tho  neire  aro  RCDt  in. 

Tliat  contr.iction  may  be  taken  ns  a  measure  of  the  irritability  of 
the  nerve  at  the  point  x.  Now.  let  the  polariKing  current  bo 
thrown  in,  and  let  tlic  katliodo  or  negative  pole  be  nearest  th« 
muscle,  as  in  Fie,  21  A,  so  that  tho  current  pns.'<eii  along  tha 
aarvc  in  a  ilirei'iiiHi  from  the  central  nervous  system  towards  the 
tnuBcle:  !«uch  a  current  is  spoken  of  ns  a  di'icen<{inff  one.  The 
entrance  of  the  polarizing  current  into  the  nerve   will  produce 
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'  B 'miikitig'  contractioD;  this  wc  moy  npfilect.  If  while  the 
cunmt  IS  jmssitig,  thu  Hume  iitrliictiuii-shocic  ax  kcfgrc  be  aeiit 
thnugh  X,  the  contmctioii  which  insults  will  bo  found  to  be 
gicittf  than  ou  the  furiner  occasion.  IT  the  [jiilarizin;;  ciirrviit  be 
now  shut  off,  a  '  bieaking '  contraction  will  ])rotiably  be  produced  ; 
tills  >Im)  we  may  nej^lt^ct.  If  now  the  point  x.  after  a  short 
intoral,  be  tigam  tested  with  the  same  induction-ahock  aa  before, 
tlie  nmlmction  will  be  no  longer  greater,  but  of  the  same  amount, 
or  perhaps  not  so  great,  as  at  first.  During  the  passage  of 
Ott  pohnzing  current,  then-fore,  the  irritability  of  thy  ut-rve  tit 
t&ejmiini  x  has  liwn  temiinrurily  i«rr<rt»(y/,  since  Uiw  sanie  shock 
■pfiuod  t«  it  <.'«ui*rfi «  j;n'i»UT  ci'iitniitiiiii  during  the  pret^enCH  than 
!■  Itie  absence  of  tlivcunvnU  But  this  i.«  only  true  so  long  as  the 
pohrizing  current  is  a  dcftcending  one,  so  long  as  the  point  x  lies 
00  (1m  side  of  Uia  katliode.  Un  the  other  hand,  if  the  polarizing 
nntnt  had  been  «n  amending  one,  with  the  anode  or  positive  pole 
uautsl  t)te  muscle,  as  in  Fig.  21  B,  the  irritabiUty  of  the  nerve  at 
'WMid  have  been  found  to  be  diminished  iristi^ad  of  increased  by 
tbepolBrixing  current ;  the  contriiction  obtained  during  the  passage 
ft  tbeconstHnt  current  would  be  le.'W  than  bi-fon;  the  piissHgc  of 
tbcMnvnt.  or  might  be  «bRent  altogcthiir,  and  the  cotitniction 
ifttt  tlie  current  had  been  shut  off  would  be  as  gri;at  or  piTliaps 
ptterthan  before.  That  is  to  say,  when  a  conittant  current  is 
ffM  to  a  nerve,  the  irritability  of  the  nerve  between  the  polar- 
iang  dectiodes  and  the  muscle  is.  during  the  passage  of  the 
cancat,  increased  when  the  knthedc  is  m-arest  the  muscle  (and 
tW polarizing  currL-nt  desw-ndin}*),  and  diminished  when  the  anode 
>*Mtrest  the  miisi'le  (and  the  [Hihiriziiig  current  ascending).  The 
■■Bivjult,  mvt'Uig  mu^mr/tK,  and  with  sonic  qualifications  which 
*»  Mol  not  discnss,  would  be  gained  if  x  were  placed  not  between 
Ibenuscle  and  the  polarizing  current,  but  on  the  far  .''ide  of  the 
Jrtto,  Hence,  it  may  be  stated  generally  that  during  the  passage 
"(tOMxtant  current  through  a  nerve,  the  irritability  of  the  nerve 
» iacttttsed  in  the  region  of  the  kathode,  and  diminished  in 
tk  tegiuo  of  the  anode.  The  changes  iu  the  nerve  which  give 
i^lathit  inctvAsc  of  irritnbility  in  th^t  region  of  the  kathode 
■R  mken  of  as  iattJtttrvCimui,  iind  the  nerve  is  said  to  bo 
ID  a  Intelectrotunie  condition.  Similarly  thi-  cliangrs  in  the 
''Ki'M'jf  the  anode  are  spoken  of  a.*  anflretrntoiiux,  and  the  nerve 
ami  to  be  in  an  aneloctn^tonic  condition.  It  is  also  often  usual 
lO^ak  of  the  kaielectrotonic  increase,  and  anelecirotonic  decrease 
of  iniwlitlitr. 

Tiki*  Ibw  remains  true  whatever  bo  the  mode  adopted  for 
■■^etKiBing  the  irritability-  The  result  holds  good  not  only 
'ili  »  mtgle  inductioTi-sluick,  but  also  with  a  tttlunizing  intir. 
•I?**!  cairenl,  with  chemical  and  with  meclmnical  stiiunii.  U 
butkct  ap[iear.<i  to  hold  good  not  only  in  a  dissected  nerve-mviscle 
9,  but  also  in  the  intact  nerves  of  the  living  body.     The 
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inerenec  and  decrease  of  irriUliilily  are  most  luiirkod  in  the 
imtnvdinU!  nci({lili(iiirhood  of  the  electrodes,  but  Rtn-uid  for  a 
cimsiderahle  diatniice  in  each  direction  in  the  exirajKilar  reyioiis. 
The  same  mod iti cation  is  not  conHned  to  the  extrajKilnr  region, 
but  exisbi  also  in  the  intrnpoltir  region.  In  the  iiitrapolar  T«>gion 
there  must  be  of  course  it  ouulnd  or  indiffiTenl  point,  where  the 
kattdfctrotonic  increase  uierm-s  into  l\w  nn^dm'trotonic  decrease, 
and  where,  thea-fort-,  the  irriuibihl.v  i*  uitchnnjjt'*!-  When  the 
poln rising  current  is  a  weak  one,  this  iiidilli;n.-nl  ["lint  is  nearer  the 
anode  tlian  ihu  knthode,  hut  as  the  polarizlof;  current  increases  in 
iut^nsity,  draws  nejirer  and  nearer  the  knthode  (see  Kig.  22). 

The  nninnnt  of  increase  aud  decrease  is  dependent :  (1)  On  the 
Btrenfith  of  the  current,  the  stronger  current  up  to  a  certain  hniit 
producing  the  greater  eU'ect.  (2)  On  the  irritahihty  of  t!iP-nerve, 
the  uioro  irritable,  better  conditioned  nerve  being  the  more  affected 
by  a  current  of  the  same  intoiisity. 

In  thu  cxjicrinienls  ju«t  dcRrribed  the  incrense  or  decrease  of 
irritiibility  is  Wken  U>  mean  that  the  same  stimulus  stnrW  In  the  one 
ease  a  larger  or  more  powerful,  and  in  the  other  case  a  smaller  or 
It'ss  energetic  impulse  ;  but  we  have  reason  to  think  that  the  mere 
propagation  or  conduction  of  impulses  started  elsewhere  is  ahio 
affected  by  tho  clectrotonic  condition.  At  all  events  anelectrotonus 
appears  to  olfer  aii  obstacle  to  the  passage  of  a  nervous  impulse. 


PrO.M.  niiOXAMlM.lSTHtTIWOTiniVAIllATKlMllftnHITilHUTTDtrinXoRMa'TRO- 
TONlTII,  Wtni  I'oLAIIIXIKU  Cl'RHKKTS  Ol'  IXrKRA^INO   iHTKHniTt   (from  Pfll));oc). 

Till)  luicilf'  I*  RipiKWiI  t"  l>"  iilnceil  nt  A,  tht>  kacliixle  nl  I) :  AB  i>  cniiK(|i)nntly 
Ihe  Siitni|>iilBr  dlairii't.  Iti  t'lU'li  'it  tli*  ihrt^r  rnrvm.  Ill*  )K>rlir)U  of  thi-  curve  Wlnir 
tha  Imw  line  rcprcat'OM  •liminithtMl  imint.ilily,  IliRI  dIkiv^.  iticreiuictl  trritnliilllT. 
f,  nprtMiii'  clic  rnvct  »l  a  wcnk  ciirreiii :  ilie  iixUllDniiit  jxiiul  r,  in  iicnr  tlio 
•uodn  A.  Ill  (/,,  11  •tninpir  euTtciil.  thp  iniliHcrpnt  [luint  j,  1*  nwiriT  llic  ItdtUcKjo 
It.  tlia  ilimlnntion  "t  irninlillity  in  n'i<>U>clrv>totinB  uimI  ihc  inci^nHv  in  kntrlfclro- 
luniiJt  l-^iiiK  grealtr  tliaii  In  v, ;  l1n'  pHpiI  "Ifr)  »iiru!iilFi  fur  a  Kiraiur  liixluni.')-  iilons 
lli>>  cilnitK-lnr  rcgiuiiii  in  haib,  ■lirci.'tii'ri*.  lii  n,  tliv  miiiii>  vvrittii  itrv  Hvim  lu  be  atiU 
iijiirc  niavkcd. 

S  71.  BleetrolaiUe  Currmta.  Daring  tho  poiuMtfto  of  a  oonsfawi 
cunwni  through  a  nerve,  vnrinliona  in  the  elwlric  rurroiits  belonging 
M  the  norve  itssif  may  be  i>b«r\-ed  ;  oud  tbe«e  variations  liuvu  certain 
ivklioiu  to  Uie  varintioiis  of  tlw  irritibility  of  tlie  norip.  Thu«,  if 
a  coiwlanl  curreul,  •applied  by  the  bottery  /»  (Fig.  23J,  U  appliod 
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l«  k  pi««  of  DOTTo  bv  means  of  two  nos-polftrizable  electrodes  p,  p', 
tb«  "  ciimnU  of  rest "  obtainable  from  various  points  of  tlie  nerve 
wtU  be  difli^rent  during  tlie  passa^«  of  the  [lolari^iig  currout  &0D1 
tliOM  which  were  u)aiiif<.-Ht  before  or  after  tbv  current  was  applied  ;  aud, 
moreover,  lIh' diaii^efi  in  the  ntrve-currunta  prod ii cud  by  the  pdarixiug 
iairT«ut  will  out  ba  the  snni«  in  the  nRii^hboiirliood  of  the  oiiodo  {p) 
'  M  UuNW  ill  Ibu  nuij-libuurboud  of  the  krttliodii  (/>').  Thus  lot  G  aud  Ji  be 
two  ajKlnuionirturs  no  connected  with  the  two  cnila  of  thu  nerve  an  la 
•Sold  gontl  and  cloor  ovidoiico  of  tho  "curmnla  of  nut."  Bofun: 
Um  pouridng  cumnt  is  thrown  into  the  nor%-o,  tho  nredlo  of  //  will 
Mcapf  K  po«itioD  indicAtin^  the  poasage  of  a  current  of  a  ccrtAiD 
tnt«iuity  from  A  to  A'  through  lh«  gAlvanometer  (from  the  positim 
JoD^itudinal  surface  to  the  oe^ative  cut  end  of  the  uervo),  the  circuit 
beiog  completed  bj  a  current  m  tho  Dur\'o  from  /i  to  A,  i.e.  the  current 


/* 


■*■ 


ll 
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Fm,  9S.    DiAOKiM  iLi.niTRATMio  EtiCTROTosio  rraBK»t«. 

'* "•P"'"'''''!C .'""'^'T.  "''h  *  a  koT./i  thfl  anoiJe. ami  i/  tho  fcsthndn  Al  ihe  Inft 
n4  vt  thfjneti!  o(  nnn*  tlio  aniunil  ciirrfiit  flo«B  thronjih  ihn  e«]mi<>m«iKr  C 
fnaj  ta/,  in  tba  dlitrtiim  of  ihonmiwu.  ita  dirtoljon.  Ihorcfart.in  thx  tiiTno 
u  thu  u(  Uw  |>olaruiiiit  mrranl :  canMNjunntly  it  apiniiT*  iDCicMul.  w  liiairalnl 
?  *'*."'?  +■  Tn*  «iTcrn  nt  tli*  oihfr  nn.l  o(  Ihe  pivoe  o(  nfttre,  from  *  t«  *', 
IMMtgk  the  ^raftanwtAr  //,  S-m  in  ■  p«iicr«TT  iltrection  to  the  polorliing 
cwnu:  to  cenNqMAtl^  Mfftmn  to  1«  dlnilobihiMt.  u  [n<liciitnl  bj  the  vign  — . 

._  "•  ?1  For  •hnfUfH/'e  mlt»,  ibe  poUrixtng  CDrreiit  ii  here  ■iippow'd  t«  b*  throtni 
to  M  a»  mim  at  a  piMe  of  narra.  anil  ihe  galoiinoinpK-r  nlat^  at  tho  t«-o  •ihIh. 
IH  MMiM  K  Win  ba  aaienlood  that  tb»  lonMr  mar  br  ihrmrn  in  am  vhora,  aud  tha 
r  MamMed  with  aajr  two  pain  of  podaU  wliicb  will  give  canml^ 
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will  flow  in  tlie  direction  of  Ibo  arrow.  Similarly  the  iierdlo  of  G  will 
by  its  ilefluetiou  iadiwitu  tin-  usinti-iite  of  a  cutrwiti  Cowiii'-  frow  r/  u*  g' 
tliroiigli  ibu  gulvanuiuvlur,  and  ftom  y'  U>  g  tliruu^h  lli«  nerve,  ia  Uic 
direcliiai  of  llio  nmiw. 

Al  itin  iiiatiiiit  tliiit  th(!  |>nlnrinnK  current  is  tlinnvri  into  the  nervo 
nXpp',  the  current*  (It  yy,  AA'  will  imdurnoii  "iicKitiw  vnrintii>n  ;"  tlint  is, 
the  nerve  nt  *;iich  point  will  c.xliLliit  n  "iMimtnl  of  nclion"  correspoud' 
ill);  lo  tho  nervous  impulsii,  wliii:li,  nt  tin;  making  of  the  polarizing 
current,  passes  in  both  directions  nlong  tlio  iiorvo,  and  inaji'  cuuh-  a 
contraction  in  tlie  attached  niusi'le.  The  curront  of  Hcltuu  in,  as  wo 
have  seen,  of  extremely  short  duration :  \i  ia  over  and  ^on^  ><>  <i  Kuinll 
fraotiuu   of  a  m-coikI.     It   tliei'efore    must   not   be  confounded  with    n 

Eenuuneul  elTeel,  tvliiuh,  in  tht-  cane  ue  ate  di-alini;  witti,  ia  oliNi:rvcd  in 
i>th  gulvunumcteni.  Tl>i«  clfucl,  which  ia  dcju-ndt^nt  on  tlic  direction 
of  tliii  jiiiliiri^ing  cunvnt,  is  ns  folluws :  Su]i[>(«in^'  llint  the  polnrizing 
ciirront  i*  Hewing  in  the  iiirei:tiun  of  the  arrow  in  tho  figure,  thnt  is, 
puBSBB  in  the  nerve  from  the  positivn  i-lcetrode  or  siiiode  p  to  tlio  ncj;fltive 
electrode  or  Icathode  }•',  it  is  found  tbnl  the  nirri'nl  through  the 
gftlv&noroetnr  C  is  ini?ri-nsed,  while  tlint  Ihrnugh^is  diminished.  The 
polarizing  cnrrent  has  caused  the  uppearanee  in  the  nerv^  oulside  tlie 
eleclroiles  of  a  currt-'Ut.  Imvinj;  thts  saiue  direction  as  ilHelf,  talh-d  the 
'electrelouio'  current;  and  this  i-Icct isotonic  cuiTent  adds  to,  or  liikcs 
&way  from,  tliu  natural  nervoeurrunt  or  "current  of  rest,"  according  ns 
It  is  flitwing  in  the  kiiui-  direction  n*  that,  or  in  un  opposite  direction. 

The  strength  of  the  eloctrotonic  current  in  dependent  on  the  strcn^dh 
of  llie  poliirizing  eurn;nt,  and  on  the  h'U^lh  of  tho  intmpolar  region, 
which  is  exposed  to  the  potiiriiing  current.  When  a  strung  polaiizing 
current  is  used,  the  electro  motive  furce  of  the  eJoctrotonic  current  may 
bo  much  greater  than   that  of  the  natural  ncrve-curront> 

The  strength  of  the  electrotonic  current  vaiies  with  ihe  irrilahiiity, 
or  vital  condition  of  the  nerve,  hcinj?  greater  with  the  more  irriliible 
nerve  ;  and  a  dead  norve  will  ni'l  nianifetit  eleelMtonie  curn-nlit.  More- 
over, the  propagation  of  the  curient  is  stopped  hj  a  lignlure,  or  by 
cniihing  the  ni-rve. 

\Vi!  may  sponk  of  the  conditions  which  give  tw  to  this  electrotonic 
current  ns  n  jikijncit  electrotonns  nimjogeiiii  in  thnt  phyri'/lnpi(al  cli'clro- 
tonus,  which  ia  made  known  by  vnrintions  in  irrilnhility.  'Die  physical 
«l«Ctrotoiiic  current  is  probably  due  to  the  ewcapo  of  the  poJariMug 
current  along  the  nerve  under  the  peculiar  conditions  of  the  living 
nerve  ;  but  wo  must  nut  attempt  to  enter  here  into  this  difficult  subject, 
or  into  the  allied  ipiestion  an  to  the  exBct  connection  between  the 
pliy«ia)l  and  the  physiuKigical  c1<-clr<>tonii>i,  lhoU((h  there  cnn  be  littlo 
doubt  that  tbu  bitter  is  dependent  on  the  former, 

§  72.  These  variations  of  irriUibilitj  at  the  kathodt-  niid  anod« 
lespoclivcly,  thus  brought  abont  by  tho  action  of  tlie  constant 
cnrrent,  are  intercstiiig  theorelii-ally,  bwausfi  we  nmy  trace  a  con- 
uection  botweon  them  and  the  nervous  impulse  which  is  the  result 
of  the  making  or  breaking  of  a  constant  cunent. 

For  we  have  evidence  that  a  nervous  impulse  is  generated 
when   a  portion  of   the   nerve  pusses   suddenly  from  a  normal 
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!  cwtdition  tn  a  8tAt«  of  kaU-IuutTotonus,  nr  from  a  stale  of  UUilcO* 
trotonuii  back  to  a  iiornial  cotidilioii ;  but  ibnl  the  [KLSMgf^  from 

I  £  Dormftl  condition  lo  anelectrotouus  or  from  katelectrotonus 
back  to  a  nonaal  condition  is  unable  to  generate  an   impulse. 

[Hence,  whi-n  «  coastiint  current  is  "  made,"  the  impulso  is  gen- 

tfratecl  only  iit  tlie  kathudL*  when;  thu  uctvc  pnsws  ^uddc-nly  into 
kati^U-ctnitouiis;  wh«u  the  current,  ou  Iho  other  hnud,  is  'broken.' 
til'.-  iuipulsu  in  generated  only  at  the  anode  where  thu  luirve  pns»es 
addetily  back  from  nnolectrotonus  into  a  normal  condition.     We 

'tiave  an  indirect  proof  of  tliis  in  the  facts  to  which  we  drew 
attention  a  little  while  back,  viz.  that  a  contraction  aomelimcs 
occurs  at  the  'breaking'  only,  sometimes  at  the  •making'  only 
of  the  coustant  current',  sometimes  lit  both.  For  it  is  found  that 
this  d<-|><.'nd^  partly  on  the  slrvui^th  of  the  cunviit  in  rehition  to 
the  irritability  of  the  nerve,  partly  on  the  direction  of  the  current, 
whether  asoending  or  desociidingi  and  the  resnltx  nblitiiied  with 
tlnm^'.  medium  and  weak  deaoending  and  ascending  currents  have 
be«u  staled  in  the  form  of  a  'law  of  contraction.'  We  need  not 
euter  into  the  details  of  this  'law,'  but  will  merely  say  that  the 
lesaltA  which  it  formulales  are  be§t  explained  by  the  hypothesis 
'_  Bt  stated.  We  may  add  that  when  the  constant  current  is 
Kl^lied  to  certain  structures  compot-ed  of  plain  muscular  fibres, 
vbow  nle  of  contraction  we  have-  seen  to  be  slow,  the  m.-iking 
contraction  may  he  actually  seen  to  begin  »t  the  kathcid<;  and 
travel  towards  the  anode,  and  the  broakinj;  contraction  to  begin 
at  the  anode  and  travel  thence  towards  the  knllKuIe. 

Since  in  katelectrotonus  the  irrilahility  is  incrt^sed,  and  in 
aneWtrotonus  decreased,  both  the  enlmnce  from  the  normal 
condition  into  katelectiotonus,  and  the  return  from  an  elect  niton  us 
I  to  the  normal  condition,  are  instances  of  a  passage  from  a  lower 
slBKo  of  irritability  lo  a  higher  stage  of  irritability.  Hence,  the 
phenomena  of  electrotonus  would  lead  ua  to  the  conception  that  a 
stimulus  in  provoking  a  nervous  impulse  produces  its  elTect  by,  in 
some  way  or  otJier,  smldenly  niisin^  th«  irritability  to  a  higher 
pitch.  Hut  what  we  are  exactly  to  under«Umd  by  raising  the 
irritability,  what  molecular  change  is  the  cbu*c  of  the  rise,  and 
bow  either  electric  or  other  stimuli  can  produce  this  change,  are 
matters  which  we  cannot  discuss  here. 

Besides  their  theoretical  importance,  the  phenomena  of  electro- 
tonus hare  also  a  practical  interest.  When  an  ascending  current 
is  passed  along  n  nerve  going  to  a  muscle  or  group  of  muscles,  the 
region  tvetween  thv  eleetrodea  and  the  muscle  is  thniwn  into 
aoelectrotonus,  and  its  irritability  is  diminished.  If  the  current 
bo  of  adeiiuato  strength,  the  irritability  may  Iw  co  much  lesaened 
that  oervoufl  impulses  cannot  )>e  generated  in  that  part  of  tbo 
nerve,  or  cannot  pass  along  it~  Hence,  by  tliis  means  the  irregular 
contractiona  of  muscles  known  a.*  '  cramp "  may  be  abolished. 
ffimilarly,  by  bringing  into  a  condition  of  sueluclrotouus  a  portion 
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of  a  sensory  nerve  in  which  violent  impalses  are  heing  generated, 
aiving  riso  in  the  cfiitnil  tu-rvoiis  system  to  seusntionts  of  pain,  the 
impulsdH  arc  tuiiud  ikiwn  yr  whully  iilmlbln.'i],  and  the  pain  ceases, 
So  un  the  other  hand  we  niay  at  pleasm*  heighten  the  irritability 
of  a  part  by  throwing  it  into  kattdecCroLomis.  In  this  way  thtf 
conKlaut  cvirront,  properly  applied,  becomea  a  powerful  remedial 
uit^ans. 

Ijifttly,  though  we  are  dealing  now  with  nerves  Roing  to  innacleR, 
that  13  to  say,  with  motor  ner^-us  only,  we  may  aild  that  what  we 
tiave  said  about  ek'ctrotonus  and  thu  development  of  neiToua 
impuUes  by  it  apj^iears  to  apply  eqiiaUy  well  to  senaoiy  nervea. 

§  73.  In  i\  general  way  iiunienlar  fibres  behave  towards  nn 
electric  ourruul  very  iimch  as  do  nerve  tibrcs ;  but  there  are 
certain   important  differences. 

In  the  tirst  place,  muscular  fibres,  devoid  of  nerve  fibres,  nre 
much  more  readily  thrown  into  contractions  by  the  breaking  and 
niakine  of  a  constant  current  than  by  the  more  transient 
induction-shock ;  the  muscular  substance  seems  to  be  more 
slu^sh  than  the  nervous  substance  and  requires  to  be  acted  upon 
for  a  longer  time.  This  fact  may  be  umde  use  of,  and  Indeed  its  in 
medical  praelire  made  use  of,  U>  delerniinc  (he  condition  of  the 
uerve.*  ftupjilyiiiij  a  muscle.  If  the  intramuscular  newes  he  *till  in 
good  condition,  the  muscle  aa  a  wliole  responds  readily  to  single 
in<Uicti(m-s hocks  because  these  can  act  upon  the  intramuscular 
nerves.  It  these  nerves  on  the  other  hand  have  lost  their  inita- 
bility.  the  muscle  Aots  not  n^spond  readily  to  single  induction- 
shocks,  or  to  the  interrupted  current,  but  can  still  easily  be  thrown 
into  oontrnctious  by  the  constant  current. 

In  the  second  place,  wliile  in  a  nerve  no  impulses  are  as  a  rule 
generated  during  the  passage  of  a  constant  cuirent,  between  the 
break  and  the  make,  provided  that  it  is  not  too  strong,  and  that  it 
lemains  uniform  in  strength,  in  an  urarized  muscle  on  the  other 
band,  oven  with  moderate  and  pei  fertly  uniform  currents,  a  kind  of 
tetanus  or  npparoully  a  series  of  rhylhmically  repeated  contractions 
is  very  frequently  witnessed  during  the  passnge  of  the  current. 
The  exact  nature  and  cause  of  these  phenomena  in  muscle,  we 
must  not  however  discuss  her& 
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§  T4.  The  f&cts  d<!«cribo(]  in  the  foregoing  sections  shew  that  a 
tnusi;It!  with  tis  nvrve  ainy  he  justly  ix'^rdod  as  a  machine  which, 
when  stiiiitilnled.  will  do  a  cirrtuiii  ninuiiDt  of  wurk.  Itut  the 
actiml  Biuouiit  of  work  whif^h  n  uiiiscU-iii^rve  prupBrutiuti  wit)  do  is 
found  to  depend  on  a  birge  iiiiinlier  of  cireumBtancv»,  nnd  cimse- 
i(nently  to  vary  within  very  widt!  limits.  These  variations  will  be 
lajftely  dutenninttd  by  the  condition  of  the  niuocle  and  nerve  in 
repxTct  to  thuir  nutrition  ;  in  other  words,  by  the  degree  of  irrita- 
bility manifeslcd  by  llic  muscle  or  by  the  nerve  or  by  both.  But 
quite  a[iari  (ruin  the  geni-rnl  iiiHuences  afreotiiig  its  nutrition  and 
tbiu  its  imtiibility.  n  musck-'Derve  prepurntion  is  nlTuctud,  ns 
nK*nls  Ihe  itmount  I'f  its  work, by  ft  variety  of  othi-r  circuuistnucus, 
which  we  may  briefly  consider  here,  reserving  to  a  succeeding 
tection  tlie  study  of  variations  in  irritAbility. 

We  may  here  remark  that  a  muscle  may  be  thrown  into 
contraction  under  two  difTerent  condition.i.  In  the  one  rase  it  may 
be  free  to  shorten :  by  the  lifting  of  the  weight  or  otherwise,  the 
one  end  of  the  muscle  may  approach  the  other;  and  this  is  the 
kind  of  contraction  which  we  liave  taken,  and  mny  take  aa  the 
ordinary  one.  But  the  muscle  nifty  bu  placed  under  such  circum- 
stAnce:*  that,  when  it  contracts,  llio  unc  end  is  not  brought  nearer 
t»  the  <ilher,  the  muscle  rt^mnins  of  the  same  length,  and  the 
effect  of  the  contraciion  is  manifesfd  '>"ly  as  an  incivusud  slmin. 
In  this  latter  case,  the  contraction  is  spoken  of  as  an  "  isontetrio," 
in  the  former  case  as  an  "isotonic"  contraction. 

7)te  infiutnce  of  the  natart  and  vwdt  of  apjilieation  of  tht 
rtimulux.  When  wo  apply  a  weak  stimulus,  a  weak  inductioa- 
shock,  to  a  nerve,  wo  get  a  small  coatractiou,  a  slight  shortening  of 
the  muscle :  when  we  apply  n  stronger  stimulus,  u  stronger  in- 
duction shock,  we  gtrt  II  Intger  contrnctinn,  n  gn-atcr  shortening  of 
the  muscle.  We  take,  other  things  U-ing  eijual.  llie  amount  of 
eontnetion  of  the  muscle  as  a  measur«  of  ilie  nervous  impulse, 
and  my  Uiat  in  the  former  case  a  wnnk  or  slight,  in  the  latter  case 
■  stranger  or  larger  nervous  impuUe  has  been  generated.  Now 
the  muscle  of  the  muscle-nerve  preparation  consists  of  many 
muacular  fibres  and  the  nerve  of  many  nerve  libres ;  and  we  may 
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fairlv'  sup{H>e«  tliiit  in  two  cxperiiiient«  we  niur  in  tlie  oai?  exycri- 
uont  briri<;  the  iiiductiou-^luxik  or  other  stiuiultis  U)  limr  oii  a  few 
uiTve  lil>n^  only.  And  in  t)ie  uLlier  experini«iii  on  many  or  even  all 
the  tibrc.'*  of  the  n<^rve.  In  llie  former  case  only  tht«ti  niuiicnlar 
Rhres  in  which  the  few  nerve  fibres  atiumlaied  end  will  he  thrown 
into  ooDtraction,  the  others  rumaiuiuL'  ((uiet,  sad  the  shorteuiog 
of  the  luiiscie  aft  a  whole.  sLuoe  only  a  ft-w  fibres  t^kc  i>art  in  it, 
will  necessarily  be  less  than  wIiud  all  the  fibres  of  tho  m;r%'v  aiv 
ettmiilated  and  all  the  fibrus  of  tlte  muscle  ooDtracL.  That  is  to 
say,  the  amount  of  coutroctiou  will  dir[)end  on  the  iiuiuber  of 
fil»iei  stimula'.el.  For  siinplicily's  sake  however  we  wil!  in  what 
follows,  uccupt  whuu  olhiL-rwisi;  ludtcateil,  supjHK'e  tliat  when  a 
Durvu  is  siiiuulutbd,  all  the  t)br«s  are  siiuiulate^i  aud  all  the 
muscular  fibi«s  t-oiitra-Jt. 

This  h  iiu^  preini.se-1,  we  may  say  thai,  other  things  being  equal, 
the  magnitude  of  a  nervous  impulse,  and  so  the  magnitude  of  the 
ensning  contraction,  ia  directly  depeQd(.-ut  uu  what  va  may  (»U 
the  strength  of  the  stimnluB.  Thus  takinj;  a  single  induction- 
shock  a«  the  most  mauagoabU  stimulus,  we  And  that  if,  1<efur«  we 
bi-gin,  wc  place  the  sjcondary  coil  (Fij;.  4,  «e.)  a  lony  way  off  the 
jirimnry  coil  pr.  c,  no  visible  ofToct  at  all  follows  upon  the 
dischuTfre  of  tlie  tnduction-i^hock.  The  paa.4a^e  of  the  momentary 
weak  ciirTe:it  is  either  unahle  to  produce  any  nervous  impulse  at 
all,  or  the  weak  nervous  impulse  to  which  it  gives  rise  is  unable 
to  stir  the  sluggish  muscular  substance  to  a  visible  contraction. 
As  wc  slide  the  secondary  coil  towards  the  primuiy,  sending  in  an 
induotiiju-shock  at  each  now  position,  we  find  that  ai  a  ccrtniu 
dbUincu  lx.-twi^«n  tho  socondun*  and  primary  coils,  tht;  muscle 
responds  to  tuvh  induction-shock  '  with  u  conliaction  whicli  makes 
iiaelf  visible  by  the  slightest  possible  risu  of  the  attached  lover. 
This  position  of  the  coils,  the  battery  remaining  the  snmu  and 
other  things  b^ing  equal,  marks  the  miHinwi/  .ttininlu^  giving  rise 
to  the  minimal  contraction.  As  tlie  secf)ndary  coil  is  brought 
nearer  to  the  primary,  the  coutxactions  inci«ase  in  height  corre- 
sponding to  the  increase  in  the  intensity  nf  the  stimulus.  Very 
soou  however  an  increase  in  the  stimulus  caused  by  further  sliding 
tlie  secondary  coil  over  iho  primary  fails  to  cau^  any  increase 
in  the  ccHitractioru  This  indicates  that  the  maximal  stimulus 
giving  rise  to  the  ma.\iiniil  contraction  has  beno  reached  i  though 
the  shocks  increase  in  intensity  ns  the  secondary  coil  is  pushed 
further  and  further  over  the  primary,  the  contractions  remain  of 
the  samu  height,  until  fatigue  lowers  them. 

With  single  induction-shocks  then  the  muscular  contraction, 
and  by  inferencv  the  neni'ous  impulse,  incieasen  with  an  increase  ia 
the  iuteni^itY  of  the  stimulus,  between  the  limits  of  the  minimal 

■  In  ihpM  rxt'Tilinvnu  rith*r  l)i#  iTMkinit  nr  niii1ciii|t  ilied:  fnu«t  hi-  »>cd.  not 
•MiMtimpi  onv  and  aomailniM  rlw  nitwr.  tor,  m  nr^  hnvr  *t»wd,  tlic  two  kiodi  at 
aback  dUfw  in  •Sduiqr,  Utr  bnaUof  tMing  ik«  niMt  fou 
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■nd  maxJDinl  stioiuli ;  and  this  dependence  of  the  nervous  itnpalae, 
and  so  of  thv  contrnctioii.  on  tbf  strcnj^h  uf  the  stimulus  mar  be 
ubscrvud  tmt  ouly  iii  uleciric  hut  in  nil  kinds  of  stimuli. 

It  itiny  here  l>e  reTiinrktid  that  in  oixltT  fur  n  stimulus  to  be 
rIToctive,  a  certain  abriijnnt;:tK  in  its  action  in  neot»!<ary.  Thus 
a.4  we  have  §eeD  the  cmiHtaut  current  when  it  i»  ptu«iiig  through 
s  nerve  with  uniform  intensity  (Uiest  not  give  rine  to  a  oervous 
impulse,  and  indoeJ  it  mar  l«  increased  or  diniinijihed  tn  almost 
any  extent  withmit  generating  nervous  impuUes.  provided  that  the 
chnn<;i-  bo  mode  t^aduiilly  t'liough ;  it  is  only  when  theie  is  a 
sud'h-n  change-  that  [he  ciim'nl  becomes  ell'ective  as  a  slimulus. 
And  th«  n.Mi»iiii  why  the  hrwikin;,'  induction-shock  is  more  potent 
a^  a  ittimulus  than  the  making  .sliuck  is  becausL-  as  wt-  have  feen 
(§44)  the  current  which  is  induced  in  the  »;eciiudary  coil  of  an 
induction-machine  at  the  bn^kiny  of  the  primniy  circuit,  is  more 
rapidly  developed,  and  has  a  sharixr  li^e  than  the  current  which 
appears  when  the  primary  circuit  is  made.  Similarly  a  sharp  tap 
on  a  ii<?rv(!  will  produce-  a  contraction,  when  a  gradually  increasing 
I>rv».'>ure  will  fail  U)  do  so.  and  in  genera!  the  etticiency  of  a 
Mimulus  of  any  kind  will  depend  iu  purl  on  the  suddenness  or 
ahrupinesd  of  its  action. 

A  stimulus,  in  order  that  it  may  he  effective,  must  have  an 
action  of  a  certain  duration,  the  time  ntxesyary  to  ptiHiuce  an  elTect 
varying  accoriUnc  to  the  strength  of  the  stimulus  and  being  differ* 
eot  in  Uie  ca«.-  ot  a  nerve  from  what  it  is  in  tl;e  case  of  a  muscle. 
U  would  api«ar  that  an  electric  cunent  applied  to  a  nerve  must 
have  a  duiHtion  of  at  least  about  00  lo  sec.  to  cause  any  contrac- 
Uua  at  all,  and  needs  a  longer  time  than  this  to  produce  its  full 
eBttCt  A  muHch^  librc  apart  from  its  nerve  Hhru  requires  »  still 
lunfirr  dumtjon  of  the  stiimdus,  and  hcnoe,  o»  we  have  already 
MMmI.  a  muscle  poiMoni'd  by  urari,  or  which  liax  otherwise  hwt 
the  action  of  its  uerv'e-i,  will  not  res]>ond  as  readily  to  induction* 
shocks  as  t<>  the  more  slowly  acting,  breaking  and  making  of  a 
ootistant  current 

In  the  ca^e  of  electric  stimuli,  the  seme  current  will  produce 
a  stranger  contraction  when  it  is  sent  along  the  nerve  than  when 
it  is  sent  acro<«  th»t  ner^-e :  indeed  it  is  miiintained  that  a  current 
which  passes  through  a  nerve  in  «n  absolutely  trans^'e^»e  direction 
l*.  pi>werli.-i>«  togenenif'  iinpulws. 

^  75.  We  have  seen  that  when  single  stimuli  are  repeated 
with  sufhcienl  frequency,  the  individual  contractions  arc  fused 
into  tetanus;  aa  the  frequency  of  the  repetition  is  [ncrca»ed.  the 
individual  contractions  are  less  obvious  on  the  curve,  until  at 
lattt  we  gel  u  curve  on  which  tiiey  se«m  to  Iw  entirely  lost  and 
which  we  may  spvnk  of  na  a  complvt'^  t«tanu».  By  suoh  a  tetanus 
a  mnch  greater  contraction,  a  much  greater  Rhortening  of  the 
muscle  t*  of  coiine  obtained  than  by  single  contractions. 

The  exact  frequency  of  repetition  required  to  produce  com* 
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plete  tetaiiu.s  will  depeikil  chiefly  on  the  length  nf  the  imlividuul 
conti'actioua,  and  tlus  varies  in  ditferant  animab,  in  ilitTentnt 
musclea  of  the  same  aQimal,  and  in  the  same  muscle  under  differ- 
ent conditions.  In  a  cold  hlouded  animal  a  siu>jle  contraction  is 
OB  a  mlu  mure  tuoluiigud  thau  in  a  warm  blooded  animal,  and 
tetanus  ia  cou80i|iieiit]y  produced  lu  tliw  former  l)y  a  less  frwiuent 
repctitimi  of  tin;  stimulus.  A  tired  muKcIo  has  a  hinder  contrac- 
tion tliui  a  fresh  muscle,  and  hence  in  many  tetanus  (curves  the 
individual  contractii>n9,  eattily  recognised  at  first,  disappear  later 
on,  owing  to  the  indi%'idual  contractions  being  lengthened  out  by 
the  exhaustion  caused  by  the  tetanus  itself.  In  many  animals, 
e,  g.  the  rabbit,  some  muscles  (such  us  the  adductor  magnus 
femoris)  are  pale,  wbilo  others  (such  as  the  semituudiuosus)  are 
red.  The  n^d  muscles  are  not  only  more  richly  supplied  with 
blood  vessels,  but  the  muscle  Mubstauce  of  the  iibres  contains 
more  hfemoglobiu  than  the  iiale,  and  there  are  other  structural 
differences.  Now  the  sirijrle  cmitraction  of  one  of  these  red  muscles 
is  nmre  prolonged  than  the  single  cotitracliim  of  one  of  the  pale 
musclea  produced  by  the  same  stimulus.  Hence  the  red  muscles 
are  thrown  into  complete  tetiuius  with  a  repetition  of  much  less 
frequency  than  that  rofiuircd  for  the  pale  muscles.  Thus,  ten 
stimuli  in  a  second  aru  quite  sufficient  to  throw  tlie  red  musclfs 
o(  tlio  rabbit  into  complete  tetanus,  while  the  pale  muscles 
require  at  leaH  twenty  stimuli  in  a  second. 

Sii  long  as  signs  of  the  individual  contractions  are  visible  on 
the  curve  of  tetanus  it  is  easy  lo  n-ci^ni.'ie  that  onch  stimulation 
prcjtluces  one  of  the  constituent  single  contractions,  and  that  the 
number  so  to  speak  of  the  vibrations  of  the  niusdo  nuiking  up 
the  tetanus  corresponds  to  the  number  of  stimulations;  but  the 
question  whether,  when  we  increase  the  number  of  stimulations 
beyond  tlial  necessary  to  produce  a  complete  tetanus,  we  still 
increase  the  number  of  constituent  single  contractions  is  one  not 
so  easy  to  answer.  And  connected  wiih  this  question  is  another 
ditticult  one.  What  is  the  rati-  of  reju-tiLion  of  single  crmtmc- 
tions  making  up  those  tetanic  contractions  which  as  we  have  said 
are  the  kind  of  contractions  by  which  the  vohtntury,  and  indeed 
other  natural,  movemanta  of  the  body  are  carried  out?  What  is 
the  evidence  that  these  are  really  tetanic  in  character  ? 

When  a  muscle  is  thrown  into  tetanus,  a  more  or  less  musical 
sound  is  produC'^jd.  This  may  be  beard  by  applying  a  slelhoscojie 
directly  over  a  contracting  mustde.  and  a  similar  sound  but  of  a 
more  mixed  origin  and  less  truslwnrthy  may  be  heard  when  the 
masseter  museh-*  are  forcibly  contracted  or  when  a  finger  is  plnced 
in  the  ear,  and  the  niH.icles  of  the  same  ami  are  cnntmctod. 

When  the  stethoscttpa  is  placed  over  a  muscle,  the  nerve  o( 
which  is  stimulated  by  induction-sliocks  repealed  with  varying 
frequency,  the  note  heard  will  vary  with  ihe  frequency  of  the 
shocks,  being  of    higher  pitcb  with  the  more  frt^quent  shocks. 
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Sow  it  has  boon  thounht  that  the  vibration!)  of  the  muscle  giiving 
riea  to  the  "  musclu  sound"  are  idi'utiL-al  with  the  single  con- 
tmctions  iiinkiiig  u\>  the  tvtsiiuti  ol  the  mueclQ.  And  since,  in 
tbu  htiuiaii  Ijody,  when  n  iniis<;lij  is  lliruwn  iiitu  luiitruetiun  in  a 
LTolonCary  effort,  or  iiiileed  in  any  of  the  ordiiinrv  uiitiiml  ui»vl>- 
its  of  th«  body,  the  fundameiilal  tone  of  tiie  fuiiud  corTc^punds 
to  about  ly  or  20  vibiations  a  secoud,  it  has  been  roncluiled  that 
th«  coiitruction  taking  place  in  such  cases  is  a  tetanus  of  whicli 
llwr  iudividuftl  cuulrnctions  follow  toch  other  about  19  or  20  times 
ft  »eooDd.  Itul  iuve»ti>;iuiuns  mivId  to  aht^w  that  the  vil  rations 
giving  riM  tu  the  muscle  »ouud  do  not  leally  cwrre&poud  tu  thti 
fihoiteiiinga  and  relaxations  of  tin;  individual  coutiactious,  and 
that  the  jiitch  of  the  note  oaunoi  ihen-fxrc  liu  Uikm  iis  an  iuiUuu- 
of  tilt'  number  of  single  cnntraclioii)'  tnnkin};  u|)  itit-- tt-taiiu.t ; 
Jeed,  as  wo  shall  see  in  apeaking  of  the  pounds  of  the  heart,  a 
sianUs  uinsculur  contraction  may  produce  a  sound  which  thoush 
diOcriug  from  lh«  w>und  given  out  during  teunus  has  to  a  certain 
Kienl  mniiical  chanictt-rs.  Nevertheless  the  speeiul  characti^Tii 
of  the  muscle  snund  givtu  out  by  muscles  in  the  imtuml  luovc- 
DmniA  of  tlie  budy  may  W  taken  as  shewing  at  li-jist  ihnt  the 
icoutractions  of  the  niu.-«clf  in  thest.-  movt-mfiils  arc  tetanic  in 
nature,  and  the  similarity  of  tin-  note  in  all  the  voluntary  efforts  of 
tlie  iiody  and  indeod  in  all  moveinent^  carried  out  hy  the  central 
nervous  system  is  at  least  consonant  with  the  view  that  the 
LTejietition  of  oingle  contractions  is  of  about  the  same  fic>|UGncy 
in  all  these  movements.  Vhat  that  fiequenty  ia,  and  whether 
it  IB  exactly  identical  in  ull  these  movements,  has  nut  )it  ]'rc«^nt 
been  clearly  determined;  thoit);h  certain  markinj^s  on  the  inyro- 
etaphtc  tracings  of  the^  movcnicnls  and  other  facts  seem  to 
uidicaie  that  it  is  ahout  12  a  second. 

§  78.  Tkf  InAunxt  of  Ihr  Lmii.  Tt  might  be  imagined  that 
■  riiim:I«,  which,  when  loaded  with  a  given  weight,  and  stimulated 
by  a  cwrrwnt  of  a  given  intensity,  had  contracted  to  a  certain 
extent,  would  only  contract  t"  half  I  hat  extent  when  loaded  with 
twice  the  ueighl  and  stimulated  with  the  same  stimulus.  Such 
however  is  not  necessarily  the  ca^e;  the  height  to  which  the 
weight  is  raised  may  be  in  the  second  instanoi-  as  grcaly  or  even 
^■at«r.  than  in  the  first  That  is  to  say.  the  n^istance  offered 
to  the  contraction  iiclnnlly  augments  the  ciminiclion.  the  ten- 
gionof  the  muscular  hbie  intrt-ajws  the  facility  with  which  the 
esplottive  changf.t  n-^ultiiig  in  a  contnictinn  take  place.  And  w» 
have  other  evidence  tliat  anything  which  tends  to  stretch  the 
ninscnlar  Bbres,  that  any  t«;nsion  of  the  nini<cular  fibres,  whether 
durini;  TQSl  or  during  contraction,  increases  the  metabolism  of  the 
muscle.  There  is,  of  course,  a  limit  to  this  favourable  action  of 
the  resifttance.  As  the  load  continues  to  bo  incrvttM-d.  the  height 
of  the  cfinlmctinn  i^  diniiniviii'd.  and  at  lost  a  point  i«  reached  at 
whicli  the  muscle  is  unable  't^ven  when  the  stimulus  chosen  is 
the  strongest  possible)  to  lift  the  load  at  alL 
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In  a  muscle  viewed  as  a  machine  we  have  to  deal  not  merely 
with  tho  height  of  the  coutraction,  that  is  with  the  amount  m 
Bhortuniiitj,  but  with  the  work  done.  And  this  is  measured  by 
miiUii'lyiiig  tliu  iiiuiil>er  of  uiiit«  of  height  to  which  th^-  loud  18 
niisfd  into  thu  nuuihur  (if  iiTiits  of  weight  of  the  Inad.  Hence  it 
i.t  ubviiius  frum  tlie  foiej^oijig  obiiorvations  that  llie  work  done 
imi-tt  be  largely  dependent  on  the  weight  itself.  Thu.s  there  \»  a 
t(!nain  weight  of  Iijad  with  which  in  any  given  muscle,  stimu- 
lated by  a  given  stiinulus.  tho  most  work  will  be  done ;  aa  may 
be  seen  from  the  following  example: 

Load,  in  grammes 0   50    100    150   200   250 

Height  of  con  tract  ioii.t  in  millimeters  14      9        7        5        2        0 
Work  done,  in  grani-raillimeters  .-  .     0  450    700    750    400        0 

§  77.  Tlie  fnffuence  of  the  Si~f  and  Form  uf  the  Muscle,  Sinco 
nil  kuowii  muscular  fibres  are  much  shurler  than  the  wave-length 
of  a  con  traction .  it  is  obvious  that  the  longer  the  fibre,  the  greater 
will  be  the  shortening  caiiited  by  the  ttame  contraction  wave,  the 
greater  will  h^  the  height  of  the  contraction  with  the  same 
stimulus.  Hence  in  a  muscle  of  parallel  fibre?,  the  height  to 
which  ihfi  load  is  raised  as  the  result  uf  a  given  stimulus  applied 
to  ita  nerve,  will  depend  on  the  length  of  the  Hbres,  while  the 
maximum  weight  uf  load  capiible  of  being  lifted  will  depend  on 
the  numher  of  the  fibres,  .since  the  lonil  i^  distributed  among 
them.  Of  two  niiuicles  therefore  of  efinal  h^iigth  (and  of  the 
same  quality)  the  most  work  will  be  done  by  that  wliioh  ha«  tho 
larger  number  of  fibres,  that  is  to  say.  ihe  fibres  being  of  e^ual 
width,  which  has  tho  great'jr  aectionnl  area ;  and  of  two  muscles 
with  e<iual  sectional  areas,  the  m'wt  work  will  Im  done  by  that 
which  is  the  lunger.  If  the  two  muscles  are  unc<|iml  both  in 
l.'iiglh  and  sectional  area,  the  work  done  will  he  the  gri>aUT  in  lli« 
one  which  has  the  larger  bulk,  which  contains  the  greater  number 
of  cubic  units.  In  speaking  therefore  of  the  work  which  can  I* 
done  by  a  mu^clu,  wc  may  use  an  a  standard  a  cubic  unit  of  bulk, 
or,  the  specific  gravity  of  the  muscle  being  the  sumi*.  a  unit  of 
weight. 

We  learn  thea  from  ths  foregoing  yarngraphs  that  the  work 
dune,  by  a  muscle-ncrvo  preparatioa,  will  ilejiend,  not  only  on  tho 
activity  of  the  nerve  and  muscle  as  determined  by  their  own 
irriUbilicv,  but  also  on  tho  character  and  mode  of  application  of 
the  stimulus,  on  the  kind  of  eontracti<in  (whether  a  single  spasm, 
or  a  slowly  repeated  leianii!*  or  a  rapidly  rc|«'.iitcd  letimus)  on  the 
load  itself,  and  on  the  size  and  form  of  ihe  muscle.  Taking 
the  mi«t  favourable  circumstances,  viz,  a  well-notiriftbed,  lively 
preparation,  n  maximum  stimuluit  causing  a  rapid  tetanus  ami  an 
appropriale  load,  we  mav  determine  the  maximum  work  done  by 
a  giv'en  weight  of  muscle,  say  one  ;rmHime  This  in  the  ca'^e  of 
th«  muttcles  of  the  frog  ha*  been  e^itimated  at  about  four  gram- 
meters  for  one  gramme  uf  muscle. 


SEC.  5.  THE  CIRCUMSTANCKS  WHICH  DETERMINE 
THE  DEdKEE  OV  lUUITAlilLlTY  OF  MUSCLES  AND 
KEBVES. 


§  78.  A  muwle-nerve  prepnnitiOR.  at  the  time  tlint  it  w  re- 
moved from  the  hmly,  }io»3es9ea  a  certain  degree  of  irritability,  it 
refl[M>ndB  by  a  contrdction  of  a  certain  amount  to  a  atimulun  of  a 
certain  strvogth.  applied  to  the  Borve  or  to  the  muscle.  After  a 
while,  tho  exact  period  dt-pentliug  on  a  variety  of  eircumstanees, 
the  saintt  stitnulos  produce*  a  smaller  contT«ctiou,  i.e.  the  irriUibi)ity 
of  th«  prcpAmlion  has  diuitiiished.  In  other  wurds,  the  iituHclc. 
Mf  nerve,  or  both,  hav«  become  partially  '  exhaiisti^^d ; '  and  tho 
exUnii«tJOR  subiiequeulty  increases,  the  same  stimulus  producing 
smalkr  contractions,  unlit  at  last  all  irritability  is  lost,  no  stimulus 
however  strong  producing  any  contraction,  whether  applied  to  the 
nerve  or  direcuy  to  tl>e  inusclo ;  and  eventually  the  muscle,  as  we 
have  seen,  becomes  rigid  The  progress  of  this  exhaustion  is  more 
rapid  in  the  nerves  thau  in  the  muscles ;  for  some  time  after  the 
nerve  tmnk  has  c«ased  to  rei«])ond  to  even  the  8trongE?st  stimnlua, 
Coutractious  may  be  obtained  by  applying  the  stimulus  directly  to 
the  tnu*cle.  It  U  much  more  rapid  in  the  warm  blooded  than  in 
the  cold  blM>ded  animals.  The  muscles  andni^rvcs  uf  the  former 
IiM«  their  irritability,  when  removed  from  the  body,  afior  a  period 
varying  according  to  circumstances  from  a  few  minutes  to  two  or 
three  boura;  those  of  cold  blooded  animals  {or  at  least  of  an 
amphibian  or  a  reptile)  may,  under  favourable  conditions,  remain 
irritable  for  two,  three,  or  even  more  days.  The  duration  of 
irritability  in  warm  blooded  animals  may,  however,  be  considerably 
inoloDged  by  reducing  the  tempi^mturc  of  tlte  body  before  death. 

If  with  lame  ihin  body  a  sharp  blow  be  struck  across  a  inuiicin  whidi 
Ihw  »Dt«n<1  into  tb»  Ut«r  stages  of  exhaustion,  a  whoil  lasting  tat 
atmai  mmiuU  is  devdoped.  This  whf^id  apiwun  tir  bn  a  contmrtion 
wan  limiled  tn  the  part  strock,  and  diaappearing  very  xlnnrly,  without 
•xtanding  to  the  ncighbouriii);  tnuMnlar  aubatanoc.     It  hn«  I>«en  rallad 
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an  'idio-nmacular'  cmitraction,  bi'wmsifi  it  may  lio  brought  out  erim 
when  ordinary  ftlimuli  Iiave  ceuMPil  to  invxlitce  iiny  i-ffrrt.  Il  may  bow- 
ever  be  3<'«oiupatiifil  at  its  beKiiininnl'y  an  ordUiury  conti'iiction.  It 
is  readily  produced  in  the  iiviiiK  budy  on  thi)iieuli>iiiliiti(l  othc^r  muHcIvs 
of  persons  suffering  from  phtbiaiai  and  otbur  exliituiting  disi'iMce. 

This  natural  exhausUmi  and  dimintitiun  of  irritability  in 
iniiBcles  and  nerves  remuved  from  the  body  may  Vjh  unbilled  both 
ill  the  case  of  the  muscle  and  of  the  nerve,  by  a  variety  of  circum- 
atflncea.  Similarly,  while  the  nen'e  and  muscle  still  remain  in  the 
body,  the  irritability  of  the  ono  or  of  the  other  may  be  modiGed 
«itliLT  ill  the  way  of  increase  or  of  decretiso  by  certiiiii  general 
influences,  of  uliioli  the  must  im|>i>rtaiit  an;,  suvurauce  from  the 
centra]  iit-rvuu!*  systi-Hi,  and  varjntious  iq  tem|>er&tnre,  iu  blotid 
supply,  and  in  funclional  nctivity. 

The  Effects  of  Sr-veranc*  from,  the  Cfiitral  Nerravx  Syftem, 
When  a  nerve,  unch  for  instance  as  the  sciatic,  is  divided  in 
situ,  in  the  living  body,  there  is  tirat  of  all  observed  a  slight 
intrease  of  irritability,  noticeable  I'siiocinlly  near  llic  cut  end  ;  but 
after  a  while  the  irritiibilily  diminish^,  iiud  gradually  disapjjcars. 
liolti  iJk-  slight  inilini  in(;'rl'aJ:^•  and  ihi?  sidi.->fi|iieTil  dc(^n;ase  bogin 
at  the  cut  end  and  advance  ceutiifugally  towards  the  peri))lieral 
lerniinationa.  This  centrifugal  feature  of  the  loss  of  irritability  is 
often  spoken  of  as  the  l{itter-\"alli  liiw.  In  a  mammal  it  may  be 
two  or  three  days,  in  a  frog,  n»  many,  or  even  more  weeks,  before 
irritability  has  disftpjKjari-d  from  the  nerve  truulc.  It  is  maintFiined 
in  the  small  (nnd  esiK'dally  in  the  inlranmscular)  brandies  for 
atill  longer  periods. 

This  centrifugal  loss  of  irritability  is  the  forerunner  in  tho 
[>eriplieral  portion  of  the  divided  nen-e  of  structural  changes 
which  proceed  in  a  similar  centrifugal  manner.  In  the  centml 
portion  of  the  divided  lU'r^'u  these  stnicturiil  changes  may  be 
traced  a,i  far  only  as  the  next  ihhIp  of  Rnnvicr.  Beyond  this 
the  iiene  usually  remain!*  in  «  normal  condition.  Such  a  degen- 
eration may  lie  observed  to  extend  down  to  the  very  endings  ot 
the  nerve  Ju  the  muscle,  including  the  end-plates,  but  d(K!s  not 
at  first  afTect  the  mn.scular  substance  itself.  The  muscle,  though 
it  has  lost  all  its  nervous  elements,  still  rcmaiuK  irritable  towards 
stimuli  applied  directly  to  ilwlf:  an  additional  proof  of  the 
exi.'tbenoe  of  an  indqxindeiil  miwculnr  irri lability. 

If  the  muscle  thus  deprived  of  it,i  nervous  element*  be  left  to 
itself  itsirritability,  however  tested,  sooner  or  later  dimini3<hei<;  hut 
if  the  muscle  lie  jieriotlically  thrown  into  contractions  by  artificial 
stimulation  with  the  constant  current,  the  decline  of  irritability 
and  attendant  loss  of  nutritive  power  may  1«  postponed  for  some 
considerable?  lime.  But  so  far  ait  our  experience  goes  at  present 
the  trtilicial  stimulation  cannot  fully  replace  the  natural  one,  and 
soooer  or  later  the  muado  Ulce  the  nerve  sulTcts  degeneratioa.  losea 
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all  irritability  and  ultimately  ita  place  la  taken  by  coonectire 
tissue. 

For  some  time  tliB  irritability  of  tha  muscle,  as  well  towards 
stimuli  applied  directly  U>  itself  as  towanis  those  Hjipltcd  through 
thtMtui>air<td  ii«rve,  seems  to  lie  dimlni^heil;  but  after  a  whilu  a 
[leculiar  oouditinii  (to  which  we  liave  already  alluded,  §  7S)  sola 
in,  ID  which  the  muscle  is  fnund  to  he  not  easily  stiuiiikted  by 
!iiii);le  induction-shucks  but  to  respond  readily  to  the  make  or 
break  of  a  constant  current  In  fact  it  is  said  to  become  even 
more  sensitive  to  tho  latter  mode  of  stimulation  tbun  it  was 
wImd  ita  nerve  wus  intact  an<[  functionully  active.  At  the  same 
time  it  also  hecomes  mom  irrit»hle  luwnrds  direct  niechauicul 
stimuli,  and  very  frcquentiy  librillar  rim trnctions,  nmre  or  less 
rhythmic  and  api^ivntly  of  spoutaue'in.'*  origin,  thou^^h  their 
causation  is  ohscuiv.  make  thuir  appearance.  This  phase  of 
heigh tene<r  sensitiveness  of  a  muscle,  ejipec in ily  to  the  constant 
current,  appears  to  r«^'acb  its  maximum,  in  man  at  about  the 
seventh  WLxek  after  nervous  impulses  huve  ceased,  owing  to  injury 
to  the  nen'cs  or  ucr^'ous  oonlre.  to  reach  the  muscle. 

§  79.  The  infitunct  of  Umpftrntwre.  We  have  already  seen 
tliat  sudden  heat  (and  the  same  mi;.'ht  be  said  of  cold  when 
safficietitly  intense),  applied  u>  »  liniiiiid  part  of  a  nerve  or  muscle. 
as  when  Uie  nerve  or  mu»cl«  is  touched  wilh  a  hot  wire,  will 
act  as  a  stimulus.  It  is  however  much  more  ditticuH  to  gene* 
rate  ner^-ous  or  muscular  impulses  by  exposing  a  whole  motor 
nerve '  or  muscle  to  a  gradual  rise  of  temperature. 

A  muscle  may  be  gradually  cooleil  to  0"  C  or  below  without 
iny  oontruction  beiu*;  caused ;  but  when  it  is  beat^  to  a  limit, 
which  in  the  case  of  fro^a  muscles  is  about  45",  of  mammalian 
muscles  ab'>ut  50°, a  snildon  change  takes  place:  the  muscle  falls, 
at  Uie  limiting  temperature,  into  a  ri^r  mortis,  which  is  initiated 
by  a  forcible  contraction  or  at  least  shortening. 

Moderate  warmth,  e.  g.  in  the  frog  an  increase  of  temperature 
up  to  somewhat  ))clow45'  C.  favour->  both  muscular  find  nervous 
irritability.  All  the  molecular  processes  an?  hastened  and  facili- 
tated: the  ountractiun  is  for  a  given  stimulus  greater  and  more 
npid,  iL «.  of  shorter  duration,  and  nervous  impulses  are  generated 
mora  readily  by  slight  stimuli.  Owing  to  the  <)uickeuiug  of  the 
cbemic^  change.^,  the  supply  of  new  nintorial  may  prove  insufh- 
cient ,  hence  muscles  and  ner\'es  removed  from  the  body  lase  their 
irritability  m»re  rapidly  at  s  high  than  at  a  low  temjierature. 

The  K^'iduftl  application  of  cold  to  a  nerve  produces  effects 
which  differ  according  to  the  kind  of  stimulus  employed  in  teatiog 
the  condition  of  the  ner\'e ;  but  it  may  be  atatcd  in  gcnerel  tliat  a 
low  tvmpeiatura,  especially  one  near  to  0*.  slackens  nil  the  mole* 
cular  pTooesses,  so  tliat  the  wave  of  nervous  impulse  is  leadened 
and  proluoged,  the  velocity  of  its  pasBHji;e  being  mnoh  diminished, 

*  Tlw  aL-iiom  of  cold  and  host  on  wsMDtj  orr*M  «fll  b«  coiuiJ«r«<l  In  the  Utcr 
portlMi  of  I  ho  «ar)t. 
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e.  </.  from  28  metres  to  ]  metre  per  xec.     At  about  0^,  the  irritu- 
bility  of  the  nerve  disappears  altogether. 

When  s  muscle  is  exjMSed  to  similar  cold.  «,  ^.  to  a  tempem- 
t\ire  very  little  above  ziTo,  the  contractions  are  remarkably  yrn- 
lougcd;  tliuy  arc  diminiahL-tl  iti  hei<{hl  at  the  same  time,  but  not 
in  proporti'm  to  the  increase  of  tlii-ir  diinitiun.  Exposed  to  a 
Unnijeratnre  of  zero  nr  Ixrlow,  nmsclfs  snou  lose  their  irritability, 
withoiii  li()Wever  undergoing  rigor  mortis. 

§  80.  The  injluenee  of  blond  supply.  When  a  nmscle  still 
within  the  body  is  deprived  by  any  means  of  its  proper  blood 
supply,  as  when  the  blood  vessels  goinj;  to  it  are  ligatureil,  the 
same  gnidnal  loss  of  irritability  and  finiil  appearance  of  rigor 
mmli^  arfc  obsurved  as  in  niusoles  n-moved  from  ihe  body.  Thus 
if  the  abdominal  a'ula  bo  lit^atnn/d,  thf  muscles  of  the  lower 
limbs  lose  their  irritability  and  finally  bocoine  rigid.  Su  also  iu 
systemic  death,  when  tiie  bWirt  siipjjly  to  the  mnscles  is  cut  oH  by 
the  cessation  of  the  circulation,  loss  of  trritaliility  ensues,  and  Hgnr 
mortis  eventually  follows.  In  a  human  corpse  the  muscle.«  of  the 
boiiy  enter  into  rigor  mortis  in  a  fixed  order :  first  those  of  the  jaw 
and  neck,  then  those  of  the  trunk,  next  those  of  the  arms,  and 
lastly  those  of  the  legs.  The  rapidity  with  which  riRcr  mortis 
comes  on  after  death  vtiriL's  coasiderably,  being  di-tcrinincd  both  by 
extemul  circumstances  and  by  the  inlcrnal  cnndllions  of  the  body. 
Thus  external  wurmtli  hastens  and  eold  retards  the  onset.  After 
great  muscular  ext-rtion,  as  in  hnnted  animals,  and  when  di-ath 
closes  wa.ttins;  diseases,  rigor  morlis  in  mo."!!  cases  comes  on  rapiiUy. 
As  ft  general  rnle  it  may  be  said  that  the  later  it  is  in  making  its 
apparance,  the  more  pronounced  it  is.  and  the  longer  it  lasts ;  but 
there  are  many  exceptions,  and  wlicn  the  slate  is  n-engnifed  us 
being  fundamentally  due  to  a  clotting  of  the  mui^cle  subslAnce,  it 
is  easy  to  understand  that  tbo  amount  of  rigidity,  i.  r-  the  amount 
of  the  clot,  and  the  rapidity  of  the  oimet,  j.  <?.  the  quickness  with 
which  clotting  takes  place,  may  vaiy  independently.  When 
rigor  mortis  has  once  become  thoroughly  establiBheri  iu  a  muscle 
through  deprivation  of  blood,  it  cannot  be  removed  by  any  sub- 
eeqneul  supply  of  blood.  Mere  loss  of  irritability,  even  though 
complete,  if  .stopping  short  of  the  actual  clotting  of  the  muscle 
eubst^nce,  may  be  with  care  removed. 

The  influence  of  blood  supply  cannot  be  so  .satisfactorily  studied 
in  the  case  of  nen'cs  as  in  the  cose  of  ninscU's ;  there  can  howe%-er 
be  little  doubt  that  the  elTect*  are  analogous. 

§  81.  Tht  inAuence  of  funetinnal  aetivity.  This  too  is  moie 
easily  studied  in  the  cose  of  muscles  than  of  nerves. 

When  a  muscle  within  the  body  is  unused,  it  wastes;  when 
used,  it  (within  certain  limits)  grows.  Both  these  facts  shew  that 
the  nutrition  of  a  muscle  is  favourably  all'ecled  by  its  functional 
activity.  Fart  of  this  may  he  an  indirect  effect  of  the  increased 
blood  supply  which  occurs  wheu  a  muscle  contracts.    When  a 
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going  to  a  muscle  is  stimulated,  the  blood  vessels  of  tha 
muscle  dilate.  Heuce  at  the  time  of  the  coDtrection  more  blood 
flows  through  the  muscle,  and  thi»  increased  flow  continues  for 
•ome  little  white  after  the  contraction  of  the  muscle  has  ceased. 
But,  apart  from  the  bloiid  supply,  it  ia  proljahle  that  the  ex- 
haustion caused  by  n  contratitton  is  immediately  followed  by  a 
•  TSACtioa  favourablo  f)  the  uutrilion  of  the  muscle;  and  this  is  a 
reoson,  possibly  the  chief  reosou,  why  a  muscle  is  iiicruoscd  by  use, 
that  is  to  say,  the  loss  of  substance  and  cnerfjy  caused  by  the  con- 
traction is  subsequently  more  than  made  up  for  by  increased  met- 
abolism during  the  follovring  period  of  rest 

A  muscte,  even  within  the  body,  after  proIon;;ed  action  is 
(at^^oed,  le.  a  stronger  stimulus  is  required  tn  proiluee  the  same 
contraction ;  in  other  words,  its  irritability  may  Iw  lessened  by 
functional  activity.  Whether  fanctionnl  activity  themfore  is  in- 
jurious or  bonelicial  depends  on  it8  amount  in  relation  to  the 
condition  of  the  muscle. 

It  is  worthy  of  mrtice  that  a  motor  nerve  is  far  less  susceptible 
of  being  fatigued  by  artificitil  stimulation  than  is  a  mu.scio;  io 
fact  it  seems  extremely  ditticult  to  tire  a  nf>rve  hy  mere  stimula- 
tion. In  an  animal  poisoned  by  urari  the  si'iatic  nerve  may  be 
stimnlated  continuously  with  powerful  currents  for  even  several 
hoars  and  yet  remain  irritable.  Ho  long  as  the  urari  ia  produo- 
inj!  its  usual  effect,  the  muscles  sheltered  by  it  are  not  thrown 
into  contnictitm  by  the  stimulation  of  the  nerve  and  bo  are  not 
fatigued ;  as  the  effect  of  the  umri  passes  off,  contractions  make 
their  nppeantnoe  in  n'sponse  to  the  stimulHiion  of  the  sciatic 
XUffte,  sliewing  that  this,  in  spite  of  its  having;  been  stimulated 
lor  so  long  a  time,  has  not  l>een  exhausted.  And  other  cx]K!ri- 
nenta  point  to  a  similar  conclusion.  It  would  seem  that  tho 
molecular  procesae^  constituting  a  nervous  impulse  unlike  thase 
constituting  a  muscular  contraction,  are  of  such  a  nature  or  take 
placB  in  such  a  way,  that  after  the  development  of  one  impulaa 
the  substance  of  the  nen-e  fibre  ia  at  once  ready  for  tha  develop- 
ment of  a  second  impulse. 

The  sense  of  fatiguu  of  which,  after  prolonged  or  unusual  oxer* 
tion,  w«  arc  conscious  in  our  own  bodies,  is  probably  of  complex 
orwin,  and  it*  nature,  like  that  of  the  normal  muscular  sense  of 
which  we  shall  have  to  speak  hereafter,  is  at  present  not  thoroughly 
understood.  It  !«e«ms  to  bo  in  the  first  plsre  the  result  of  changi»fl 
in  the  musclea  themselvON.  but  is  jxws  ibly  also  caused  by  chanKef  in 
the  oerrona  apparatus  concerned  in  muscular  action, and  especially 
in  lliosc  parte  of  the  oentrnl  m-rvniis  system  which  are  concerned 
ia  the  production  of  voluntary  impulses.  In  any  cose  it  cannot  be 
taken  as  an  sdettuate  measum  of  the  actual  fatigue  of  the  muscles ; 
for  a  man  who  nnyni  he  is  absolutely  exhauatod  may  under  excite- 
.  meat  perfimn  a  very  lar^  amount  of  work  with  his  alrfjidy  weary 
■  tDuacleB.  The  will  in  fact  rarely  if  ever  calls  forth  the  greatest 
couttactions  of  which  the  muscles  arc  capable. 
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Absolute  (t«iniiorary)  exhauHtion  of  the  muscles,  so  that  tbo 
slrongeat  »tiiuuli  proiiuce  no  coDtraction,  may  be  produced  even 
withiu  the  body  by  artificial  stimulation:  recovery  takes  place 
OQ  reat  Out  of  the  body  absolute  exhnugUon  takes  place  readily. 
Here  also  recovery  may  take  plac«.  Wbether  iu  any  given  case  it 
does  occur  or  not,  is  dct*.-rmiiied  by  the  amount  of  contraction 
causing  the  iixhaustion,  and  by  tlie  previous  condition  of  the 
mu.iclu.  In  all  cases  rfcovery  is  hastened  by  renewal  (natural  or 
artificial)  of  the  blood  stream. 

The  more  rapidly  the  contractions  follow  each  other,  the  less 
the  interval  between  any  two  contractionB,  the  more  rapid  the 
exhaustion.  A  certain  iiunibcr  of  single  induction-shocks  repealed 
rapidly,  say  everj-  second  or  ofteticr.  bring  about  exhaustive  loiw 
of  irritability  more  rapidly  than  the  same  numlwr  of  shocks 
repeated  less  rapidly,  for  instance  ewry  5  or  10  seconds.  Hence 
tetanus  is  a  ready  means  of  producing  exhaustion. 

In  fxhaustcd  muscles  tbii  elasticity  is  much  diminished;  iho 
tired  muscle  returns  Ivss  readily  to  its  natural  length  than  does 
the  fresh  one. 

The  exhaustion  due  to  contraction  may  be  the  result :  —  Either 

of  the  consumption  of  the  store  of  really  contractile   material 

present  iu  the   muscle.      Or  of  the  aucuniuliitiun  in  the  tissue 

.of  the  products  of  the  act  of  contraction.     Or  of  both  of  these 

eauscs. 

The  restorative  iiiHuence  of  rest,  in  the  case  of  a  muscle 
removed  from  tlie  circulation,  may  be  explained  by  supposing  that 
during  the  repose,  either  the  internal  changes  of  the  tissue 
manufncttire  new  explosive  material  out  of  ilic  comparatively  raw 
material  already  present  in  the  fibres,  or  the  directly  hurtful  pro- 
ducts of  the  act  of  contraction  iindergo  ihnnge.'^  by  which  they  are 
converted  into  comjiaratively  inert  bodie*.  A  .stream  of  fresh 
blood  may  oxert  its  restorative  influence  not  only  by  quickening 
the  above  two  events,  but  also  by  carrying  olf  the  immediate  wasKs 
product.'*  while  at  the  same  time  it  brings  new  jaw  material.  It  i* 
not  known  to  what  extent  each  of  these  parls  is  played.  That  the 
products  of  contraction  arc  exhausting;  in  llicir  cflects.  is  shewn  by 
the  facts  that  the  injection  of  a  i!(dution  <if  the  mu-vcle-L-xtnictives 
into  the  vessels  of  a  muscle  pri>duces  exhaustion,  and  that  exhausted 
muscles  are  r<:covered  by  the  simple  injection  of  inert  saline  solu- 
tions into  tlK-ir  blood  vessets.  But  the  m&ttar  has  not  yet  beon 
fully  worked  t>ut. 

One  inipiirtant  element  broughl  by  fresh  blood  is  oxygen.  This, 
as  we  have  seen,  ia  not  necessary  for  the  carrying  out  of  the  actual 
contraction,  and  yet  is  essential  to  the  maintenance  of  irtitability. 
The  oxygen  absorbed  by  the  muscle  apparently  enters  in  some 
peculiar  way  into  the  formation  of  that  complex  explosive  material 
the  decomposition  of  which  in  tho  act  of  contractinti,  iliougli  it 
gives  rise  to  carbonic  acid  and  other  products  of  oxidation,  is  not 
in  itself  a  process  of  direct  osidatiou. 


SEC.  6.    ON   SOME  OTHEB   FORMS  OF  CONTRACTILE 

TISSUE. 


Plain,  Smooth   or    UnstriaUd   Afuscular   Tissue. 

§  82.  This,  in  vertebrates  al  nil  events,  rarely  occurs  in  isolated 
mMMS  or  moscles,  as  doe»  .striated  mu-sciilar  tisane,  but  i<t  uflually 
found  taking  part  in  the  .structure  o!  complex  organs,  such  for 
instance  a.<)  the  inte-ttinea ;  hence  the  investigation  otils  properties 
19  beset  with  inany  difficulties. 

§  83.  So  tstt  as  wo  know  plain  inuacular  tissue  in  its  chemical 
teatares  leseuiblcs  <itriat<:d  muscular  tissue.  It  contains  albumin, 
amnt tortOKoi  ^lubuhn.ainl  imlecutk-iits  of  myosin  which  upuu  the 
death  of  the  (ibrvs  become  tnyosiii;  for  plain  mu.<(ciilai-  ti.ssiie  after 
death  liecmaes  rif^id,  Lusing  its  exteii.stbility  and  probably  becoming 
acid,  though  the  acidity  i»  not  so  marked  as  in  striated  muscle. 
Kreatin  has  also  been  found,  a»  wf?ll  as  ••lycogen.  and  indeed  it 
i«euia  prtAablc  that  the  whole  metabolism  of  plain  muRCular 
tissue  is  fundamentally  the  same  as  that  of  the  atrisu-d  muscles. 

§  M.  In  tlii-'ir  gvneral  physiral  features  plain  muscular  fibres 
■bo  reawmbtu  strialvd  fibres,  nnd  like  them  they  arc  irritable  and 
contnwtile;  whvu  stimul;ited  they  contract.  The  fibres  vary  in 
oatnral  length  in  different  aituatjons.  those  of  tlie  blood  vessels  for 
instance  being  shorter  and  stouter  tliau  those  of  the  intestine ;  but 
in  the  itaiue  situation  the  fibres  may  also  be  found  in  one  of  two 
different  conditions.  In  the  one  case  the  fibres  are  long  and  thin, 
in  tile  other  case  they  are  reduced  in  length,  it  may  be  to  one  half 
or  even  to  one  third,  and  are  correspondingly  thicker,  brooder 
aod  less  pointed  at  the  ends,  their  toul  bulk  remaiuing  unaltered. 
In  tlte  former ca«e  they  are  relaxed  or  elon<;nted.  in  the  latter  case 
they  are  contracted. 

The  facts  of  the  contraction  of  plain  muscular  tissue  may  be 
studied  in  tlie  intestine,  the  mnsculnr  coat  of  which  consists  of  an 
outer  thin  sheet  ooraposeil  i>i  fibres  and  bundles  of  fibres  disposed 
lougitudinnlly  and  of  an  inner  much  thicker  sheet  of  fibres  dbsposed 
circularly ;  in  the  ureter  a  similar  arrangement  of  two  coats  obuin-<<. 

If  a  mechanical  or  electrical  (or  indeed  any  other)  stimulus  be 
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brought  to  hear  on  a  part  of  a'  Tre^h  living  still  warm  intestine  (the 
small  intestine  ia  the  best  to  work  with)  a  circular  contraction  is 
seen  to  take  place  at  the  spot  stimulated  i  the  luteatiue  seems 
nipped  in  ringwiso.  aa  if  tied  round  with  an  invisible  cord ;  and  the 
p«t  80  coustriclod.  prvviously  vascular  and  red,  becomes  pale  and 
bloodless.  The  individual  fibres  of  tho  circular  coat  in  the  region 
stiuiuluted  liave  each  Imjcoiuo  shurler,  ainl  the  total  efiect  of  the 
ehorleiiing  of  the  multitude  of  libres  all  having  the  same  circular 
disposition  Li  to  coustrict  or  narrow  the  lumen  or  tube  of  the  in- 
testine. The  longitudinally  disposed  libres  of  the  outer  longitudinal 
coat  in  a  similar  manner  contract  or  shorten  in  a  lonj^tudinal 
direction,  but  this  coat  being  relatively  much  thinner  than  the 
circular  coat,  the  lonj^itudinal  contraction  is  altogettier  ov«r- 
shaduwed  by  the  circular  coDtraction.  A  similar  mode  of  coulrac- 
tion  is  also  seen  when  the  ureter  is  similarly  stimulated. 

The  contraction  thus  induced  is  preceded  by  a  very  long  latent 
period  and  last-'*  a  very  consiiierable  lime,  in  fact  several  seconds, 
after  which  relaxation  slowly  takes  place.  We  may  say  then  that 
over  the  circularly  dispersed  fibres  of  the  intestine  (or  ureter)  at 
the  spot  in  question  there  has  passed  a  contraction-nave  remarkable 
for  it*  long  latent  period  and  for  iht'  slowness  of  its  development, 
the  wave  being  propagated  from  Bbrcto  libre.  Fntm  the  spot  so 
directly  stimulated,  the  contraction  may  pass  also  as  a  wave  (with 
a  length  of  1  cm.  and  a  velocity  of  from  20  to  ^0  millimelres  a 
second  in  the  ureter),  alone  the  circular  coat  both  upwards  and 
downwards^  The  longitudinal  fibres  at  the  spot  stimulated  are  as 
we  have  said  also  thrown  into  txmtractions  of  altogether  similar 
character. and  a  wave  of  cuntntction  may  thus  ulso  tntvel  longitudi- 
nally along  the  longitudinal  coat  both  upwards  and  downwards. 
It  is  evident  howe^-er  that  the  wave  of  contraction  of  which  we  are 
now  speaking  is  in  one  respect  different  from  tlie  wave  of  contrac- 
tion trealt^  of  in  dealing  with  striated  muscle.  In  the  latter  case 
the  con  traction -wave  is  a  simple  wave  propagated  alon;;  the  in- 
dividtial  fibre  and  starting  from  the  cnii-plate  or.  in  ihe  case  of 
direct  stimulation,  from  the  part  of  the  fibre  first  affected  by  the 
stimulus;  wc  have  no  evidence  that  the  contraction  of  one  fibre 
can  communicate  contraction  to  neighbouring  fibres  or  indeed  in 
any  way  influence  neighbouring  fibres,  tn  the  case  of  the  intestine 
or  ureter,  ttic  wave  is  complex.  I>ein)j  the  sum  of  the  contraction* 
waves  of  several  tibre-s  engi^jed  in  dill'erent  phases  and  is  projiagsied 
from  fibre  to  fibre,  both  in  the  <lire*:tion  of  the  fibres,  as  when  the 
whole  circumference  of  tho  intestine  is  engaged  in  the  contr««ion, 
or  when  the  wave  travels  hmgitudinally  along  the  longitudinal  coat, 
and  also  in  a  direction  at  right  angles  to  the  axe.s  of  the  fibres,  as 
when  the  contractiou-wave  travels  lengthways  along  the  circular 
coat  of  the  intestine,  or  when  it  pnsst^'s  acroas  a  breadth  of  the 
longitudinal  cm  :  that  is  to  say.  (he  changes  leading  to  contraction 
are  communicated  not  onlv  in  a  direct  manner  aeroes  the  cement 
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icubscftnoe  uniting  tbe  fihns  of  a  liiimlU^  but  nUo  in  nn  indirect 
tnaonftr,  probably  by  ni«anti  nf  uerv<:  tibres,  rmm  liiiii<lle  to  hiiiidia 
■cross  the  connective  tiaaiie  between  them.  Moreover,  it  is  obviotis 
that  even  ttie  contraction -wave  which  paHses  along  a  single  un- 
•triated  tibre  diHerH  from  that  pairing  along  a  §triated  libre,  in 
the  Teiy  great  1itti[^b  both  of  its  latent  period  and  of  tlie  duration 
f>f  its  contraction.  Hence,  much  inune  evi-n  than  in  ihu  casv  of  a 
striahtl  niiisclu,  the  whiili;  of  ciich  libiu  must  bv  ucciipivd  by  the 
cuntiuctiou-wavu,  and  indt^'^d  be  iu  uuarly  the  .same  phase  of  the 

[  eontntction  at  the  sutxw.  time. 

Wave#  of  contractioTi  tints  passing  along  the  circular  and  longi- 
tudinfti  coats  of  th»  intestitiu  ooii.><titute  wliat  1.4  called  peristaltic 
action. 

Like  tile  contractions  of  striated  muscle  the  cootrac-tions  of 
plain  muscles  may  be  started  by  stimulation  of  uarvcs  Roing 
to  the  part,  the  nerves  supplying  plain  muscular  ti-'uuc,  running 
for  the  most  part  as  we  have  said  in  the  su-vallvd  sympathetic 

SBteui,  but  being  as  wo  shall  see  ultimately  connecti^d  with 
a  spinal  cord  or  brain.  Her«  however  we  come  ujion  an  ini- 
jmnant  diKtincCion  between  liie  Printed  .^keli'tnl  muscles,  and 
the  plain  majtcle.*  nf  the  vLtcera.  As  a  general  rule  the  skeletal 
muscles  are  thrown  into  contraction  only  by  nervous  impulses 
reaching  them  along  their  nerves;  spontaneous  movements  of 
Uie  skeletal  muscles,  that  is  contractions  arising  out  of  changes 
in  thi?  muscU-s  ihemsolves  aru  extremely  ran.',  and  when  they 
occur  aru  abnormul ;  so-culled  '  cniiups '  for  instance,  which  are 
prolun>j^-d  tutnnic  contractions  of  skoteUl  lunscles  independent  of 
the  will.tliough  their  oocurreuoe  i-t  largely  due  to  the  condition  of 
the  muscle  itaelf,  generally  the  re.*uli  of  overwork,  are  proliably 
actually  started  by  nervous  impulses  reaching  them  from  without. 
Od  the  other  hand  the  plain  muscles  of  the  visoera,  of  the  intestine, 
uterus  antl  ureter,  for  mstance,  and  of  the  bloixl  vessels  very  fre- 
quently fall  into  contractions  and  so  carrj-  out  movements  of  the 
flrgans  to  which  tlit-y  belong  quite  independently  of  the  central 
oSTvous  systviiL  Thosu  nrg^ms  exhibit '  sgioiitaneous '  movements 
quits  apart  from  the  will,  quite  apart  from  the  central  nen'ous 
system,  and  under  favourable  circumsl«ncc«  continue  to  do  this  for 
some  time  after  they  have  been  entirely  isolated  and  removed  from 
tbe  body.  So  sliglit  indeed  is  the  connection  hetwi^n  the  move- 
neiita  of  organs  and  parts  supplied  with  plain  muscular  fibres,  and 
the  will,  that  these  muscular  fibres  have  sometimes  been  called 
iuvoluutarj-  muscles;  but  this  name  is  undesirable  since  some 
muscles  consisting  entirely  of  plain  muscular  fibres  {e.  g.  the  ciliary' 
ronsclca  by  whicli  tiie  eye  is  occommodstad  for  viewing  objects  at 
different  distances)  are  diroctly  under  the  influence  of  the  will, 
and  some  muscles  i-omposcd  of  stTiat«d  fibres  (r.  g.  those  of  the 
hnirt)  are  wholly  removed  from  tlie  influence  of  the  will. 
We  sliall  Itest  study  however  the  factA  relating  to  the  move- 
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rneiiti  of  partR  provided  with  plain  muscular  fibres  when  we  come 
to  consider  the  parts  themselves. 

Like  the  skeletal  niuscles,  whose  nifrvous  t'lements  have  been 
rendered  fimctioually  incapable  (§  73),  plain  muscles  are  much 
more  sensitive  to  the  making  and  bri;akin<;  uf  a  cuustimt  current 
than  to  iiiduclioii  shocks;  a  curreut,  when  very  brief,  like  that  of 
an  induclion-.ihiwk,  prodiicea  little  or  un  effect. 

Tlie  contraction  of  plain  muscular  fibres  is  as  we  said  very  slow 
in  its  development  and  very  long  in  its  duration,  even  when  started 
by  a  momentary  stimulus,  such  as  a  single  indiiction-shnck.  Tlie 
contraction  after  a  stimulation  often  lasw  so  long  as  to  raise  the 
queatioD,  whether  what  has  been  produced  is  not  a  single  contrac- 
tion hut  a  tctiiuus.  Tcianns,  however,  that  is  the  fusion  oi  a  series 
of  contractions,  seems  to  be  of  rare  occtirrence,  thoufjh  probably  it 
may  he  induced,  in  plain  muscular  tissue ;  but  some  uf  the  ends 
of  tetanus  are  gained  by  a  kind  of  conlraulion  which,  not  prom- 
inent in  skeletal  muscle,  become^t  of  grvnt  importance  in  plain 
muscular  tissue,  by  a  kind  of  contraction  called  a  timin  ciui traction. 
The  subject  is  one  not  without  ditlicnlties,  but  it  would  appear  that 
a  plaiu  muscular  fibre  may  remain  for  a  very  considerable  time  in 
a  state  of  contraction,  the  amount  uf  shortening  thus  maintained 
being  cither  sniiil!  or  great:  it  is  tlien  said  to  be  iu  a  state  of 
tonic  contraction.  This  is  csjKVially  set-n  in  the  case  of  the  plain 
muscular  tL-isue  of  the  arteries,  and  we  shall  have  to  return  to  this 
matter  in  dealing  with  the  circulation. 

The  nmscular  tissue  which  enters  into  the  construction  of  the 
heart  is  of  a  peculiar  nature,  being  on  the  one  hand  striated,  and 
on  the  other  in  some  respects  similar  to  plaiu  muscular  tissue,  but 
this  we  shall  consider  in  dealing  with  the  heart  itself. 


Ciliari/   Movement. 

Si  85-  Nearly  all  tlie  movements  of  the  btwly  which  are  not  due 
to  pliysical  causes,  such  as  gravity,  the  dill'usion  of  lii^uids  &c,.  are 
earrietl  out  by  muscles,  either  striated  or  plain  ;  hut  some  small 
and  yet  important  effects  in  the  way  of  movement  art-  produced 
by  the  action  of  cilia,  and  by  lliowo  chanj^es  of  form  which  are 
called  amoeboid.  Cilia  are  {generally  appendages  of  epithelial 
cells. 

g  86.  Ciliary  action,  in  the  form  in  which  it  ia  most  common 
in  mammals  and  Indeed  vertebrates,  consists  in  the  cilium  (i.  e.  the 
tapering  filament  spoken  of  above)  being  at  one  moment  straight 
or  vertical,  at  the  next  moment  being  bent  down  suddenly  into  a 
hook  or  sickle  form,  and  then  more  slowly  returning  to  the  straight 
erect  position.  Wlieti  tlio  ctlia  are  vigorous,  this  double  mm-e- 
meiit  is  repeated  with  very  threat  rapidity,  so  rapidly  that  the 
individual  movement*  cannot  bo  seen ;  it  is  only  when,  by  reason 
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of  fal^n«,  the  action  becomp.i  slow  that  the  iimvement  it^lE  can 
be  seen ;  what  is  seen  otherwise  in  simply  the  effect  of  tlie 
movement  The  movements  when  slow  have  been  counted  at 
about  eight  (double  movemeiit£j  in  a  second  i  probably  when 
vigoiTKu  they  are  repeated  from  twelve  to  twenty  times  a  sccuntk 

The  Sezioa  takes  plac«  in  one  iliructiuu  only,  mid  all  the  cilia 
o(  eaoh  cell,  and  indeed  of  all  ihv  odls  of  the  ^tame  epithelium 
move  in  the  snmo  direi^tion.  Moreover  the  same  direction  is 
mainUiued  during  the  whole  Ufe  of  the  epilheliuni ;  thus  the  cilia 
of  the  epithelium  of  the  trachea  and  bronchial  passages  move 
during  the  whole  of  life  in  such  a  way  a»  to  drive  the  tluid  lying 
upon  them  upwards  towards  the  mouth ;  so  far  aa  we  know  in 
reitebrates.orat  least  in  mammals,  the  direction  is  not  and  cunuot 
by  any  menus  b<!  reversed. 

Tho  flexion  is  very  rapid  hut  the  return  lu  the  erect  position 
ia  much  slowi-r;  benoe  the  total  effect  of  th<;  blow,  supposing  the 
cilium  and  the  cell  to  bo  tixed,  is  to  drive  the  thin  layer  of  fluid  in 
which  the  oilium  is  working,  and  which  always  exists  o^'er  the 
epithelium,  and  any  particles  which  may  he  floating  in  that  fluid, 
in  the  same  direction  as  that  in  which  tho  blow  is  given.  If  the 
cell  bo  not  attached  but  floiitins  free  tho  effect  of  the  blow  may 
be  to  ilrivo  the  cell  itself  backward  ;  aud  when  perfectly  fresh 
ciliated  epithelium  is  teased  out  and  cxumined  in  an  inert  tluid 
such  aa  normal  salioo  solution,  isolated  cells  or  small  <;roups  of 
cells  may  be  :<«ea  rowing  themselves  about  as  it  were  by  the 
action  of  their  cilia. 

All  the  cilia  of  a  cell  move,  as  we  have  just  said,  I'u  the  same 
diKction,  hut  not  ouite  at  the  same  time.  If  we  cjill  the  side  of 
the  cell  towards  which  the  cilia  Wnd  the  front  of  the  cell  and  the 
opposite  side  the  back,  the  cilia  at  the  back  move  a  triHe  tefore 
those  at  tlie  front  so  that  the  movement  runs  over  the  cell  in  the 
dtre<;tion  of  tho  movement  it«clf.  Similarly,  taking  any  one  cell, 
Uie  cilia  of  t}>o  octls  behind  it  uiovu  slij^hlly  before,  ana  the  cilia 
of  tlie  celU  in  front  of  it  slightly  after,  its  own  cilia  move.  Hence 
in  this  way  along  a  whole  stretch  of  epithelium  the  movement  or 
lien<Iing  of  the  cilia  sweejw  over  the  suriaco  in  ripples  or  waves. 
very  much  as,  when  the  wind  blows,  similar  waveit  of  bending 
sweep  over  a  field  of  com  or  tall  gra^t.  liy  this  arrangement  the 
efiScacy  of  the  movement  ia  secured,  and  a  steady  stream  of  fluid 
carrying  particlra  is  driven  over  the  surface  in  a  uniform  continued 
directitw ;  it  the  cilia  of  separate  cells,  and  still  more  if  the 
separate  dlia  of  ejt>;li  coll,  moved  indejiendently  of  the  others,  all 
that  would  be  pT'iduoed  would  be  a  wrie-<i  of  minute  '  woKhk-s.'  o( 
as  little  use  for  driving  the  fluid  definitely  onwards  as  the  efforts 
of  a  boat's  crew  all  rowing  out  of  time  are  for  propelling  the  boaL 

Svift  bending  and  slower  straightening  Ls  the  form  of  ciliary 
movement  generally  met  with  in  the  ciliated  epithelium  of  mam* 
mals  and  indeed  of  vertebrates ;  but  among  tho  invertebrates  we 
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fiud  other  IciDds  rif  iu(ivttneiit,Huch  as  a  to  aii<i  fro  movement, 
equally  rapid  in  both  directioiisi,  a  cork-screw  movemeot,  a  sitiiplc 
undulatorj'  luovement,  and  Dianj*  othcrft.  In  each  case  the  kind  of 
movement  seems  adapted  to  secure  a  special  end.  Thus  even  in 
the  mammal  while  the  one-aided  blow  of  the  cilia  of  the  epithelial 
cells  securcis  a  flow  of  fluid  over  the  epithelium,  the  tail  of  the 
speruiutoKouu,  which  is  practically  a  single  cilium.  by  moving  to 
and  fro  in  an  uudiilatory  ftishion  drives  the  head  of  the  sperma- 
luzoou  onward.s  in  a  stnught  line,  like  u  boat  driven  by  a  single 
oar  worked  at  the  ^lerii. 

Why  and  exactly  how  the  ciliuw  of  the  epithelial  cell*  bends 
swiftly  and  Rtrai^hteuH  slowly,  always  acting  in  the  same  direction, 
is  a  problem  dillit'utt  at  presenl  Id  answer  fully.  Some  have  thought 
that  the  body  of  the  cell  Li  contractile,  or  contains  contractile 
mechiuii^ms  pulling  upon  the  cilia,  which  are  tbua  simple  passi«'e 
pu]>pets  in  the  hands  of  the  cells.  But  there  is  no  satiBiactoiy 
cviduiiiu-  for  Kuch  a  view.  On  the  whole  the  evidence  is  in  favour 
of  the  vittw  that  the  action  is  ctirried  uut  by  the  clliuni  it«vlf,  that 
the  bending  It  a  conlracumi  of  the  cilium.  and  that  the  straiglit- 
eamg  corresponds  to  the  ndasalion  of  a  muscular  libre.  But  ewa 
then  the  exact  manner  in  which  the  contraction  bends  and  the 
relaxation  straightens  the  lilament  is  not  fully  explained.  We 
have  no  positive  evidence  that  a  longitudinal  half,  the  inside  we 
might  aay,  of  the  filament  is  contractile,  and  the  other  half,  tlie 
outside,  elastic,  a  supposition  which  hns  been  made  to  explain  the 
bi-nding  and  straightening.  In  fad  nu  adi;quaU.-  explanation  of 
the  matter  has  as  yel  lieen  given,  and  it  is  really  only  on  general 
grounds  wo  condtidi:  that  the  action  is  an  effect  of  contractility. 

In  the  vertebrate  aniuinl,  cilia  are,  so  far  as  we  know,  wholly 
iiidependi-nt  of  the  uervuus  system,  and  their  movement  is  prob- 
ably ceaseless.  In  snch  animals  however  as  Infusoria,  Ilydrozoa. 
Ac  the  movements  in  a  ciliary  tract  may  often  be  seen  to  stop  and 
to  go  on  again,  to  he  now  fast  now  alow,  according  to  the  needs 
of  tJie  economy,  and.  as  it  almost  seems,  accordius  to  the  will  of 
the  creature ;  indei-d  in  some  of  thoso  animals  the  ciliary  move- 
ments are  clearly  under  the  iuflucucc  of  the  nervous  system. 

Observations  with  galvanic  currents,  constant  and  int«rnipt«d. 
have  not  led  to  any  satisfactory  naults.  and,  so  far  ns  we  know  at 
pn'j*enl,  ciliary  actttui  is  most  affected  by  changes  of  temperaitice 
and  chemical  media.  Muileratt!  heal  quickens  the  movements,  tut 
a  rise  of  temperature  tieyond  a  certain  limit  (about  40''C.  in  the  caw 
of  the  pharyngeal  membrane  of  the  frog)  becomes  injurious;  cold 
retards.  \  cry  dilute  alkalis  are  favourable,  acids  are  injurioua 
An  excess  of  carbonic  acid  or  an  absence  of  oxy^^cn  diminishes  or 
arre.sts  the  movumimts.  uitliur  temporarily  or  jiormanently,  accord- 
ing to  the  length  of  the  exposure.  Chluiufxrm  or  ether  in  slight 
dosea  diminishes  or  su.tpends  the  action  temporarily,  in  excess 
kills  and  disorganises  the  cells. 
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Amaboid  Movemtnls. 

§  87.  The  white  blood  corpuscles,  as  we  ha.ve  said  (§  28),  are 
able  of  themselves  to  change  their  form  and  b;  repentt^d  cliauges 
of  form  to  move  from  place  to  place.  Such  moveiueut»  of  tiie 
sttbstance  of  the  corpuscles  ttre  callod  amoebuid.  fince  they  closely 
resemble  and  appear  to  be  idt-utical  in  nalure  with  the  movemenu 
executed  by  the  amaiha  utid  similar  Dr^^uDLsins.  The  luovetDsnt 
of  the  viidoplasm  of  the  vegetable  cell  sevuis  also  to  bo  of  the 
same  kiini. 

The  ainoebft  changes  its  form  (and  .ihifts  its  plact?)  hy  throw- 
ing out  projections  of  its  .lubstance,  called  pseudopixlia,  whidi 
may  be  blunt  and  short,  broad  bulgings  as  it  were,  or  may  be  tw 
long  and  thin  as  to  be  mere  filaments,  or  may  he  of  an  intermedi- 
ate character.  As  we  watch  the  outline  of  the  hyiiline  ectosarc 
we  may  see  a  paeudopodium  beginning  by  n  slight  bulging  of  the 
outline;  the  bulging  in[;ri-a!^es  by  tlit'  neighbouring  purtiuiiH  of 
the  ectosarc  moving  into  it,  tin-  movement  under  the  niicrosc»[ie 
reuiiuding  one  of  the  flowing  of  lucltt^  jilaxs.  As  the  pseudo- 
podium  grows  lai^ger  and  engagus  tho  whole  thickness  of  the 
ectosarc  at  the  spot,  the  granules  of  the  eiiilosarc  may  be  seen 
streaming  into  it  forming  a  core  of  endosarc  in  the  middle  of  I  he 
bulging  of  ectosarc.  The  pseudopodium  may  continue  to  grow 
larger  and  larger  at  the  expense  of  the  rest  of  the  body,  and 
eveatually  the  whole  of  the  amteba  including  the  nucleus  may  as 
it  were  have  passed  into  the  pseudopodium ;  the  body  of  the 
amceba  will  now  occupy  the  place  of  the  pseudopodium  instead  of 
iu  old  place ;  in  other  words  it  will  in  changing  its  form  have  also 
changed  i(«  place. 

During  aJl  these  movements,  and  during  all  similar  aniiBhnid 
movements,  the  bulk  of  the  organi.ini  will,  .to  far  as  can  l>e 
ascertained,  have  remained  unchanged ;  the  throwing  out  a  ]iseu- 
dopodium  in  one  direction  is  accompanied  by  a  corresponding 
retiactioo  of  the  btxly  in  other  directions ;  if  as  sometimes  happens 
Um  OfgMiism  throws  out  pseudopodia  in  various  directions  at  tho 
ttaat  time,  the  main  IkmIv  from  whiili  the  pseudopudia  project  is 
redpoed  in  ihickm-^s ;  from  being  a  spherical  lump  for  instance  it 
becomes  a  brancbttd  lilin.  The  ninvement  i.«  brought  about  not 
by  increase  or  decrease  of  substance  but  by  mere  translocation  nf 
parttclea;  a  particle  wliich  at  one  moment  was  in  one  position 
moves  into  a  new  position,  several  particles  thus  moving  towards 
the  aune  point  cause  a  bulging  at  that  point,  and  several  particlvs 
morii^  away  from  the  same  point  cause  a  retraction  at  that 
point;  but  no  two  piaTtidt.'.-i  get  nearer  to  each  other  so  aa  to 
occupy  togethiT  less  space  and  thtis  leiul  to  condensation  of  sub- 
stance, or  get  farther  from  each  other  so  as  to  occupy  more  space 
and  thus  lead  to  increase  of  bulk. 
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Tn  this  respect,  in  that  there  is  no  change  ot  bulk,  but  only  a 
Bhiftiiig  of  parliclijs  in  their  relative  poKiiiuti  to  each  uther,  the 
aniouboid  iiiuvtinit.uit  n-sumblcs  ii  muscular  cimlructiun;  Imt  in 
cihi;r  respects  llii;  two  kinds,  of  iiiovt-niL-ul  seoin  ilifTerent,  and 
the  (itipslion  arise-'*,  have  we  (!»'  right  tn  .speak  of  the  sulji'lauce 
which  can  only  exectitfi  aniarhoiil  movements  as  lieing  cimtradilft 
yia  may,  if  we  admit  that  contractility  is  at  bottom  simply  the 
power  of  shifLiu^  the  relative  position  of  particles,  and  that 
muscular  contraction  is  u  Bpcciali/ed  form  of  contraction,  the 
shifting!  of  panicles  is  spiecialized  in  the  sense  that  it  has  always 
a  delinito  rclntiun  to  the  Iwij;  a\is  of  the  lihre. 

Th«  prolopla.*ui  of  the  auii^ehii  or  of  a  white  cr>rpu8clc  is,  as  we 
have  said,  of  u  consistency  which  wc  for  want  of  better  terms  calt 
senki-solid  or  semi-fluid.  Coii8et)uently  when  no  internal  changes 
are  prompting  its  particles  to  move  in  this  or  that  direction,  the 
influences  of  the  surroundings  will  tend  to  give  the  body,  as  they 
will  other  fluid  or  aemi-lhiid  drops,  a  spherical  form.  Hence  the 
natural  form  of  the  white  corjmscle  is  more  or  less  sphericai  It 
under  the  intluence  of  some  stimulus  internal  or  external,  some 
of  the  jmrticlos  are  stirred  to  shift  their  place,  aina-boid  move- 
luenU  f(dlow,  and  Uk-  upherical  form  is  lost.  If  however  all  the 
panicles  were  stirred  to  move  witli  oipial  energy,  they  wimhl 
ncnlralij»  each  other's  actinn,  no  pitil  ni.tion  or  rt;ti*a«tioii  would 
take  place  at  any  point  of  the  surface  and  the  body  would  remain 
a  sphere.  Hence  in  extreme  stimulation,  in  what  in  the  muscle 
corresponds  to  complete  tetanus,  the  form  of  the  body  is  the  same 
aa  in  rest;  and  the  tetanizvd  sphere  would  not  be  apprccliibly 
smaller  than  llie  ttphorv  at  rest,  for  that  would  imply  chaugc  of 
bulk,  but  this  n*  we  have  .seen  does  not  take  place-  This  result 
shews  strikingly  the  difference  between  the  general  contractility 
of  tlie  amoeba,  and  the  special  contractility  of  tlie  muscle. 


CHAPTER  m. 


ON  THE  MOUK  GENERAL  FEATURES  OF  NERVOUS 

TISSUES. 


§  69.  in  tho  preceding  chftptur  wc  have  dealt  with  the  pro> 
pertivs  of  nerves  goiug  Lo  muscles,  the  uerves  which  we  called 
nwfor.and  have  iucidentall}'  spoken  of  other  uerrea  which  we  called 
tentory.  Roth  thene  kinds  of  nerveji  are  couiiected  with  the  brain 
And  spinal  cont  and  fonn  part  of  the  General  Nervous  System. 
We  shall  have  to  study  hereafter  in  detail  the  brain  and  spinal  cord ; 
but  the  nervous  system  intervenes  so  repeatedly  in  the  processes 
carried  out  by  other  tissuex  that  it  will  be  desirable,  before  pro- 
ceeding farther,  to  discuss  some  of  \\x  mure  general  fffttures. 

The  Nervous  System  consists  (1)  of  the  Brain  and  SpiiuU  Cord 
fortniug  together  the  certhr^ifinnal  nxi»,  or  caitral  turrous  sygtem  ; 
(2)  of  the  turvfi  pus-ting  from  that  axis  to  nearly  all  parts  of  the 
btHJy.tliose  which  are  connected  with  the  spinal  cord  being  called 
Mpinal,  and  those  whicii  are  connected  with  the  brain,  within  tlie 
cranium,  being  called  cranial;  and  {3)  of  gani/tia  distributed  along 
the  ner\'es  in  various  parts  of  the  body. 

The  spinal  cord  obviously  consi&ts  of  a  number  of  segments  or 
metameres,  following  in  snccession  along  its  axis,  each  roetamere 
giving  off  on  each  side  a  pair  of  spinal  nerves;  and  a  similar 
division  into  metameres  may  bo  traced  in  the  brain,  though  less 
distinctly,  since  th«  cranial  uerves  are  arranged  in  manner  some- 
what diflerent  from  that  of  the  spinal  nerves.  Wc  may  take  a 
single  spinal  metamere,  represented  diagram  mat  jcally  in  Fig,  24, 
as  illufltraUDg  Uie  general  features  of  the  nervous  system ;  and 
since  the  half  on  one  side  of  the  median  line  reseniblt^t  the  half 
on  the  other  side,  we  may  deal  with  one  lateral  half  only. 

Each  spinal  nerve  arises  by  two  roots.  The  metamere  of  the 
oealiml  aerrous  sjstviu  C  consists,  as  we  shall  hereafter  see,  of  grey 
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Vta.  S4.    SCHBHB  or  thk  Nbbtu  or  *  SsaifaiiT  or  the  Spinal  Cobd. 

Grgicf.  tfwhitemMtrrof  npinmlroid.  ^  uitprior.  P  pmcerioriooL  6'niiKlioii 
on  the  posterior  root.  .V  whole  nprrp,  .V  apinnl  nertp  proper,  poding  in  .l/skeletal 
or  Mnnatic  muacle,  5  somatic  eeniiorr  rpll  or  eurfnn'.  A  in  other  vavi.  )'i-iscer«l 
Derre  (white  rmmiu  communlruis)  nunint;  to  a  fituifilion  of  the  STrnpalhetic  chaio 
X.  and  paiaing  on  ae  ("  to  snppiT  the  niorp  ilintaiit  f^nglion  r.  llien  ag  V"  to  thtt 
peripheral  nnRl'OQ  ""  *^^  riiaiDK  in  ■•  iplanrhnii-  iiidik1«.  i  splancboic  eenBory 
cell  or  inr&e.  t  other  poeaihie  uplaochnir  pnilin^ 

From  3  ia  given  oS  the  rerehmt  nerve  r.  >  (kt*t  »mtu  commnnieKni),  which 
pHt)7  piwni  b»uwud  tomrda  the  apiuJ  coitl,  and  putlr  roni  aa  c.  m,  in  connection 
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with  lb*  tftati  B*rv«^  u>  »u)iply  vmnamiMtr  (r-niialTirlor)  fibna  to  th«  miuclea  (r')  «I 
tllMid  TMwll  in  oaruiii  |iiuu.  fur  luaiiipli',  in  111"  tiiiilw. 

Sf.  ibo  )>vm[iatl>i'ii>'  I'liiilii  milling  ili>'  C'l'i:''"  "'  I'lH  wriM  X  Tha  tdriiunntiona 
of  tli«  <i(ho(  Dorrra  oritiiiig  (mm  2,  v.  ir*  ant  itoi  (.linn  n, 

'11mi  flffnra  w  ncccauu'ily  icbomailc,  ami  muat  not  1>«  t*.k«n  ti>  abew  that  the 
riKaral  bnuuli  join*  onlv  tbo  ^nglicu  bcluiigitiK  to  tlitt  miiio  iwjfinoul  a*  tfa«  gpinul 
nam:  iIm  (wrnU  brunch  joiiu  the  iiiiiiiftthDtic  rkain,  paMliiN;  to  othnr  KHuiclis 
iatUm  th*  one  o(  tbe  umc  Hginont,  indectl  iu  main  cmm  doa*  not  join  tlii*  ni  alL 

matter  Or  in  the  interior,  and  white  matter  IV  on  the  outside, 
from  the  anterior  part  of  gr«y  mntler  is  given  off  the  anterior 
nerve  root  A,  and  from  tlie  posterior  part  thu  posterior  ner^■e 
root  P.  Tho  latter  passes  into  a  swulliiiK  or  ganglion  G,  "the 
ganglion  of  the  posterior  root."  or  moro  shortly  "  thu  spinal  gan- 
glion ; "  the  anterior  rixjt  <toe«  not  pass  into  thisgun^^Iion.  Bi-yond 
the  ganglion  the  roots  join  to  form  the  nerve  tnmk  Jf.  We  shnll 
later  on  give  the  evidenoe  that  the  ner\'e  Hbrei!  compastng  the 
poetcrior  root  P  are  exclusively  (or  nearly  so),  occupied  in  carry- 
ing nt^vuus  inipiiWs  from  tbe  ti^ues  of  the  hody  to  the  central 
iiervous  system,  and  that  the  fibitsa  composing  the  anterior  r<^nil  A 
are  similarly  occupied  in  carrying  irapulseH  from  the  central  ner- 
vous system  to  the  sevcml  tissues ;  Ihiit  is  to  say  the  former  is 
made  up  of  setuori/  Hbres,  or,  (since  the  impulses  i>assing  along 
them  to  the  ceatial  system  may  give  rise  to  elTects  oliter  thiin 
senaatktns}  afferent  Bbres.  while  the  latter  is  made  up  of  motor. 
<M.  fsinou  the  impulses  passing  along  them  from  the  central  ner- 
vous system  may  produce  effects  other  than  raovenienta)  efftrtnt 
fibre*.  The  nerve  trunk  N  is  consequently  a  mixtd  nerve  com- 
piMed  of  afferent  imd  cffuriMit  fihrus. 

By  far  the  gT«at«r  part  of  this  mixed  nerve,  dividing  into 
various  branches,  is  distributed  (jV)  to  the  skin  and  the  skeletal 
muscles,  some  of  the  tibrea  (motor)  ending  in  muscular  tibres  {M). 
others  (seosorj-)  ending  in  epithelial  cells  {S)  connected  with  the 
akin,  which  we  shall  consider  hereafter  under  the  name  of  scn- 
totj  epithelial  cells,  while  othurs,  JC,  after  dividing  into  minnte 
branches  and  forming  plexuses  end,  in  ways  uot  yet  deRnitely 
determined,  in  tissues  associated  with  the  skin  orskeletal  muscles. 
]kI<>rphol"giHt^  di»tingutsh  the  partA  which  go  to  form  the  skin, 
skeli;tAl  muscles,  ix.  as  nofnatie,  from  the  tplancknic  pariA  which 
go  to  form  the  visoera.  We  may  accordingly  call  this  main  part 
of  tha  spinal  nerve  the  aomatu;  division  of  tbe  nerve. 

Soon  after  the  mixed  nerve  N  leAves  the  spinal  canal  it 
gives  off  a  branch  V,  which  under  the  name  of  (white)  ramtu 
communieaiu,  runs  into  the  longitudinal  series  of  ganglia  (£) 
oonspicuons  in  the  thorax  ns  the  main  gimp"th(tie  chain.  This 
branch  is  destined  to  supply  the  visci-ra,  nnd  uiigbt,  therefore,  be 
called  the  t^anehnie  division  of  the  spinal  nerve.  We  may  say 
at  once,  without  entering  into  details,  that  the  whole  of  tbe 
symputhetic  system  with  it«  ganglia,  plexuses  and  nerves  is  to 
\ie  n^gardcd  as  a  developntent  or  exjuinsion  of  the  visceral  or 
splanchnic  divisions  of  certain  spinal  ner%-es.     By  means  of  this 
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8y!)t«m  splBQchnic  fibres  from  tlio  CtiDlrnl  iiervoiw  system  Brc 
ilUtribuled  to  the  tissues  uf  thu  viscera,  some  of  them  on  llietr 
way  passing  through  secondary  ganglia  <r,  ami,  it  may  lie,  tertiary 
ganglia.  The  majority  of  these  splaucliniu  tibres  seem  t«)  be  efier- 
eni  in  nature,  cairyiiig  inipuUe»  from  the  central  nervoun  syHt«m 
to  the  tissue?:,  some  euihng  in  plain  miiscitlar  libres  (m)  others  in 
other  ways  (x) ;  hut  some  of  the  tibrea  are  ali'erent  (s)  and  con- 
vey jiupulses  from  the  \iscera  to  the  central  nervous  Hvstem,  and 
it  ii  possible  that  some  of  theae  begin  or  end  in  epithelial  cells  of 
the  viscera. 

AH  the  fibres  issuing  from  the  main  sympathetic  cham  do  not 
however  pass  to  the  tissues  of  tlie  viscera;  a  cvrtaiu  ntimlM^r  of 
fibrcf  turn  back  (r.  v.)  from  the  ganglion  to  join  the  »pinal  nerve 
and  run  for  the  most  pan  (mripherally  in  the  Rouiatic  nene,  though 
soma  of  thvm  piiss  limkivards  to  the  spinal  cord,  eiidin;;  probably 
in  thi^  menihraiie^  of  tlic  curd.  In  the  case  of  many  of  the  spinal 
nerves  the  communicating  branch  from  the  Hpinal  nerve  consist* 
distinctly  of  two  parts,  a  •  white  ramus '  consisting  chiefly  of 
mednllated  and  a  'grey  ramus'  consisting  chiefly  of  non-mcdul- 
latetl  fibres;  in  these  caaes  these  backward  turning  'rovchent' 
tibres  run  iu  the  grey  ramus ;  but  iu  the  case  of  some  of  the  ^]>itial 
nervois  it  is  not  possible  to  distinjpii^h  a  grey  ramus  ^eimate  from 
u  white  mmiis. 

We  shall  have  occasion  in  the  next  chapter  to  speak  of 
nerves  or  rather  nerve  fibre*  which  by  influencing  the  mus- 
cles of  the  blood  vessels  govern  the  calibre  of  those  vessels  and 
are  spoken  of  as  v<uo-molor  nerves,  ^me  of  these,  in  their 
action,  constrict  or  narrow  the  blood  vessels,  and  are  hence  called 
vato-wnairictor  nerve  tihre*  AH  these  vaso-constrictor  nerve 
fibres  issuing  from  the  iMnlral  nervous  system  pass  to  the  splanch- 
nic system,  to  the  sympathetic  chain ;  but  while  some  of  them, 
continuing  in  the  splanchnic  system,  are  distributed  to  the  blood 
vessels  of  the  viscera,  others  turning  back  by  revehent  branches 
and  running  with  ordinwy  somatic  fibres  in  the  (somatic)  spinal 
nerves  are  distributed  to  the  blood  vessels  certainly  of  the  skin 
and  possibly  i>t  other  somatic  tissues.  These  are  represented 
in  the  figure  by  m'.  As  w«  shall  soc,  other  nerve  fibres,  having 
other  functions,  take  a  similar  course. 

A  nerve  fibre  is  fundamentally  a  prolongation  of  a  nerve  cell ; 
the  axis  cylinder  which  is  the  essential  part  of  a  medullated  fibre, 
and  constitutes  practically  tlie  whole  of  a  noii-ineduUat«d  fibre,  is 
the  prolongation  of  a  process,  the  so-called  axis  cylinder  process  of 
a  nerv«  oeU.  When  wo  examine  a  nen-e  we  find  that  along  its 
course  it  consists  excUisivdy  of  nerve  fibres  bound  together  by 
connective  tissue  carrying  bliNxl  vessels  and  lymphatics,  tlie  somatic 
(spiual  and  cranial)  nerves  being  <-om]>osed  chiefly  of  medullated 
fibres,  mixed  with  which  are  some  uon-meduUated  fibres,  and 
the  sympathetic  iier%'e9  being  compa^teit  chiefly  of  non-medullaled 
fibres,  some  of  them   containing  hardly  any  mednllated  fibresL 
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Nerve  cells  are  not  normal  constituents  nf  nervvx ;  tlivy  iltb  found 
cmly  in  tlie  central  Dttrv'oiis  sjstera,  from  which  the  nt-rvi^s  issue, 
or  iti  the  g«u(;liu.  spiual  und  sympatlielic  ganglia,  through  which 
tlicy  ptts«  or  with  which  they  make  connections;  (we  may  omit 
for  the  iitttMint  Uio  ucrvc  wll«  in  which,  or  in  connection  wilh 
which  certain  nerve  filtres  end  al  tlie  [icriphcry).  Hence  all  llie 
neni-e  fibres  of  tlii!  body  are  iirocejsaeit  of  none  cells  situated  in 
the  central  nervous  system,  or  in  the  spinal  ^nglia  and  corre- 
qionding  ganglia  oo  certain  cranial  nerves,  or  m  8yni]iathetic 
ganglia. 

§  89.  In  the  central  nervou.s  system,  the  nerve  cells  otb 
found  iu  the  so  called  'grey  matter.'  The  '  while  matter,'  putting 
aside  certain  uxceptioiis,  cousisU  so  far  as  lis  nervous  element* 
are  Ctinccnied  exclusively*  of  nerve  filtrea,  ("onlining  ourselves 
f<n-  liie  pnwent  to  the  spiual  cord,  wc  tiud  that  tlie  tihies  of  the 
anterior  nH)t,  elTercnt  fihroi^.  are  pjxKesses  of  cells,  prolongations  of 
the  axis  cylinder  processi-s  of  ccUs.  lying  iu  the  grey  matter  of  the 
spinal  cord,  but  that  the  fibres  of  tlie  poalerior  root  arc  (putting  aside 
cerlain  minor  exceptions)  processes  of  cells  lying  iu  the  ganglion 
of  that  rooL  The  cell  whose  axis  cylinder  process  becomes  an 
efleient  liVire  of  an  anlerior  root  has  other  processes,  which  do  uot 
become  axis  cylinders  of  nerve  fibres  hut  end  by  a  division  more 
or  less  distinctly  arborescent  in  the  grey  matter.  The  fibre  of  a 
posterior  root  whose  ajiia  cylinder  is  a  process  of  a  cell  in  the  spi- 
Da]  ganglion  ninnJng  and  dividing  in  the  spinal  cord,  in  a  manner 
of  whicli  we  shall  have  to  spi^k  later  ou,  finally  ends  in  the  grey 
matter  also  in  a  more  or  les'^  distinctly  arborescent  fashion. 
The  (jrey  matter  also  contains  nerve  cellis  whose  axis  oylind^^^  nnd 
other  processes  both  begin  and  end  in  the  grey  matter;  thai  is  to 
say  tlie  body  of  the  nerve  cell  lies  in  the  grey  matter,  and  all  its 
processes  finally  end.  also  in  a  more  or  less  ilistinctly  arborescent 
fashion,  in  the  grey  matter,  without  leaving  the  spinal  cord  or  at 
leA.-<t  the  centra)  nervous  system,  though  the  fibre  which  its  axis 
cylinder  becomes  (and  there  may  lie  more  than  one  such)  may 
tiaverse  for  a  while  the  white  matter. 

The  grey  matler  of  the  spinal  cord  (and  the  same  is  true 
though  in  a  much  more  complex  way  of  tlie  grey  matter  of  the 
braini  may  therefore  be  considered  as  a  centre  or  a  number  of 
centres,  jurvtm*  erntrtJt,  connected  on  the  one  hand  with  afferent 
and  on  the  other  hand  with  efferent  fibres.  In  some  cases  the 
oonnection  Ixttween  the  afferent  and  the  efferent  fibres  may  be 
simple  nnd  direct :  the  terminations  of  the  nfTerent  fibre  may  come 
into  direct  connection  with  tlio  ner%*e  cell,  a  process  of  which  is 
the  efTi-rent  fibre.  In  other  cases  the  connection  may  l)C  un  indirect 
one  ;  between  the  two  intervenes  a  cell,  with  c^^rlaio  processes  of 
which  the  afferent  fibre  is  connected,  and  nnolher  process  {or  other 
processea)  of  which  is  couucctud  with  the  cell  whose  process  is  the 
efferent  fibre ;  or  more  than  one  such  cell  may  intervene.  And  recent 
inriuir}'  alicws  that  the  usual  mode  of  connection  of  one  cell  with 
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nnotlier  is  that  the  arborescent  terniinationit  of  llie  Axis  cjlindor 
proce.>o  o£  the  one  cell  are  applied  to  thearhnre^centproceioe.*  (not 
of  the  nature  ot  axis  cyliudtT  processes)  of  the  oilier  cell,  in  such  a 
way  that  the  aulwtunccH  of  tliu  two  celU  arc  in  abundant  contact, 
but  not  in  actuid  oonliuuity. 

The  various  niTvims  c«iilri.*s  thus  supplied  by  the  grey  matter 
of  the  spiuul  cord  auil  brain  liuv-e  two  important  classus  of  functions 
called  napeoiivuly  r^jti-x  uctiiiii*  and  a*ttom,iitif.  ariiims. 

^  90-  UejUx  artiniis.  In  a  reflex  action  afferent  impulses 
n.*acliiug  the  nervous  centre  give  rise  to  the  discharge  of  eiVreiit 
impulses,  the  discharge  following  so  rapidly  and  in  such  a  way  as  to 
leave  no  doubt  tliat  it  is  caused  by  the  advent  at  the  centre  of  the 
afferent  iinpatsee.  Thus  a  fros  from  which  the  brain  has  been 
removed  vriiilo  the  rest  of  the  body"  has  bwn  left  intact  will 
frequently  rvmain  quite  motion  let<s  (as  far  nt  I^Mtst  as  the  skeletal 
muscles  are  concerned)  for  an  alinngt  indvtinitv  timo ,  but  if  its 
skin  be  pricked,  or  if  in  other  ways  afferent  impulses  be  j^cuoratvd 
ill  afferent  fibres  by  ailequate  stimulation,  movemenia  of  tlie  limbs 
or  body  will  immediately  follow.  Obviously  in  this  instance  the 
stimulation  of  afferent  fibres  has  been  the  cause  of  the  discharge 
of  impulses  along  ulferoat  fibres. 

Tlw  machinery  involved  in  «nch  a  reflex  act  consists  of  three 
part* :  (1)  the  allerent  flbrea,  (2t  ihu  nerve  centre.  In  this  case  the 
spinal  cord,  and  (^)  the  efferent  tibn^s.  If  any  one  of  these  three 
pait«  be  missing  the  reflex  act  caiuiot  take  place ;  if  for  instance 
the  afferent  nerves  or  the  efferent  nerves  be  cut  across  in  their 
c<>un<«,  or  if  the  centre,  the  spinal  cord,  he  de^troy^d,  the  reflex 
action  cannot  take  place. 

Keflex  actions  can  be  carried  out  by  means  of  the  brain,  as  w» 
shall  sw  white  studying  that  urgun  in  detail,  but  the  beat  and 
clearest  examples  of  reflex  aciinu  are  manifested  by  the  spinal 
oord;  in  fact,  reflex  action  is  one  nf  the  most  important  fanc> 
\AOBis  ot  the  spinal  cord.  We  shall  have  to  study  the  various 
reflex  actions  »f  the  spinal  cord  in  di^tail  hereafter,  tmt  it  nHll  be 
desirable  to  point  out  liere  some  of  tl»eir  jp-neral  featurvs. 

When  wc  stiiuulntv  the  neo-e  of  a  niuscle-nen-e  preparation 
the  result,  though  nu>dift«d  in  ]«trt  by  the  condition  of  the  mtucle 
and  ner^'ft,  whether  fr«sh  and  irritahl«  or  exhausted  for  instance, 
is  directly  dei^ndent  on  lite  nature  and  stiencith  of  the  stimulus. 
If  we  u.'«e  a  single  induction-ahock  we  get  a  simple  oontiactioii.  if 
the  interrupted  current  we  get  a  tetanus,  if  we  use  a  weak  shock 
ire  get  a  slight  contraction,  if  a  strong  shock  a  large  oantracdoo, 
and  so  on  ;  and  throughout  our  study  of  muscular  oontractioiu  ire 
asenmed  that  the  aimmnt  of  cunlraction  might  be  taken  as  a 
measure  of  tb«  magnitu<le  of  the  ner^-ous  impulses  geoerat«d  by 
the  slimulas.  And  it  n««d  hardly  l>o  $aid  that  when  we  stimulate 
certain  fibres  only  of  a  motor  nerve,  it  is  only  the  moscular  fibre* 
in  which  those  nerve  fibres  end,  which  ar«  thrown  into  con- 
tractioB. 
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In  •  reflex  action  on  tlie  other  haad  the  movements  called  forth 
by  the  »am«  stimulus  may  be  in  one  case  insiguiticant.  and  in 
another  violtmt  and  excessive,  the  reault  depending  on  the  arrange- 
uenCa  and  condition  uf  the  central  portion  of  tin:  nf&nx  mechanism. 
Thus  the  mere  contact  of  a  hair  witli  the  mucoiiH  iiiemhrune  lining 
iht-  Urj-nx.  a  ooutuct  which  can  urif^inate  only  the  v«ry  slijjhlest 
allercnt  impulses,  uiuy  call  forUi  a  convulsive  lil  of  cou;;hing,  in 
which  a  very  large  iiumhcr  of  muscles  are  thrown  into  violentcon- 
tiactions ;  wherctts  the  same  contact  of  tlw  hair  with  other  flurfaoes 
of  iIm"  Iwidy  may  pmdiKW  nit  uhvious  effect  at  all.    Similarly,  while 
ill  tliehraiiiless  luitolherwitojiiorinal  frog,  a  sli^jht  touch  on  the  skin 
of  the  flank  will  produce  nothing  but  a  faint  flicker  of  the  under- 
lying muaclea,  t\w  same  touch  on  the  »anje  {lart  of  a  fr>i};  puiiiuucd 
with  strychnia  will  produce  violent  le^itiug  tetanic  contnictiuiis  u( 
nearly  all  tlte  muscles  of  the  body.     Motur  impulses  a>«  we  have 
seen  travel  along  motor  nerves  without  any  great  expenditure  of 
eun^gr  and  pnibahly  without  incrcaHiug  that  oipenditnre  as  Uiey 
proowd;  ami  the  Name  is  appaix'nlty  Mie  l-um;  with  aS'erent  impulaea 
paaaing  along  aflcrent  nerves     When  however  in  a  rctlL-x  action 
•flerent  impulses  reach  ilie  nerve  centre,  a  change  in  the  nature  and 
magnitude  of  the  impulses  takes  place    It  is  not  that  in  the  nerve 
'^^entie  the  afferent  impulses  are  sim])ly  turned  aside  or  rellecttid  into 
efferent  impulses ;  and  lience  the  term  "  reflex  "  action  is  a  had  one. 
It  is  rathej-  that  the  afferent  ini|<uUe>^  act  afresh  as  it  were  as  n 
stimulus  to  the  nerve  centre,  producing  according  to  circumstances 
I  and  conditions  either  a  few  weak  efferent  impulses  or  a  multitude 
of  strong  ones.     The  nerve  centre  nmy  he  regarded  as  a  collection 
lot  explosire  charges  ready  to  he  discliargetl  and  so  to  start  efferent 
lltapalses  along  certain  efferent    nerves,  and    these   charges   are 
[•0  arrangod  and  so  related  to  certain  affetent  nerves,  that  afferent 
ipttlses  renching  the  centre  along  those  nerves  may  in  one  cose 
IdischftTge  a  few  only  of  the  chatgea   and  so  give  rise  to  feehle 
Fninveinents.and  in  another  case  discharge  a  very  large  nnmlierand 
so  give  rise  to  large  and  violent  movements,     lu  a  reflex  action 
then  tlie  namber,  intensity,  character  and  dislrihution  of  theefferent 
impulses,  and  so  the  kind  and  amount  of  movement,  will  depend 
chiefly  on  what  takes  place  in  the  centre,  and  this  will  in  turn 
tdepend  on  tin:  one  hand  on  the  cnulilion  of  the  o^-nint  and,  on 
otJicr,  on  the  special  relBtions  of  the  centre  to  (lie  afferent 
pulses.     At  the  same  time  we  are  able  to  reoognize  in  ma^t 
lex   actions   a   certain   relation    between   the  atrength   of  the 
lulus,  that  is  to  say  the  magnitude  of  the  afferent  impulses, 
'and  the  ext«nt  of  the  movement,  tlial  is  to  say  the  miiguitude 
of  the  efferent  impulses. 

We  may  add.  without  g(»ng  moie  folly  into  tli«  subject  here, 
that  in  moat  reflex  actions  a  tpecial  relation  may  be  observed 
between  tba  part  stimulated  and'tlie  resulting  movement.  In  the 
simplest  cases  of  reflex  action  this  relation  is  merely  of  such  a 
kind  that  tlte  muscles  thrown  into  action  are  those  governed  by  a 
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motor  nerve  wfcich  is  tlie  fellow  of  the  senaory  nerve,  the  stimula- 
tion of  wiiioh  calls  forth  the  movement.  In  the  moro  cumpWx 
reflex  uctiuus  of  the  brainless  frog,  und  in  other  cases,  tlie  rvlatiuu 
is  uf  such  a  kind  ihut  the  rei^ulting  movemi^nt  beitrs  anadaptaiivn 
to  llie  stimulus :  the  fout  is  w-ithJniwu  from  the  stimulus,  or 
the  movement  is  calculated  to  jtiLsh  nr  wi^ie  away  the  stimulus. 
In  other  words  a  certain  purimitt  is  evident  in  the  reflex  action. 

Thus  in  all  cases,  except  ptriiaps  the  very  simplest,  the  move- 
ments called  forth  by  a  retlex  action  are  exceedingly  complex 
compared  with  those  which  roault  from  the  direct  stiumlslion  of  a 
motor  truuk- 

§  91.  Auloinntic  actions.  Etfcrout  impulsL'-s  frequently  issue 
from  the  brain  mid  spinal  cord  and  so  {jive  n.*;  to  niovemwiLs 
witlioiit  iieinj;  obvimisly  precirdi.'d  by  any  .stimulation.  Such  move- 
ments are  spukon  of  m  auUnuatlc  or  spontanenua.  The  efferent 
impulses  in  such  caae.s  are  started  by  changes  in  the  nerve  centra 
which  are  not  the  immediate  result  of  the  arrival  at  the  nerve 
centre  of  all'erent  impulses  from  without,  but  which  appear  to 
arise  in  the  nerve  centre  itself.  Ohanges  of  this  kind  may  recur 
rhythmically  ;  thus,  as  we  shall  sec.  we  have  reason  to  think  that 
in  a  i'(;rtain  piirt  of  the  cuntrEil  nervous  systum  Cidled  lh«  spiniil 
bnih,  or  medulla  oblimgata,  chun^^s  of  the  nervous  material,  re- 
curring  rhythmically,  lend  to  the  rliythmic  discharf^  along  certain 
nerval  of  efferent  impulses  wlitiri'by  muscles  connected  with  the 
chest  are  rhythmically  thrown  into  action  and  a  rhythmically 
rei^ieated  breathing  is  broui^bt  about.  And  other  similar  rhythmic 
automatic  movements  may  be  carried  out  by  various  parts  of  the 
spinal  Cord. 

From  the  brain  itself  a  much  more  varied  and  apparently 
irregular  discharge  of  dferenl  impulses,  not  the  obvious  result  of 
any  immediately  foregoing  afferent  impulses,  and  therefore  not 
forming  part  of  reHex  actions,  is  very  common,  constituting  what 
we  speak  o!  as  volition, efferent  iinpnlses  thus  arising  being  called 
vohtional  or  voluntary  impulses.  The  spinal  cord  apart  from  the 
bmin  does  not  appear  capable  of  executing  tliese  voluntary  move- 
ments ;  but  to  this  subject  we  shall  return  when  we  come  to  speak 
of  the  central  nervous  system  in  detaih 

While  reflex  and  automatic  actions  are  thus  frequently  cairied 
out  by  the  grey  matter  of  the  central  nervous  system,  of  which  gray 
matter  nerve  ctdls  an*  conspicuous  constituents,  it  is  at  least  not 
absolutely  proved  that  either  kind  of  action  is  carried  "Ut  by  the 
other  portions  of  the  nervous  system  in  which  nerve  cells  are 
found. 

As  regards  the  ganglia  on    the    posterior    roots  of  spinal 
nerves  it  can  be  deflnitely  affirmed  that  these  act  neither  as  auto-j 
matio  centres  nor  as  centres  ot  rcfies  action.    The  p<-rv. 
such  a  ganglion  itervi-;  to  govern  tb* 
nerve  fibre  to  which  it  is  attacli 
portion  of  the  libre  which  i 
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^ngUon,  whether  it  be  Um  portion  which  is  pAsring  from 
the  skin  or  other  tisaue  to  the  )^anglion,  or  the  portion  which  is 
passitig  from  the  ganglion  to  the   spinal   cord   as   part   of   the 

['posterior  root,  ilfs-jutrates  and  dies  on  the  side  of  the  cut  away 

f  irom  Ui«  li^glioD.  This,  huwevGr,  is  oot  n  feature  <.^oDlitied  to 
these  spinal  gmugliA;  an  vtferont  6bru  of  th<.-  anterior  root 
similarly  dc^aemtct  when  it  is  cut  nu-ny  from  thv  ncrvu  cell  in 
the  grey  matter,  of  the  axis  cylinder  process  of  which  it  is  ts  we 
have  said  a  prolongation.  Speaking  (general ty,  a  nerve  cell  governs 
the  DUtritioQ  of,  acts  a.<t  a  trophic  cuiitre  as  it  is  called  to,  the 
nerve  fibre  into  which  its  axis  cj-iinder  process  is  continued. 

As  regards  the  sympathetic  ganglia,  though  there  are  some 
resales  which  appear  to  indicate  that  certain  of  these  ganglia  may 
act  in  a  simple  and  rudimentary  u-ny  ns  c^-ntrcs  of  rvllex  action, 
these  cases  arc  by  no  mt^'ans  clear;  aud  it  may  be  distinctly 
aHinned  that  these  ganglia  do  nut  generally  act  as  centres  of 
retlex  action  in  the  same  way  as  does  the  grey  matter  of  the 
central  nervoiiH  system. 

Of  the  fibres  running  in  a  ramus  from  a  spinal  nerve  to  the 
ganglion  of  the  same  metamere,  some  may  end  ia  connection 
with  the  nerve  cells  of  that  ganglion.  In  that  case  the  ner\'e 
fibre,  which  is  a  medullated  one.  appears  to  end  iii  an  arborvsconce 
in  contact  with  a  nerve  cell ,  and  thul  nerve  (x-11  gives  olf  one  or 
more  pTOfeiWCs  which  become  nerve  fibres,  but  nun -medullated 
nerve  fibre*.  Other  fibres  of  the  rhmus  may  simply  j>a.>*s  throu^jh 
that  ganglion,  pas.'iing  by  it«  nerve  cttlls,  and  end  in  connecli'm  with 
the  ner\'e  cells  of  some  other  ganglion,  which  ner\'e  cells  similarly 
give  rise  to  non-medutlated  ner\'e  fibres.  The  nerve  fibres  leaving 
a  ganglion  are  more  numerous  than  those  reaching  it  from  the 
central  nervous  system  ;  and  while  the  latter  are  medullated, 
the  former  are  increasingly  non-medu  Hated.  Hence  in  the  gan> 
glion  there  is  n  spreading  and  lUslributiou  of  nervuuii  iiiipuls<-s; 

I  as  to  what  changes  in  the  nature  of  the  iiupul^es  may  be  etfccled 
M  they  pass   throagh   the  nenc  cells  of  a  ganglion  is  not   at 

^liceaeut  clear. 

There  aeem.<i  at  Rmt  sight  evidence  of  aome  strength  that  these 
sympathetic  ganglia,  unlike  the  ganglia  on  the  posterior  roots,  may 
serve  as  centres  of  rhythmic  automatic  action.  Several  oigans  of 
the  body  cf)ntaining  muscular  tissue,  the  most  notiiblv  l>ciiig  the 
heart,  are  during  life  engaged  in  rhythmic  automatic  ni<)vemout«>. 
and  in  nianr  casi^«  continue  these  movements  after  removal  from 
the  hmly.  In  nearly  all  these  cams  ganglia  are  present  in  con- 
nection with  the  niUM;ular  lisaiuo;  and  the  presence  and  intact 
oonditioD  of  these  ganglia  s«em  at  all  events  in  many  cases  in 
■nm-  trar  essential  to  the  due  performance  of  the  rhythmic 
movements.  Indeed  it  has  been  thought  that  the 
lueation  ar^  really  due  to  the  rhythmic  aufimatic 
cells  of  these  ganglia  of  elTcrcnt  impulses 
'he  appropriate  muscular  fibres  call  forth 
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the  rhythmic  movemeut.  When  wo  come  lo  study  these  mwva- 
DieuU  in  detail,  we  shall  tiud  rt^asona  for  coming  to  the  coucliiaiuo 
that  this  view  is  not  supported  by  adequate  evidence. 

g  92.  InhibitoTfi  nerves.  We  have  said  that  the  fibres  of  the 
anterior  root,  sliould  be  called  cffcrt-nt  ruthor  than  motor  because 
though  tht'y  all  rarry  impulm.^s  outwurd  fruni  ihf  central  ntrvous 
system  to  tin;  tissues,  the  iiupulsi^i  which  they  carry  il»  not 
in  all  ciuws  lead  t'»  the  contractiiin  of  muscular  fibres.  Siuuc  u( 
thes<;  efferent  tibres  nre  distributed  to  glandular  structures,  tor 
in.<(tance,  to  the  salivary  ulamla,  and  impulses  passing  along  these 
lead  to  changes  in  epithelial  cells  and  their  surroundings  whereby, 
without  any  muscular  contraction  necessarily  intervening,  secre- 
tion is  brought  about :  the  action  of  thcsv  fibres  of  sscretion  we 
shall  study  in  connection  with  digestion. 

Bc^des  this  there  are  cITerent  libr»>  going  tu  tuuscuW  tissue 
or  at  all  events  to  muscular  organs,  the  impuLses  passing  along 
which,  so  far  from  bringing  about  muscular  contraction,  dimiuLsh, 
hinder  or  stop  movements  already  in  progress.  Thus  if  when  the 
heart  is  beating  regularly,  that  is  to  say,  when  the  muacular  tibres 
which  make  up  the  greater  part  of  the  heart  are  rhythmically 
contracting,  the  branches  of  the  pneumogastric  nerve  going  to  the 
heart  be  adequately  stimulated,  for  instance  with  the  interrupted 
curritnt,  the  heart  will  stop  beating ;  and  that  not  because  the 
luiucles  of  the  heart  arc  thrown  into  a  continued  tetanus,  the 
rhythmic  alternation  of  contraction  and  relaxation  lieing  replaced 
by  sustained  contraction,  hut  because  contraction  disappears  alto- 
gether, all  the  muscular  fibres  of  the  heart  remaining  for  a 
considerable  time  in  complete  relaxation  and  the  whole  heart 
being  quite  flaccid.  If  a  weaker  stimulus  be  employed  the  beat 
may  not  be  actually  atopiKid  but  slowed  or  weakened.  And,  as  we 
shall  see.  thero  are  many  other  cn-ies  whi-re  the  stimulation  of 
efferent  fibres  hinders,  weakens,  or  altogether  stops  a  movement 
already  in  prc^res.t.  Such  an  ettect  is  called  an  itihihition.  and 
the  fibres,  stimulation  of  which  produces  the  effect,  are  called 
'  inhibitory '  fibres. 

The  phenomena  of  inhibition  .ire  not,  howerer,  confined  to 
such  casea  aa  the  heart,  where  the  efl'erent  nerves  ate  connected 
with  nmscular  tissues.  In  fact  it  is  probable,  though  not  actually 
proved  in  every  casi;.  that  wheruver  in  any  tissue,  enei^y  is  being 
wC  free,  nervous  impulses  brought  to  bear  on  the  tissue  may  affect 
the  rate  or  amount  of  the  energy  set  free  in  two  different  ways ;  on 
Um  one  hand,  they  may  increa.se  or  quicken  (lie  setting  free  of 
eoergyi  &nd  on  the  other  hand  they  may  slacken  or  hinder  the 
setting  free  of  energy.  And  in  at  all  events  a  large  number  of 
eaaea  it  is  possible  to  produce  the  one  effect  by  meaus  of  one  set 
of  nerve  fibres,  and  the  other  effect  by  another  set  of  nerve  fibres. 
We  shall  have  occasion  however  to  study  the  several  instances  of 
tbia  doable  action  in  tUv  appropriate  places. 


CHAPTER  IV. 


THE  VASCULAR  MECHANISM. 


SEC.   1.    THE  STRCCTURE  AND  MAIN   FEATURES  OF 
THE  VASCULAR  APPARATUS. 


§  93.  Tub  blood,  as  we  h»ve  said,  in  the  int«mal  mediiiin  on 
which  the  tissues  live ;  from  it  iheae  draw  their  food  and  oxygen,  to 
it  they  give  up  the  products  or  waste  matters  which  they  form.  The 
tissues,  with  some  few  exceptions,  arc  truvfised  by,  and  thus  the 
elements  of  the  tissues  suiruundud  by,  nutworks  of  minutv,  thin- 
«ral1«d  tubcfl,  the  eapiUary  blood  vtsstlx.  The  elementary  striutcd 
muRcle  ftbn>.  fur  iustauce,  is  surrounded  by  capillaries,  running  io 
the  counective  tissue  outside  but  clofte  Ut  the  aarcolemma.  ananged 
io  a  Dfitwork  with  more  or  less  rectangular  meshea.  These  eapiU 
bllM  we  oloaed  tnbe-i  with  continuous  wallx,  and  the  blood,  which, 
M  we  thalt  see,  is  continually  streaming  through  them,  is  as  a 
whole  confined  Xo  their  channels,  and  does  not  escape  from  them. 
The  elements  of  the  tissues  lie  outeide  the  caxnlluries,  and  form 
f^tra-voMtUar  islets  ot  different  form  and  ^inc  in  the  dilTeTCDt 
tissues,  surrounded  by  capillary  networks.  But  the  walla  ot  the 
CRfHllanes  arc  so  thiu  and  of  suoh  n  nature  that  certain  of  the 
ooiuUtaeDta  of  the  blood  pass  from  the  interior  of  the  capilhtry 
throogh  the  capillary  wall  to  the  elements  of  the  tissue  outside 
ttie  capillary,  and,  similarly,  oertain  of  the  constituents  of  the 
tiasae.  to  wit.  certain  aubstances,  the  result  of  the  metabolism 
continually  going  on  in  the  tissue,  pass  from  the  tissue  outside 
the  copillarj-  through  the  capillary  wall  into  the  blood  flowing 
through  the  capiUa^.     Thus,  as  we  have  already  said,  §  13,  thcru 
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is  n  continual  interchange  of  material  between  the  blood  in  the 
capillary,  and  the  elements  of  tlie  tissue  outside  the  capillary,  the 
Ivmph  acting  as  middle  man.  By  this  interchange  the  tissue 
bves  on  the  blood  and  the  blood  is  affected  by  its  passage  through 
the  tissue.  Id  the  small  arteries  which  end  in,  and  in  the  small 
veins  which  begtu  in  the  capillariui;,  a  similar  intcrctiange  takes 
place;  but  Uie  amount  of  interchange  diminishes  bs,  passing  iu 
eaeli  direction  from  tlie  capillari&s,  the  walls  of  the  arteries  and 
vciuH  become  thicker;  and  indeed,  in  all  but  the  minute  viuns 
and  arteries,  the  interchange  is  so  small  that  it  may  practically 
be  neglected.  It  is  in  the  capillaries  (and  minute  arteries  and 
veins)  that  the  business  of  the  blood  is  done;  it  is  in  these  that 
tlje  interchange  takes  place;  and  the  object  of  the  vuacular 
mechaniam  is  to  cause  the  blood  to  How  through  thcsti  in  a 
manner  best  adapted  for  carrying  on  this  intercliange  under 
Varying  circumstances.  The  use  of  the  arteries  is  Id  the  main 
simply  to  carry  the  blood  in  a  suitable  manner  from  thu  heart 
to  the  capillaries,  the  use  of  the  veins  is  in  the  main  simply  to 
carry  the  blood  (rnni  tJie  capillaries  hack  to  the  heart,  and  the  use 
of  the  heart  is  in  the  main  simply  to  drive  the  blood  in  a  suitable 
manner  tlirough  the  arteries  into  the  capillaries  and  from  the 
capillaries  back  along  the  veins  to  itself  again.  The  structure  of 
these  several  parts  is  adapted  to  these  several  uses. 


Jfintn   Features  of  the  Apparatus. 

§  94.  We  may  pass  briefly  in  review  some  of  the  main 
features  of  the  severnl  parts  of  the  vascular  apparatus,  heart, 
arlerifts,  veins  and  capillarieR. 

The  heart  is  a  mii.scular  pump,  that  is  a  pump  the  force  of 
whose  strokes  is  supplied  by  the  contraction  of  muscular  fibres, 
working  intermittently,  the  strokes  beiug  repeated  so  many  times 
(in  man  about  72  times)  a  minute.  It  is  so  construetwd  and 
himished  with  valves  in  such  a  way  thut  at  each  stroke  it  drivus 
a  certain  (quantity  of  blood  with  a  certain  force  and  a  certain 
rapidity  from  the  left  ventricle  into  tlirr  aorta  and  so  into  the 
•rlorics,  receiving  during  the  stroke  and  the  interval  between  that 
stroke  and  the  next,  the  same  quantity  "f  hluod  from  ihe  veins 
into  the  right,  auricle.  We  omit  for  simplicily's  sake  the  pul- 
monary circulation  hy  which  the  .'<ame  {quantity  of  blood  is  driven 
at  the  stroke  from  the  right  ventricle  into  the  lungs  and  received 
into  the  left  auricle.  The  rhythm  of  the  beat,  that  ia  the  frc- 
qnea^  of  repetition  of  the  strokes,  and  the  characters  of  each 
beat  or  stroke,  are  determined  by  changes  taking  place  in  the 
tissues  of  the  heart  itself,  though  they  are  uIgo  induenced  hy 
causes  working  from  without. 

The  arteries  arc  tubus,  with  relatively  stout  walls,  braiicliiug 
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(rimi  ihe  aorta  all  wvr  Ui«  b(nly.  The  constitution  o[  their  walU, 
e»]H-<!ially  of  the  middle  coat,  gives  tlio  urterius  two  suliuiit  iiro])«r- 
tie».  III  the  first  place  th«y  are  vcri/  tlanttc,  in  the  sense  that 
ther  will  atrebch  readily,  both  lenjitliwayK  nnd  croanwiie,  when 
pulled,  and  return  ruadily  to  their  former  size  and  shape  when 
the  pull  ia  tak<_'ii  oil".  If  Htiid  be  driven  into  one  end  of  a  pieco 
of  arUtrj-.  th«  oDit-r  end  of  which  is  tied,  the  artery  will  swell  out 
to  a  very  gn^l  extent,  but  ruluru  immediately  to  its  former 
falibru  when  the  fluid  is  let  out.  Tiiis  elasticity  is  chi«fly  duo  to 
th«  alutic  clenicnL^  in  the  coats,  elostic  meml>rHni.^s  and  fcltworks, 
b<it  the  luuHCuIar  fibres  being  tbeiusi.tlvcjt  also  eWtic  oonlribute  to 
the  re-iult.  Hy  reason  of  their  pus'te^'tiii);  such  stout  elastic  walls 
iht!  arieries  when  empty  <I<j  not  collapse  but  remain  an  ojien  tiil)e». 
In  the  second  place  the  arlerien  by  virtue  of  their  muscular  ele- 
ments are  wntrttetile :  when  stimulated  either  directly  as  by 
applying  an  electric  or  mechanical  stiroulua  to  the  artennl  wulU 
or  indirwtly  by  means  of  the  ei>ca]led  vaso-motor  nerves,  which 
wc  ?hall  have  to  study  prt-senlly.  thf  arteries  shnuk  in  calibn;, 
llie  circularly  disfxised  mnscular  tibrvs  tontr,icliuH  ""d  so,  in  pro- 
|Mirtion  ui  tht;  aniounl  of  their  coutnictiun.  narrowing  the  lumitii 
or  bore  of  the  vessel.  The  contraction  of  tlie«e  art«rial  muscular 
fibres,  like  that  of  all  plain  n»n>striated  muscular  Rbres,  ia  slow 
and  lon;^  continued,  wiili  a  long  lalenl  period,  as  compared  with 
the  contraclion  of  skeletal  striated  musculRT  fibres.  Owing  to 
this  muscular  flcm^-nt  in  the  arterial  walls,  the  calibre  of  an 
■rtery  may  bi*  very  iiiirrow.  or  very  wide,  or  in  an  int^rmedinte 
eonditi'in  lietweon  Ibc  two.  nvither  very  narrow  nor  very  wide, 
■ooordiiig  as  llu^  muscnlftr  libres  arc  vrry  much  contmcI«d.  or  not 
contracted  at  all.  or  only  modemtelv  contract«d  Further,  while 
the  relative  proportion  of  elastic  and  muscular  elements  differs  in 
lUfforent  arteries,  as  a  general  rule  t)i<f  elastic  elements  predomi- 
uate  in  the  larger  arteries  and  the  muscular  elements  in  the 
smalh-r  arteries,  ao  that  the  larj^er  arteries  may  be  spoken  of  aa 
emincully  elastic,  or  aa  especially  useful  on  account  of  their 
elastic  proiwrties,  and  the  smaller  arteries  as  eminently  muscubir, 
or  as  espc'iully  useful  on  aceounl  nf  their  muscular  properties 
Thos  in  the  miimie  arteries  which  an-  just  passin;*  into  capillaries 
the  muscular  coat,  ihou^'h  composed  often  of  a  sinnle  layer,  and 
that  sometimes  an  imperfect  one,  of  muscular  Rbret,  is  a  much 
more  consoicuous  and  important  part  of  the  arterial  wall  than  that 
furnished  ny  the  elastic  elements. 

The  arteries  branching  out  from  a  single  aorta  down  to  muItJ* 
tndioous  capillaries  in  nearly  every  part  of  the  body,  diminish  in 
llor«  OS  they  divide.  ^V'hvri■  an  nrt^y  divides  into  two  or  gives  off 
a  branoh,  though  the  Ixire  of  each  division  is  less  thao  that  of  the 
artery  before  the  division  or  hnkm-hing,  the  two  together  are 
I  neater ;  that  is  to  say,  tJie  united  sectional  area  of  the  branches 
M  greater  than  the  sectional  area   of  the  trunk.     licncc  ths 
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sectional  area  of  the  artvrial  bud  tliroiiKli  wbich  the  blood  flows 
goes  on  increasing  from  the  nurta  to  ibi;  caj'illarivB.  If  nil  the 
ftrtenn!  ljraui:hi;s  were  tlirown  togetlier  into  one  channel,  this 
wiiiild  fni'iii  a  hdllow  ooiii.^  with  its  apex  at  the  aorta  and  its  btieo 
at  the  mpillaries.  Tlie  uiiilcil  tiectional  area  of  the  ctipillnritis 
may  be  UikeD  a^  several  hundred  times  that  of  the  sectional  urea 
of  the  aorta,  so  greatly  does  the  arterial  bed  widen  out,. 

The  tiapillaries  are  channolB  of  vuriable  but  exceedingly  small 
size.  The  thin  sheet  of  cemvnted  epithelioid  p1at«s  which  forms 
the  only  wall  of  a  capillary  is  elastic,  permitting;  the  clinnuel  otl'ered 
by  the  snmu  capillary  lo  ditfer  iiiucli  lu  width  at  dilterent  times, 
to  widi.-n  wlicn  blood  plasma  atnl  blood  corpuscles  are  bcinj;  prcsBcd 
throii^'li  it  and  to  narrow  a^rnin  whea  the  pressure  is  lessened  nr 
cut  ofT.  The  same  thin  sheet  permita  water  and  substances, 
including  gases,  in  solution  to  pass  through  itself  from  the  blood 
to  the  tissue  outside  the  capillary  and  from  the  tissue  to  the 
blood,  and  thus  carries  on  the  interchunpe  of  material  between  the 
blood  iind  the  tissue.  In  certain  oircumstanccs  at  nil  events  white 
and  even  n'd  corpuscles  may  also  pass  through  the  wall  to  the 
tissue  outside. 

The  miunt«  arteries  and  veins  with  which  the  capillarie*  are 
continuous  allow  of  a  similar  interchange  of  material,  the  more  so 
the  smaller  they  are. 

The  walls  of  Uie  veins  are  thinner,  weaker  and  less  elastic 
than  tliose  of  thy  arteries,  and  possess  a  very  variable  amount  of 
muscular  tissue;  they  collapse  when  the  veins  are  empty.  Though 
all  veins  are  more  or  less  elastic  and  some  veins  are  distinctly 
muscular,  the  veins  as  a  whole  cannot,  like  the  art^Ties,  be 
chamcterized  as  eminently  clastic  and  contmctilo  IuIr's;  they 
arc  rather  to  be  regarded  aa  simple  channels  for  oonvL-ying  the 
blood  from  the  capillaries  to  the  heaH,  having  just  so  tuueh 
elasticity  as  will  enable  theni  to  accommodate  tliem.selves  to  the 
quantity  of  blood  passing  througli  them,  the  same  vein  l>eing  at 
one  lime  full  and  distended  and  at  another  time  empty  and 
shrunk,  and  only  gifted  with  any  great  amount  of  muscular 
contractility  in  special  cases  for  si^tvc-iul  reasons.  The  united 
sectional  area  of  the  veins,  like  that  of  the  arteries,  diminishes 
from  the  capillaries  to  the  heart;  hut  the  united  sectional  area 
of  the  veme  cava-  at  their  junction  with  the  right  auricle  is 
greater  than,  nearly,  twii^f  as  great  as,  that  of  the  aorta  at  ib* 
origin.  The  total  capacily  alto  of  the  veins  is  much  greater  than 
that  of  i!ie  arteries.  The  veins  alone  can  hold  the  total  mass  of 
bloixJ  which  in  life  is  distributed  over  both  arteries  and  veins. 
Indeed  nearly  the  whole  blood  is  capable  of  being  received  by 
what  is  merely  a  part  of  tlie  veuous  system,  viz.  the  vena  porUe 
and  its  braucbes. 


SEC.  2.    TUK  MAIN   FACTS   OF  THE  CIRCULATION. 


J  B5.  Bcforo  we  atMinpt  to  study  in  detail  th«  working  of 
tbeae  s^vL-ral  putts  of  the  mecliauisui,  it  will  W.  well,  »vuu  at  tlii: 
risk  of  some  future  repetition,  to  take  a  brief  survey  of  some 
of  tJiu  snlieiit  feitureH. 

At  each  beac  of  lUe  hnart,  wliich  in  man  ia  repeated  about  72 
times  a  minute,  the  contraction  or  systole  of  the  veotriclea  drives 
a  ({uantity  of  blood  with  very  great  force  into  the  aorta  (and  the 
same  quaotily  of  blood  with  less  force  IdLo  the  pulmonary  artery) ; 
tite  actual  amount  vario.^  from  lime  to  tiiui;,  but  180  o.c.  (4  to  6oz.) 
may  be  taken  ss  a  rather  high  eHtimate.  The  discharge  of  blood 
from  tho  ventricle  into  the  aorta  Lt  very  rapid,  uud  the  lime 
tak«n  up  by  it  ts,  as  we  shall  see,  less  than  the  time  which  int«^r- 
Vin\6ii  betwe«^n  it  and  the  next  discharge  of  the  next  beat.  So 
Uiat  the  How  from  the  heart  into  the  aneries  is  mo<it  diKtinotly 
iiiteruiittitnt.  sudden,  rapid  discharges  nlteniating  with  relatively 
longer  intervals,  during  which  the  arteries  receive  no  blood  from 
the  heart- 

At  each  bent  of  the  heart  juitt  as  much  blood  flows,  as  we  shall 
Bee,  from  the  veins  into  the  right  auricle  as  c-scapes  from  the  left 
ventricle  into  the  aorta;  but,  as  we  shall  abo  »ee,  this  inflow  is 
■ntieh  slower,  takes  a  longer  time,  th«n  the  discharge  from  the 
Ventricle. 

Wlien  the  finger  ia  placed  on  an  artery  in  the  living  body,  a 

sense  of  resistance  is  felt,  and  this  resistance  seems  to  be  increased 

*t  intervals,  corresponding  to  the  heart  beata,  tlie  artery  at  each 

Aenrt  beat  being  felt  to  risw  up  or  expand  under  the  finger, 

constituting  what  wc  fshnll  study  hervaft^^T  as  the  pitlat.     In  certain 

■^teries  this  pulse  may  be  seen  by  the  eye.     When  the  finger  is 

similarlv  placed  nn  «  corn'xji'inding  vein,  very  little  resistance  is 

'elc.  anil  under  onltii.-iry  circumstances  no  pulse  can  be  perceived 

oy   the  touch  or  by  the  eye. 

When  an  artery  is  severed,  the  flow  of  blood  from  the  proximal 
*^t  end,  that  on  the  heart  side,  is  not  equable,  but  comes  in  jets, 
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corresponding  to  the  lii-art  beats,  though  the  flow  does  not  cease 
between  the  jets.  The  hlood  is  ejected  with  considerable  force, 
and  may,  in  a  large  artery  of  a  large  anininl,  be  spurted  out  to  the 
distance  of  some  feet.  The  larjjer  tlie  urtory  and  the  nearer  to  the 
heart,  the  greater  the  force  with  which  th«  blood  issues,  and  the 
more  marked  the  iiitermittence  of  the  flow.  The  flow  from  the 
diHtal  cut  end,  that  away  from  the  heart,  may  be  very  clight,  or 
may  take  place  with  considL'rable  force  and  marked  iiitermittence, 
according  to  the  amount  of  collateral  communication. 

When  a  correa ponding  vein  is  severed,  the  flow  of  blood,  which 
is  chiotly  from  thu  distal  cut  end,  that  iu  connection  with  thu 
cajiillaricH,  i»  not  jerked  but  coulinuous ;  the  blood  comes  out  with 
comparatively  little  forw,  and  '  wells  up'  rather  than  'spurts  out' 
Tlin  How  from  the  proximal  cut  end,  that  on  the  heart  sidi^,  may 
amount  to  nothing  at  all,  or  may  be  .ilighl,  or  may  be  considerable, 
depending  on  the  presence  or  absence  of  valves  and  the  amount 
of  collateral  communication. 

When  an  artery  is  ligatured,  the  vessel  swells  on  the  proximal 
side,  towards  the  heart,  and  the  throbbing  of  the  pulse  may  be 
felt  right  up  to  the  ligature.  On  the  distal  side,  the  vessel  is 
empty  and  shrunk,  and  no  pulse  can  he  felt  in  it  uuless  there 
bo  free  collateral  communication. 

When  a  vein  ia  ligatured,  the  vessel  swells  on  the  diittal  side, 
kway  from  the  heart,  but  no  pulse  is  felt ;  while  on  the  proximal 
side,  towards  the  heart,  it  ia  empty  and  collapsed  unless  there  be 
ton  free  collateral  communication. 

§  96.  When  the  interior  t>f  an  artery,  for  instance  the  carotid, 
is  placed  in  communicntiou  with  a  long  elasa  tube  of  not  too  great 
a  bore,  held  vertically,  the  blood,  immediately  upon  the  communi- 
cation being  effected,  may  be  secu  to  ru«h  int^  and  to  fill  the  tube 
for  a  certain  distance,  forming  in  it  a  column  of  blood  of  a  certain 
height.  The  column  rises  not  steadily  but  by  leaps,  each  leap 
corresponding  to  a  heart  beat,  and  each  leap  being  less  than  its 
predecessor ;  and  this  goes  on.  the  increase  in  the  height  of  the 
column  at  each  heart  beat  each  time  diminishing,  until  at  last 
the  column  ceases  to  risc.and  remains  for  a  while  ata  mean  level, 
above  and  below  which  it  oscillates  with  slight  excursions  at  each 
heart  beat. 

To  iotroduco  inch  n  tube,  an  art*r)'f  say  the  carotid  of  a  rabbit, 
is  laid  bare,  ligatured  at  a  convenient  spot,  /'  Fig.  3^  and  furllinr 
temporarily  dosed  a  little  distance  lower  down  nearer  the  h<!art  by  a 
anal!  pair  of  'buil-dDK'  furcwi",  hd,  or  by  a  ligature  which  can  be 
easily  slipped.  A  V^hnpod  cut  in  now  made  in  the  artery  between 
the  foroep*,  bd,  and  tlio  ligntum  ('  (only  thn  drop  or  two  of  blood 
which  tinpponK  to  rcmsin  nticIfUM-i!  bptwnnn  tho  two  Ix^ing  lost)  :  llie 
end  of  the  tube,  represented  by  r  in  thn  fignm,  ia  intmluceil  into  the 
arteij  and  sMunxl  by  the  ligature  /.  The  inK^or  of  the  tube  is  now 
in  free  communication  with  the  Interior  of  the  artery,   but  ibe  latter 
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u,  by  nwans  of  the  forceps,  nt  present  stint  aS  from  the  heftrt.  On 
rvmwving  the  forceps  a  diruct  coiuinuiiiuitiou  is  at  once  eatabliabed 
betveon  Um  tubs  aud  tbe  ut«T}-  buluw;  in  cuasequuiice  Ui«  bluod  troai 
ti»  baart  flow*  tbrougk  tbu  artery  inlu  tbo  tube. 

This  eicpi^riuient  ifht-ws  that  lUe  blood  as  it  is  flowin^j  into  tliv 
caiotid  18  vxertiiig  a  cousidcmblu  prcsHurc  on  the  wulls  uf  iliv 
artery.  At  ibe  momeut  when  the  fvrceps  is  runiovwi,  there  is 
notliiiig  but  the  ordinary  pressure  of  the  alinospbere  to  counter- 
balance  tliis  pressure  within  the  art«ry,  and  con8e<)uent1y  a 
qoantitj  of  blood  is  pressed  out  into  the  tube  ;  and  this  goea  on 
until  the  column  of  blood  in  the  tube  reaches  such  a  height  that 
ita  weight  is  equal  to  the  prt'ssure  within  the  artery,  whereupon 
no  more  blood  escapes.  Tlic  wbok  column  continues  to  ho  niised 
a  little  nt  each  heart  biuit,  but  sinks  as  much  during  the  interval 
between  each  two  bent«,  and  tlius  oscilUtes,  as  we  have  said, 
above  and  below  a  mean  level  In  a  rabbit  this  column  of  blood 
will  generally  have  the  height  of  about  90  cm.  (3  feet) ;  that  is  to 
say,  the  pressure  wliich  the  blood  exerts  on  the  walls  of  the  carotid 
of  a  rabbit  is  equal  to  the  pressure  exerted  by  a  coUimn  of  rabbit's 
blood  90  cm.  high.  This  is  equal  to  the  pressure  of  a  column 
of  watur  about  95  cm.  hiffh.  and  to  the  pressure  of  s  column  of 
mvrcury  about  70  mm.  hi[:h. 

If  a  like  tube  be  similarly  introduced  into  a  corresponding 
vein,  say  the  jugular  vein,  it  will  be  futiTid  that  the  column  of 
blood,  aimilarly  formed  in  the  tube,  will  be  a  very  low  one,  not 
more  than  a  very  few  centimeters  high  ;  and  that  while  the  level 
of  the  column  may  vary  a  good  deal,  owing  as  we  shall  see  later 
to  the  influence  of  the  respiratory  movements,  there  will  not,  as 
in  the  artery,  bo  oscillations  coirespondinK  to  the  heart,  beats. 

We  learn,  then,  from  this  simple  experiment,  that  in  tbecarotid 
of  Uio  rabbit  the  blood,  while  it  tlows  through  that  vessel,  is 
exerting  a  considerable  mean  pres.iure  on  the  arterial  walls,  equi- 
valent to  that  of  a  column  of  mercury  about  70  mm.  high,  but  that 
in  the  jugular  vein  Uie  blom)  exerts  on  the  venous  walls  a  very 
slight  mean  pressure,  equivalent  to  that  of  a  column  of  blood  a  few 
centimeters  high,  or  of  a  column  of  mercury'  three  or  four  milli- 
meters high.  We  speak  of  this  mean  pressure  exerted  by  the 
blood  on  the  walls  of  the  blood  vessels  as  blood  presmrt.  and  we 
aay  that  the  blood  pressure  in  the  carotid  of  the  rabbit  is  very 
tug^  (70  mm.  Hg.),  while  that  in  the  jugular  vein  is  very  low  (only 
3  or  4  tarn.  Hg.). 

In  the  normal  state  of  tilings,  the  blood  flows  through  the 
carotid  to  the  arterial  brnnches  Iteyond,  and  through  the  jugular 
vein  towards  the  heart ;  the  pressure  exerted  by  tlie  blood  on  the 
artery,  or  on  the  veiu  is  a  lateral  pressure  on  the  walls  of  the 
artery  and  vein  respectively.  In  the  above  experiment  the  pre«- 
sore  measured  is  not  exactly  this,  but  the  pressure  exerted  at  the 
end  of  the  artery  (or  of  the  vein)  where  the  tube  is  auacbed.    W« 
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might  directlr  ineasare  the  Isteral  pressure  in  the  carotid  by  some- 
wliat  modifyiti;;  the  procedan-  deschb«l  mbove.  We  mi^ht  connect 
the  carulid  with  a.  tube,  tbv  eatl  of  vbich  wts  not  stnught  but 
made  in  the  form  of  a  K  jnece,  and  might  introduce  th«  t-  piece 
in  such  a  way  that  th«  blood  should  flow  along  one  limb  (the 
vertical  limb)  of  the  K  piece  from  the  proximal  to  tbe  distal  part 
of  the  carotid,  and  at  the  same  time  by  the  other  (horizontal)  limb 
of  the  t-  piece  into  the  main,  npright  part  of  the  glass  tube.  The 
column  of  blood  in  the  tube  wouU  theu  be  ■  measure  of  the 
prrasuru  which  the  blood,  as  it  is  Qowing  along  the  carotid,  is 
cxcrtJng  ou  a  portion  of  its  walls  eonv«{>otidiiig  to  the  mouth  of 
the  horiioiilal  limb  of  tlie  ^-  piece.  If  we  were  to  introducv 
into  the  aorta,  at  the  place  uf  origia  of  the  carotid,  a  »iniili>r 
{larger)  K  piece,  and  to  connect  the  glass  tube  with  the  horixontal 
limb  of  the  H  piece  by  a  piece  of  elastic  tubing  of  Uie  same  lengtb 
and  bore  as  the  carotid,  the  colnmn  of  blood  rising  up  in  the  tube 
would  be  tbe  measure  of  the  lateral  pressure  exerted  by  the  blood 
OD  the  walls  of  the  aorta  at  tbe  origin  of  the  carotid  artery,  and 
tninsmitt^'d  to  the  rigid  glass  tube  through  a  certain  length  of 
elastic  tubing.  And,  indeed,  whiit  is  measured  in  tliu  experiment 
pn^viously  dmrihcd  is  not  the  lateral  pressure  in  the  caiDtid  itfi-H 
at  the  spot  where  tht>  glairs  tube  is  introduced,  but  the  latt>nil 
{Measure  of  the  aorta  at  the  origin  of  the  carotid,  nioditied  by  the 
influences  exerted  by  the  length  of  the  carotid  between  its  raigio 
and  the  spot  where  the  tube  is  introduced. 

§  97.  Such  an  experiment  as  the  taie  described  has  the  dis- 
advant^ea  that  the  animal  is  weakened  by  the  loss  of  the  blood, 
which  goes  to  form  the  column  in  t!;e  tubL-.  mid  that  the  blood 
in  the  tube  soon  clots,  and  so  brings  tli«  experiment  to  an  end. 
Blood  pressure  may  be  more  conveniently  studied  by  connecting 
the  interior  of  the  artery  (or  vein)  witli  ft  mercury  gange  or 
manometer.  Fig.  25,  the  proximal,  descending  limb  of  which,  m. 
is  filled  above  the  memiry  with  some  innocuous  fluid,  aa  is  ftlso 
tlie  tube  connecting  t^ie  manometer  with  the  artery.  Using  such 
an  instrument  we  should  obwrve  very  much  the  same  facts  aa  ini 
the  more  simple  experiment 

Immediately  that  communication  is  established  between  Uic 
interior  of  the  artery  and  the  manometer,  blood  ru^he.'t  from  tlic 
fanner  into  the  latter.  dri\'iDg  some  of  the  mercury  from  the  de- 
scending limb,  ffl,  into  the  ascending  limb,  m',  and  thus  causing 
the  leve.l  of  the  mercury  in  the  ascending  limb  to  rise  rapidly. 
This  TiFie  if  marked  by  jerlcs  corn^^ponding  with  the  heart  beats. 
Having  reacliod  a  certain  level,  the  mercury  ceases  to  rise  any 
more.  It  does  not,  however,  remain  absolutely  at  rest,  but  under- 
goes oscillations ;  it  keeps  rising  and  falling.  Each  rise,  which  is 
very  flight  compared  with  the  total  height  to  which  the  mercury 
haa  risen,  has  the  same  rhythm  as  the  systole  of  the  rentricia 
Similarly,  each  fall  corresponds  with  the  diastole. 
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At  the  uppcc  right-iuuid  corner  is  Mai,  on  »b  eular^od  lul*.  llie  cu»tiil  aitfry, 

cknipeil  liy  the  [oMi[)a  id.  with  the  vaxm  iit-rve  i'  Iving  hy  lu  side.  'I'ho  krlery 
hika  botD  ligjtrur^d  at  J',  and  Ihi?  i^'lufr?)  i^utinula  '^  lijk^  bi^vu  intruituoed  into  the  arlerv 
between  tilt  li^ttuc  I'  aiiil  tbv  forct^pc  M.  auci  a?? urvd  in  potitioa  by  tiie  Ugatnre  2. 
'llie  slirunken  ■rtery  ud  tht>  dioUkl  iitl«  cif  thi  cannula  u  nxu  at  cu'. 

/>.b.  IS  n  box  vonMlnini;  ■  Uilllei  liuliiin);  a  mtturalci  nulQtiun  of  wdluin  car- 
boaatc.  or  uf  B'xliutri  biiiirlHinud'.  ur  k  inixiiirct  uf  the  two.  and  oipnblo  o(  being 
raised  ur  lowertil  Ht  (ilHiwur*.  Tbr  ii»iutii>u  tliiwn  br  (lie  lube />(.  reguLaled  bv  tite 
clamp  c"  iuUi  ihp  luW  '.  A  iiTriug«,  with  ik  ittopcui-k,  nis;r  Iw  aubatuulcd  (or  the 
buttle,  and  »tl»cii«d  u  r".  'rhia.  indund.  i>  in  ninnv  rcspwt*  a  mora  cuo'enitnt  jiliui. 
The  tub)?  I  i*  connected  with  the  icailr.u  tube  r.  niid  tlic  ■topcock  c  with  tho  niitno- 
iii«t«T,  •>!  which  m  U  Iha  doscendlnc  juid  lu' the  aficending  limb,  luid  t  tho  euppurt. 
Til*  inervurv  in  the  asranding  llnil>  boar*  nn  ilii  luifAco  ihd  fl(iac_/~/,  s  lung  nxl 
■Itached  ti>  which  is  flltcd  with  the  pen  p.  writing  on  the  recmiding  «ur(sce  r.  The 
clataii  tt.  at  the  end  uf  tho  inbo  i  hu  an  wraugeiuont  *hcwu  on  a  Iat£«r  scuJe  mi 
tlie  neht-hnnd  U|ipci  earner. 

'rhe  d(«couiIing  tube  in  of  tho  monomeler  and  the  tube  i  liclti);  camjdnUiIy  tllttnl 
alimg  iti  whole  length  «ilh  fluid  to  the  eicluiiun  of  aJI  ur.  Ihn  rannnhi  r  it  liltoil 
with  Hiild,  slipped  into  the  open  end  uf  the  thk'k-u-alled  jiidia  rubbec  tulie  i.  nntil  it 
meets  the  lube  (  (whone  poBilion  «nlhiii  llie  imiin  nibbet  tnbc  in  shown  by  the  dultvil 
lines),  and  i*  then  jiecDrrly  fixe^l  In  thin  p^'fitioD  by  the  clnmp  el. 

n'he  stopcocks  t  and  r"  me  nnw  ^>f<i]eil)  nnd  the  pressure  bottle  rnised  or  Ouid 
driven  in  by  (ho  Bvringe  tiutil  the  mercury  in  the  mnnometer  is  mised  to  the 
re<|uired  heigbl.  Tlie  clamp  r"  is  thvu  cIuBcil  nnd  the  fuiispi  hd  removed  from  the 
nrterj.  The  pmsuraot  the  blood  id  the  roruiid  ca.  is  iu  conso^ucnce  brought  to 
bear  thntogh  (  upon  the  mMvurf  in  Lfae  tnanomFlvr- 

If  a  float,  swimming  on  Uie  top  of  the  mercury  in  the  nsccnding 
limb  of  the  manometer,  and  bearing  a  brush  or  otlier  luarkvr,  be 
brought  to  bear  on  a  travelling  surface,  some  such  tracing  »5  that 
rspresented  in  Fig.  26  will  be  described.     Each  of  the  smaller 
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Th«  miallw  earrmpp  i*  the  puliw-currra.  Tlie  apaoe  Irom  r  to  rembmeca 
k  fMpinlor.T  anrinbiloii-  Ttie  trairiiii;  is  iskpn  (rnin  s  Jog,  and  the  imgnlarilica 
niibl*  in  it  iu*  tliose  (ivqne^ittjr  mvi  with  (u  (bis  animal. 

curves  (p.  p)  corre-iponda  to  a  heart  bent,  the  rise  corresponding  to 
the  sjstolc,  and  the  fall  to  the  diastnlc  of  the  TCntricle.  The  lai:ger 
nndolationti  (r,  r)  in  the  tracing,  which  are  respiratory  in  origin, 
will  be  discussed  han»ft«r.  In  Kig.  27  Me  given  two  tracings 
Utken  from  the  tarolid  of  a  mbbil ;  in  the  lowta-  mirv*  the  record- 
ing aurface  is  travelling  more  rapidly  than  in  Ute  upper  curve ; 
otherwise  the  ctirvea  are  alike  and  repeat  the  general  features  of 
the  curve  from  the  dog. 
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Fn.  ft.    Bloou  I'mkmckb  Cdbtbr  ruiait  tiib  C'asuriu  or  RjuuUT,  niK  TiXB 

MaRKRK    IX   SJkCH  CAUl    KABKIHO   8BC0III>«. 

Dttcription  of  f'xfirrimmt.  Into  n  cniolicl,  or  other  blood  vessel, 
pN))ai«(l  as  «iplaiiieii,  it  Hin»ll  gliias  tubn,  of  suitable  bore,  cslled  a 
<aanaia,  b  lotroduoetl  by  tho  luetliod  deacnbed  above,  and  is  subs»- 
((aeiitly  coiiiiMt«d  by  dimus  of  a  sliort  piece  of  itiOia  rubber  tubing  (Fi^ 
25  i),  anil  u  leadeu  ur  utber  tube  r,  wUtcli  in  at  ouce  flexible  anil  yet  nut 
Gxteniijble,  with  tlie  ilesce inline  limb,  m,  of  the  ninniimctor  or  mercury 
giago.  The  ouinula,  tabe,  itnil  Oriiccmlini;  limb  of  tbe  mnoomet^r  arc 
all  Cllod  with  aonie  flnid  which  tviidii  to  proreiit  clotting  of  tho 
bloodf  the  one  chomn  bning  gminmlly  a  strong  mIiiUod  of  sodium 
bicaiionnlo.  but  olhAr  HuuIh  mny  bn  chospD.  In  order  to  avoid  loM 
of  blood,  «  quantity  of  fiuid  is  injnct^d  into  the  flexible  tube  Buf- 
fideut  to  niw  the  roorciiry  in  tho  oscoiidiuK  limb  of  iba  maiiariK-ler 
to  B  level  B  very  littla  bdow  what  may  be  bufoTL-hiuid  KuuMwd  at 
a»  the  probable  lueaii  prvesure.  Wheu  the  furci^pA  hd  i*  rnmoTcd, 
the  !*'*'**'■■"  "^  ^''"  bluod  iu  the  carotid  i«  traiiHniitt«d  through  the 
lUiihIo  Itibe  tu  the  muiiu muter,  the  level  of  thn  mercury  in  the  ascend- 
ing limb  of  which  Hkc*  •  little,  or  sink*  ■  little  at  first,  or  may  do 
witliwr,  according  to  the  BiicnM  with  which  the  probable  mean  pre*- 
Bvre  haa  been  gniinni,  and  conlinix's  to  exhibit  the  chitracteristic 
OMJllations  aniil  the  exporiiuoat  is  bronght  to  an  cud  by  the  blood 
clotting  Of  otherwise. 

Tmcings  of  the  moranents  of  the  column  of  mercury  in  the  omno- 
meter  inny  bo  takta  eiUMr  on  ■  smokej  surface  of  a  revolving  cylinder 
{V'Vg,  1),  or  by  means  of  ink  on  «  cuntiuuoua  roll  of  paper,  >*  in  the 
Boro  eocnplex  kymo[;r»pb  (I'lg.  28). 

$  98.  By  the  help  of  the  manometer  applied  to  various 
arteries  and  veins  we  learn  the  following  facts: 

(1)  The  moan  blood  prcesuie  is  high  in  all  the  arteries,  bat 
is  KTcatvr  in  thi>  Inr^i-r  nrtc-ncs  nearer  the  henrt  tlian  itt  ths 
smalk'r  arteries  fnrtlivr  from  the  heart;  it  diminishes,  in  fact. 
along  the  arterial   tract  from  the  hvnrt  towards  the  capillariea. 

(2)  The  mean  Mood  prewmre  i*  low  in  the  reins,  but  i»  greater 
in  the  sinaller  veins  nearer  th«  capillaries  than  in  the  larger  veins 
nearer  the  heart,  diminishing,  in  fact,  from  the  capillaries  towards 
the  heart     In  the  brge  veins  near  the  heart  it  may  be  n^afifs^ 
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that  is  to  say,  the  pressure  of  blood  in  tlie  vein  bearing  on  the 
proximal  dcsceudiug  limb  of    the  manometer  may  be  lens  than 
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the  pressure  of  the  atmoeplicrc  on  the  ascendinf<  distal  limb,  so 
that  when  comtDUuication  is  made  between  the  interior  oF  th«  vein 
and  the  muaomvU^r,  the  men^iiry  sinka  in  the  diitt^il  and  rises  in 
the  proximal  limb,  being  snoked  up  towards  the  vein. 

The  manometer  cannot  well  be  applied  to  the  capillaries,  but  we 
may  measure  the  blood  pressure  in  the  cfipillaries  in  an  iudirect  way. 
It  isw>-ll  known  that  when  any  portion  of  the  skin  is  pressed  upon, 
it  becomes  pale  and  bloodk'ss  (  this  is  due  to  thtf  pressure  driving 
the  blood  out  of  the  cupillarios  and  minute  vessels,  and  preventing 
auy  fresh  blood  entering  into  thvm.  By  carefully  invtfstigating 
tho  amount  of  pressure  nereiwary  to  prevent  the  blood  entering 
Umj  rapillams  and  minute  arH-ries  of  ilie  web  of  the  frog's  foot,  or 
of  the  skin  beneath  the  nail  or  elsewhere  in  man,  the  internal 
pressure  which  the  blood  is  exercising  on  the  walls  of  the  capil- 
laries and  minute  art«ries  and  veins  may  be  approximately  deter- 
mined. Id  the  frog's  web  this  Was  k^on  found  to  be  equal  to 
about  7  or  11  mm.  mercury.  In  thv  mammal,  the  capillary  blood 
pressure  is  uaturully  higher  than  this,  and  may  be  put  down  at 
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frota  to  to  20  mra.     It  is,  therafore,  oon.si<lerHblu.  being  grenter 
than  thttt  ia  the  veins,  though  less  than  that  in  the  artvrios. 

(3)  Th«Te  is  thus  a  continued  decHne  of  blood  pn»t!tur«  from 
ibe  root  of  the  aoria,  throu;;h  the  arteries,  capillaries  and  veins  to 
thv  right  Buri«lti.  Wf  find.  howev«r,  on  (.■xamiiiation.  that  the  moat 
lunrkeii  fall  of  pressure  lake4  place  iKawccu  the  small  aneriea  on 
the  one  side  of  Uie  capillarieft,  and  tht;  small  voias  on  the  other, 
tiie  curve  of  pressure  being  somewhat  of  Uus  form  given  in 
Kig.  29,  which  in  aimpl>'  intended  to  shew  tbia  fact  graphically, 
and  baa  not  been  constructed  by  exact  meaaureni«nts. 
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Fin.  39.    Dmosam  or  Tluv>ii  PasMincB. 
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(4)  Id  thtt  art«rie«  this  ni«an  pressure  is  marked  by  oscillations 
oorrespondtug  u>  the  heart  beats,  «ach  oscillation  consisting  of  a 
rise  (incnnisu  of  pressure  above  the  mean)  corresponding  to  the 
systoli;  of  the  ventricle,  followed  by  a  fall  (decrease  of  pressure 
mIow  the  mean)  corresponding  to  the  diastole  of  the  ventricle. 

(5)  These  oscillatious,  which  we  inay  speak  of  as  the  puls«, 
lire  larp*.*!  and  most  conspicuous  in  the  large  arterins  near  the 
li<«rt,  diminish  from  the  lieflrt  towards  the  rapillarics,  and  are, 
under  ordinary  circumsUiuve«,  wholly  absent  from  the  veins  along 
their  whole  extent  from  thv  eapilluries  to  tbo  heart. 

Obviously  a  great  cliange  takes  place  in  that  portion  of  the 
drculatiun  which  comprise.'*  the  irapillaries,  the  minute  arteriea 
luading  to  and  the  minute  veins  leading  away  from  the  uipiilaries, 
and  which  we  may  sl>sak  of  as  the  "  peripheral  nigion."  It  is  hi-rw 
that  a  gn-nt  drop  of  pressure  takes  place  ;  it  Li  here,  also,  that  the 
pulse  di-^a)i{iears. 

§  99.  If  the  web  of  a  frog's  foot  be  examined  with  a  micro- 
aropc!.  the  blood,  as  judged  of  by  the  movements  of  the  corpuscles, 
IS  seen  to  be  passing  in  a  continuous  stream  from  tlie  small 
art«ries  through  the  cJipillaries  to  thv  veins.  The  velocity  is 
gptater  in  th>-  iirteriex  thnii  in  (he  veins,  and  greater  in  both  than 
in  the  capillaries.     In  the  arteries  faint  pulsations,  synchronous 
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with  the  henrt's  beat,  are  frequcDtly  visible  ;  but  these  disappear 
in  thft  capillaries,  in  which  the  How  is  even ;  thai  h,  not  broken  by 
pulsations,  und  this  evenness  of  flow  iei  continued  on  along  the 
veins  so  far  as  we  can  trace  them.  Kot  infretiuentlj  variationn  in 
velocity  and  in  the  di.<)lrihution  of  the  blood,  due  to  causes  which 
will  be  hereafter  discussed,  are  witnessed  from  time  to  time. 

The  character  of  the  flow  throufjh  the  smaller  capillaries  is 
very  variable.  Sometimes  the  corpuscles  are  seen  passing  through 
the  channel  in  single  file  with  great  regularity ;  at  other  times 
thev  may  be  few  and  far  lietween.  Some  of  the  capillaries,  as 
we  nave  said,  ai-e  wide  enough  to  permit  two  or  more  corpiweles 
abreast.  In  alt  cases  the  blood,  as  it  passes  through  the  capilUrj", 
stretches  the  walls  and  expunds  the  tube.  Si'itietiuies  a  corpuscle 
miiy  R^miiin  stationary  at  the  entrance  into  a  capillary,  the  channel 
itself  beiug  for  some  little  di.stance  entirely  free  from  corjiuscles. 
Sometimes  many  corpuscle.**  will  appear  to  remain  stationary  in  one 
or  more  capillaries  for  a  brief  period,  and  then  move  on  again.  Any 
one  of  these  conditions  readily  passes  into  another;  and,  especially 
with  a  somewhat  feeble  circulation,  instances  of  all  of  them  may 
be  seen  in  the  same  field  of  the  mieroseoiie.  It  is  only  when  the 
vessels  of  the  web  au'  nnosnally  full  <>(  blood  that  all  the  capil- 
laries can  he  seen  equally  tilled  with  corpuscles.  The  long.  oval, 
red  corpuscle  moves  with  it«  long  axis  parallel  to  the  stroam, 
occasiomilly  rotating  on  its  long  axis,  and  sometimes,  in  the  larger 
channels,  on  iLi  short  axis.  The  flexibility  and  elasticity  of  a 
corpuscle  are  well  seen  when  it  is  being  driven  into  a  capillary 
naiTower  tlian  itself,  or  when  it  becomcjt  temporarily  lodged  at 
the  angle  between  two  diverging  channels. 

Those,  and  other  phenomena  on  which  we  shall  dwell  later  on, 
may  bo  readily  seen  in  the  web  of  tlie  fn^'s  fool  or  in  the 
strotched-out  tongue  or  in  the  mesentery  of  the  frog ;  and  essen- 
tially similar  phenomena  may  be  observ-ed  in  the  mesentery  or 
other  transparent  tissue  of  a  mammal.  All  over  the  body, 
wherever  capillaries  are  present,  the  corpuscles  and  the  plasma 
are  being  driven  in  a  continuous,  and  though  somewhat  irre- 
gular, yet,  on  the  whole,  steady  flow  through  channels  so  minute 
that  the  passage  is  manifestly  atUsnded  with  considerable  diffi- 
culties. 

It  is  obvious  tlutt  Uie  peculiar  cliaracters  of  the  flow  through 
the  minute  arteries,  opillaries,  and  veins,  affon]  an  explanation 
of  the  grvnt  change,  taking  place  in  the  peripheral  rc^on,  between 
the  •rterinl  flow  and  the  venous  Dow.  The  noited  sectional  are* 
of  the  capillaries  is,  as  we  have  xc«n,  »ome  hundreds  of  times 
greater  than  the  sectional  arua  of  the  aorta :  but  this  united 
sectional  area  is  made  up  of  thousands  of  miutit«  passages,  vary- 
ing  in  man  from  5  to  30  ^  some  of  them,  therefore,  being  in 
an  undistunded  condition,  smaller  titan  the  diameter  of  a  red 
corpuscle.     Even  wei«  the  blood  a  simple  h<iuid  free  from  all 
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corposcles,  thvsv  ostrvnicly  miiiule  [lassogvs  would  occasion  a 
vuy  grual  ninounl  uf  friction,  and  thus  preseot  u  considurable 
obMaclc  or  r«!«uilADce  to  the  How  of  tilood  throufrh  tlieui.  Still 
grmter  utust  be  tlie  friction  and  resistance  occastioned  \>y  the 
actual  iflood  with  its  red  and  white  corpuscles.  The  blood,  in  fact, 
meets  with  great  difficulties  in  iu  pa&sa;;:t.>  through  the  poripht;ral 
region,  and  soiuotioiBS,  lu  wo  shall  sue,  the  friction  and  resistance 
are  so  great  in  Uie  peripbenil  vessels  of  thiti  ur  that  aivu  that  no 
blood  at  all  posses  through  Uiem,  and  an  arrest  of  the  flow  tukos 
place  in  the  ana. 

Thv  n»istanoe  to  the  flow  of  blood  Uiu.t  caused  by  tlte  friction 
geucra(«d  in  so  many  minute  passages  is  one  of  thi^  most  iniportani 
physical  facts  in  the  circulation.  In  the  large  arteries  the  friction 
is  small;  it  increases  gradually  aa  they  divide,  but  receives  its 
chief  and  most  important  addition  in  the  minute  arteries  and 
capillaries  :  it  is  relatively  greater  in  the  minute  arteries  than  In 
the  capillaries  on  account  of  the  How  being  mure  rapid  in  the 
former,  fur  friction  diminishtis  mptdly  with  u  diminution  in  the 
rate  of  flow.  Wc  may  spuuk  of  it  tut  the  '  peri[>heral  friction,* 
and  the  resistance  which  it  offers  as  ilitj 'p«ri)j)icral  resistance.' 
It  need,  perhaps,  hardly  In?  Kaid  that  this  periphttral  resistance 
not  only  opposes  the  How  of  blood  through  the  capillaries  and 
misute  arteries  themselves  where  it  is  generated,  but,  working 
liackwards  along  the  whole  arterial  system,  has  to  be  overcome 
by  the  heart  at  each  eystolo  of  the  ventricle. 


fft/drautic  Prineijdex  of  tke  Circulation. 

§  100.  In  the  circulation,  then,  the  following  three  facts  of 
fundamental  importance  are  met  with : 

1.  The  systole  of  the  ventricle,  driving  at  interrals  a  certain 
quantity  of  blood,  with  a  certain  force,  into  the  aorta. 

2.  Th*;  pt-riplicral  resistance  just  described. 

3.  A  long  stretch  of  elastic  tubing  (the  arteries),  reaching 
from  the  ventricle  to  the  region  of  periplicral  rcsistnnce. 

From  the«e  facts  we  may  explain  the  main  phenomena  of  tb« 
circulation,  which  we  have  previously  aketched,  on  purely  physical 
principles,  without  any  appeal  to  the  special  properties  of  living 
tisanes,  beyond  the  provision  that  the  ventricle  remains  capable 
of  good  rhythmical  contractions,  that  the  arterial  walLs  retain 
their  elasticity,  and  that  the  hiction  between  the  blood  and  the 
liuiug  of  the  peripheral  vesaels  remains  the  same  ;  we  may  thus 
explain  the  hi<;h  pit:s«uru  and  pulsatile  flow  in  the  arteries,  the 
st^uly  stream  through  the  capillaries,  the  low  pressure  and  the 
uniform  pulseless  flow  in  the  veins,  and,  finally,  the  continued  flow 
of  tlie  blood  from  the  aorta  to  the  mouthtt  of  t!ie  ven.ir  cars. 

AU  the  above  phenomena  in  fact  are  the  simple  results  of  an 
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inlvrinilt«nt  for^-e  (like  tlial  of  the  systole  of  the  ventricle)  working 
in  11  closeii  circuit  of  branching  tubes  so  arranged  that,  while  the 
individual  tubes  first  diminish  in  calibre  (from  the  hwirt  to  tha 
capillaries)  and  then  increase  (from  tint  cupilltirius  to  the  heart), 
the  area  of  the  bed  firsl  iiicruiisL-s  and  thvn  diminishes,  tho  tubt^s 
tojjiether  thus  forming  two  conos  placed  base  Ui  base  at  the  capil- 
laries, Willi  their  npice;*  converging  to  tln>  heart,  and  pn^sentiiig 
at  their  cmijoiufd  bases  a  conspicuous  peripheral  resistance,  the 
tubing  on  one  side,  the  arterial,  being  eminently  elastic,  and  on 
the  other,  the  venous,  aBbrding  a  free  and  easy  parage  for  the 
blood.  It  is  the  peripheral  resistance  (for  the  resistance  offered 
by  the  friction  in  the  lai^ger  vessels  may,  when  compared  with 
this,  be  piactically  neglected),  ruactinp  through  the  elastic  walls 
of  tJie  artoiies  upon  the  iut'Tinittcnt  forcv  of  the  heart,  which 
gives  the  circulation  of  the  blood  it-*  pei;iiliar  featur(-». 

5  101.  Circuniglanres  lietiTinrninri  tkr  riiarnr.trr  of  Ihr  Jlom. 
When  tluid  is  driven  by  an  intermittent  fonve,  as  by  a  pump, 
through  a  [)erfectly  rigid  tube,  such  as  a  glass  one  (or  a  avsteni  of 
such  tubes),  there  escapes  at  each  stroke  of  the  pump  from  the 
distal  end  of  the  tube  (or  system  of  tubes)  just  as  much  fluid  as 
enters  it  at  the  proximal  end.  What  happi-na  is  very  like  what 
would  happen  if.  with  a  wide  glass  tube  completely  lillud  with 
billiard  balls  lying  in  n  row.  nu  additional  ball  were  pushed  in  ftt 
ono  end ;  each  ball  would  be  pushed  on  in  turn  a  stage  further, 
uid  the  la«t  ball  at  the  further  end  wowld  twndde  nut.  The 
escape,  moreover,  takes  place  at  the  same  time  as  the  entrance. 

This  rt'.sult  remains  the  same  when  any  resistance  to  the  How  ia 
intrmiiiced  into  the  tube,  as,  for  instance,  when  the  end  of  the  tuba 
is  narrowed.  The  force  of  the  pump  remaining  the  same,  the 
introduction  of  the  rusiiftancc  undoubt«'dIy  lessens  the  (quantity 
of  lluid  issuing  at  the  distal  end  at  each  stroke,  but  it  at  tint 
same  time  lessens  the  quantity  entering  at  the  proximal  eud ; 
th<-  indow  and  outflow  remain  equal  to  each  other,  and  still  occur 
at  the  same  time. 

In  an  elastic  tube,  such  as  an  india  rubber  one  (or  in  a  system 
of  such  tubes),  whose  scctiuual  area  is  sufhcicntly  great  to  offer 
but  little  resistance  to  the  progress  of  the  fluid,  the  Row  caused 
by  au  intermittent  force  is  also  iuterinittcut.  The  outflow  bciug 
nearly  as  easy  as  the  inflow,  the  elasticity  of  the  walls  of 
the  tube  is  scarcely  at  all  cilled  into  play.  The  tul>e  beha\'es 
practically  like  a  rigid  tube.  When,  however,  sufficient  rt-sistanoe 
ts  introduced  into  any  part  of  the  course,  the  fluid,  being  unable 
to  pass  by  tho  resistance  as  rapidly  as  it  enters  the  tube  from 
the  pump,  tends  to  nccumulatu  uu  the  proximal  side  of  the  re- 
sistance. This  it  is  able  to  du  by  expanding  the  elastic  walls  of 
the  tube.  At  each  stroke  of  the  pomp  a  certain  quantity  of  fluid 
enters  the  tub'!  m  tho  proximal  end.  Of  this  only  a  fraction  t-an 
pass  through  the  resistance  during  the  stroke.     At  the  moment  when 
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the  stroke  ceases,  the  rest  still  reDiaios  on  the  proximal  side  of  the 
resiataDce,  thu  elastic  tube  haviti];  expanded  to  receive  it  Durins 
the  ioterval  botwecti  this  tiod  tliu  next  stroke,  tliu  distended 
elastic  tabu,  $trivin<;  to  nituru  lo  its  nnluntl  uudistuiided  coq- 
dittori.  pn.-J4»«!t  on  thJi^  i-xtra  ijuantity  of  fluid  which  it  contains 
and  t«n<Itt  to  drive  it  past  the  n>sUtanc«. 

Thus  in  the  rigid  tub(>  {and  in  the  elastic  Cube  without  the 
n^ftintance)  there  issues,  from  the  distal  end  of  the  tube,  at  each 
stroke,  juat  as  much  fluid  as  enters  it  at  the  proximal  end,  while 
between  the  strokes  there  is  perfect  <tuiet  In  the  elastic  tube 
with  resistance,  on  the  contrary,  the  i|unntity  which  passes  the 
rvqistiinm  is  only  R  fiuction  uf  that  which  i.-ntt.Ts  the  tube  (mm 
the  pump  at  any  one  stroke,  the  roinainder  ur  a  ]>ortiuu  of  the 
remainder  continuing  to  pag.i  during  the  interval  betwi-cn  tlie 
strokes.  In  the  former  case,  the  tube  ix  no  fuller  at  the  end  of  the 
stroke  than  at  the  beginning ;  in  the  Latter  ca^e  there  is  an  accu- 
muliUion  of  fluid  between  the  pump  and  the  resistance,  and  a 
corieeponding  distension  of  that  part  of  the  tube,  at  the  close  of 
each  stroke,  —  an  accumulation  nnd  distension,  however,  which  go 
on  diminishing  during  the  inU-Tval  between  that  stroke  and  the 
next.  The  amount  o(  fluid  thuH  remaining  after  the  stroke,  will 
depend  on  the  omount  of  re^istAnce  in  relation  to  the  torci'  of  the 
stroke,  and  on  tlie  diMtenKihility  of  the  tube ;  nnd  the  amount  which 
passes  the  resistance  l>efore  the.  next  stroki;  will  depend  on  the 
degree  of  elastic  reaction  of  which  the  tube  is  capable.  Thu:*,  if  the 
resiatanoe  be  very  considerable  in  relation  to  the  force  of  the  stroke, 
and  the  tube  very  distensible,  only  a  small  portion  of  the  fluid  wilt 
pass  the  resistance,  the  greater  part  remainmg  lodged  bQtwi3en  the 
pomp  and  the  resistance.  If  the  elastic  reaction  be  great,  a  large 
portion  of  this  will  be  passed  on  through  the  resistance  before  tlie 
next  stroke  ctuncs.  In  other  words,  tlie  greater  the  rv^istance  (in 
Tvlution  to  the  force  of  the  stroke),  and  the  more  the  clastic  force 
in  brought  into  play,  the  te^s  intermittenU  the  more  nearly  couti- 
tiuous,  will  be  the  How  on  the  far  side  <>(  the  resistance. 

If  the  first  stroke  be  succeeded  by  a  second  stroke  before  it« 
quantity  of  fluid  has  all  passed  by  the  resistance,  there  will  tie  an 
additional  accumulation  of  fluid  on  the  near  side  of  ttie  resistance, 
an  additional  distension  of  the  tube,  an  additional  strain  on  its 
elastic  powers,  and.  in  consctjuence.  the  flow  between  this  second 
stroke  and  tlm  third  will  lie  even  more  marked  than  that  between 
the  first  and  the  ^-cond.  tliough  all  thrve  6troki.*s  were  of  the  same 
force,  tlie  addition  tieing  due  to  the  extra  amount  of  elastic  foroo 
called  into  play.  In  fact,  tt  is  evident  that,  if  there  be  a  sufficient 
store  of  elaatic  power  to  fall  back  upon,  by  continually  repeating 
the  stroke*  a  state  of  things  will  he  at  ia.4t  arrived  at,  in  which  the 
eUstic  force,  called  into  play  by  the  continually  increasing  dis- 
tension of  the  tube  on  the  near  side  of  the  resistance,  will  bo 
snfficieDt  to  dnve  through  the  resistance,  between  each  two  strokes. 
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just  as  much  fluid  as  eutt-TE  the  near  cud  of  the  systviu  ut  each 
stToku.  In  othvr  woHk.  ihe  t;liistic  rviiciiou  of  the  walls  of  the 
tube  will  havij  converted  thfi  intermitleiit  int«)  a  conliiinous  flow. 
1'he  How  on  the  far  side  of  the  resiatanci^  ixiu  thin  cniie  not  ihu 
dirtct  result  of  the  strokes  of  the  jjump.  The  force  of  the  pump 
i«  spent,  first  in  getting  up,  and  afterwards  in  keeping  up  the 
diatennion  of  the  tube  on  the  near  side  of  the  resistance;  the 
immediate  cause  of  the  continuous  tlow  tieJs  iu  the  distension  of 
the  tube,  which  leads  it  to  empty  itself  into  the  far  side  of  the 
resistance  at  such  a  rate  that  it  diBcharges  through  the  resistance 
during  a  stroke  antl  in  the  succeeding  Interval  just  as  much  as  it 
receives  from  tlie  ]iiinip  liy  the  stroke  itself. 

This  is  exdctly  whiit  takes  place  in  the  vascular  system.  The 
friction  in  the  minute  arteries  and  capillaries  presents  a  consider- 
able resistance  to  the  tlow  of  blood  tJirough  them  into  the  small 
veins.  In  consequence  of  this  resistance,  the  force  of  the  heart's 
beat  is  spent  in  maintaining  the  whole  of  the  arterial  system  in  a 
state  of  ^reat  distension  ;  the  arterial  walls  are  put  greatly  on  the 
stretch  by  the  pressure  of  the  blood  thnist  int"  them  by  the  re- 
peated strokes?  of  the  heart;  this  is  the  pressure  whjih  we  spoke  of 
above  as  blood  pre».snrft.  The  greatly  di,itended  arterial  system  is. 
by  the  elastic  reaction  of  its  elastic  walla,  continually  tending  to 
empty  itself  by  overflowing  throngh  the  capillaries  into  the  venous 
system  :  and  it  overflows  at  such  a  rate,  that  just  as  much  blood 
passes  from  the  arteries  to  the  veins  during  each  systole  and  its 
succeeding  diastole  as  enters  the  aorta  at  eneh  systole. 

§  102.  ludeed,  the  importnnt  facts  of  the  circulation  which 
we  have  as  yet  studied  may  be  roughly  but  successfully  imitated 
on  an  artificial  model.  Fig.  30.  in  which  en  elastic  syringe  repre- 
sents the  heart,  a  long  piece  of  elastic  India  rubber  tubing  the 
arteries,  another  piece  of  tubing  the  veins,  and  a  number  of 
smaller  connecting  pieces  the  minute  arteries  and  capillaries.  If 
these  connecting  pieces  be  made  at  first  somewitat  wide,  so  as  to 
offer  no  great  resistance  to  the  flow  from  the  artificial  arteries 
to  the  artificial  veins,  but  bo  so  arranged  that  they  may  be  made 
narrow,  by  the  screwing-up  of  clamps  or  otherwise,  it  is  possible  to 
illustrate  the  behaviour  of  the  vascular  mechanism  when  the  peri- 
pheral resistancfl  is  less  than  usurd  (and  as  we  shall  sec  later  on.  it 
is  pf)s:5ible  in  the  living  organism  either  to  reduce  or  to  increase 
what  may  be  considered  as  the  normal  jH^Hplieral  resistance),  and 
to  compare  that  behaviour  with  the  behaviour  of  the  mechanism 
when  the  peripheral  resistance  is  increased. 

The  whole  apparatus  l>eing  placed  flat  on  a  table,  so  OS  to 
avoid  differences  in  level  in  different  parts  of  it,  and  filled  with 
water,  hut  so  as  not  to  distend  the  tubing,  the  two  manomet^ra 
attached,  one.  A,  to  the  nrterinl  side  of  the  tubing,  and  the  other, 
V,  to  the  venous  sid",  ought  to  shew  the  mercury  standing  at 
fit^ual  heights  in   both  Umbs  of  both  instruments,  since  nothing 
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but  the  j>resaar«  of  thv  atinoapliere  is  bearing  mi  Uie  lluid  iu  tt>e 
cubes,  and  that  viitmlly  all  over. 


Xx>^ 


Fiu.  30.    Artkhixi.  SrirsMK. 

P,  mnRli»'l«d,  U  ><]  Kliwtic  liihf  to  lojiroKnc  tha  arterljd  vjvlcn)  hnnfhlnjt  m 
XbimI  Y,  >ii<1  fudiiiK  III  tho  roK'xii  •>(  poilfhorBl  roiitaneo.  iQclodiiift  (hf  capiUiiriai, 
vbkli  BIV  imiulvi!  %  flllliiK  lounoly  oilh  (iniiU  plcccii  of  upolittD  the  parU  ihcurii  m 
dilatod  iv  t(>"  Hjfiiro.  I'iic  c;i|>miLriGi  ikiv  f^tbcml  up  iuto  the  t^hoiu  tvacf<in.  ntuflcU, 
■titrh  Ivniuitotc*  aI  O  \ViktGr  l*  <lrivf-n  iuto  1}k  nrtt^ria-i  hyateni  at  /'  bv  nuMkiu  of 
■s  #ImiIc  Imjt-tjriugc,  or  an/  oilior  (nrm  of  pump.  Clniiip*  aro  ptncotl  ou  ihe 
niiililitMl  tnlioa  i.  c'.  c",  Wbon  iheMi  I'laiiipti  aru  tiK^tvui."!.  ilip  mily  iiccihii  lot  the 
■HWr  truRt  the  aitcrinl  to  the  tchoiu  aiJn  i*  tlirough  the  tliistcil  pnru  Hlloil  with 
•niiipi,  which  oBcr  it  connderablo  nainliLiifi!  tu  ih<>  How  of  Itiiiil  thruai;h  iham. 
Wbsa  the  dnoipa  •ni  nDlocsod  the  fluiil  {Uoumt.  with  mui'h  I<!h  retiistniin',  throiigh 
th»  wail  Ikied  tubes.  Thu*  bjr  tixhteainK  <f  luuMuin^  lh»  cljiiupt  tha  "  peription] " 
i»it«iifi  nwf  be  infreiunl  uolinuidriMdu  pleMur* 

At  .1.  on  the  ancrial  Ncle,  anil  M  K  on  the  tcdoiu  *lile.  miuioinal«n  foil  ha 
auachniL  At  ii  >nil  i'  (Anil  alio  al  i  auil  y)  bj  moitna  »f  I'lamp)^  iha  flow  nt  fluid 
tnint  aa  anory  and  (rum  a  re'ia.  under  varions  condiiioiu.  may  be  oUnrvod.  At  Sa, 
S'a,  and  Sr,  iphyxmosnphi  mnj'  be  applied. 

If  now,  tlie  coiinectiug  pieo&s  I>ei»g  froi^ly  open,  that  ia  to  say, 
the  peripheral  reaUtance  being  very  little,  wu  tmitalo  a  veutrtcuuir 
bent  by  the  otroke  of  the  pump,  we  shall  ohtterve  the  following. 
Aliniiat  imme-liately  aftt-r  the  stroke  the  mercury  in  the  arterial 
luamomeU'r  will  rise,  but  will  at  once  fall  again,  and  very  shortly 
■fterwanla  the  mercury  in  tho  venous  tube  will  in  a  similar  manner 
rise  anil  fall.  If  wv  rvp<.-at  the  BtTok<!s  with  a  not  too  rapid  rhythm, 
each  stroke  having  the  sam^'  (orcv,  niid  make,  as  ntay  by  a  simple 
contrivauce  bv  ulToctvd,  the  two  mnnouii^t4;r^  writd  on  the  same 
recording  surface,  we  shall  obtain  curves  like  tlmse  of  Fig,  31, 
.-f  and  Fl  At  each  stroke  of  the  pump  the  mercury  in  the 
an«rial  inauoineter  rises,  but  forthwith  falls  a^ain  to  or  nearly  to 
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iiiK  base  line ;  no  mean  arterial  prtissiitr.  or  very  little,  is  estftb* 
lishud.     The  cuotouts  of  the  venlriclc  (syniiye)  tlimwn  iuto  the 


FlO.  31.     TlUCIHO*   T*RKI*    PUOtl   Ait   JLKttriCt*!,  M:illtMK  WlTtl  TIIK   PKRtrilKH.lI. 

A,  ArCcrinl.     I'.  VeiiouB  Maumnoler.    Thi>  li};urv.  U>  wlvc  ipstu.  »  on  n  siiiiUlrr 
(calc  ihu  tho  curmpuniling  Fig.  3S. 

arltjrial  system  distend  it.  but  the  passage  through  the  peri- 
pheral region  is  so  free  that  an  ptjiial  (luantity  of  fluid  passes 
through  to  the  veins  inimedifttely.  nnd  hence  the  mercury  at 
once  falls,  But  the  Huid  thus  passing  easily  into  the  veins 
dist«nd;«  tliesii  too,  and  thi^  mereury  in  tlieir  manometer  rises 
too,  but  only  to  fall  a^iain,  an  a  corresponding  (|unnt)ty  issues 
from  the  ends  of  the  veins  into  Uie  basin,  whicli  serves  as  nn 
artificial  auricle.  Now  introduce  "peripheral  resistance '  by  screw- 
ing up  the  clampa  on  the  connetting  tubes,  and  set  the  pump  to 
work  again  as  before.  With  the  first  stroke  the  mercury  in  the 
arterial  manometer.  Fig.  32.  A',  rises  as  before,  but  instead  of 
falling  rapidly,  it  falls  slowly,  because  it  now  takes  n  longer  time 
for  a  quantity  of  fluid  ei|Hsl  to  that  which  has  licen  thrust  into 
the  arterial  system  by  the  veiilricnlar  stroke  to  yaitx  through  the 
DMlowed  peripheral  region.  Bcfoi"e  the  curve  has  fallen  to  the 
Imu  linCi  before  the  arterial  .tyi^tem  has  had  time  to  discliar^ 
through  the  narrowed  peripheral  region  as  much  fluid  an  it 
received  from  the  ventricle,  a  second  stroke  drives  more  fluid  into 
the  arteries,  distending  them  this  time  more  than  it  did  before, 
and  raising  the  mercury  to  a  still  higher  level.  A  third,  a  fourth, 
and  succeeding  strokes  produce  the  same  effect,  except  that  the 
additwnat  height  to  which  tho  mereurj'  is  raised  at  each  stroke 
becomes  nt  each  stroke  less  nnd  less,  until  a  state  of  things  is 
renched  in  which  the  mercwry.  being  on  the  fall  when  the  stroke 
takes  place,  is  by  the  stroke  raised  just  as  high  a.*  it  was  before,  nnd 
then  beginning  to  fall  again,  is  again  raised  justas  high,  and  so  on. 
With  each  succeeding  stroke  the  arterial  system  ha-s  bt-comc  more 
and  more  disti-nded  ;  but  the  more  distended  it  is  the  grenU'r  is 
the  elastic  twaetion  brought  into  play.  This  greater  elastic  reaction 
more  and  more  overcomes  the  obstacle  presented  by  the  peripheral 
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reoistanoe,  itnd  drives  th«  fluid  iDoni  and  aiora  rupidly  through 
the  peripheral  region.    At  lust  the  urt«rial  syslein  is  s<>  distended, 


_^ 


V 


Fia  33.    TRACtsoa  TiKtw  nuiH  ai  ASTifioitt  wkehr  with  ihc  rkRiPiiKiikt. 

IIB»I»T^KCC  COS0IIiBHADI.lt- 

A'.  Arterial.  I",  Venoo*  MADoin«ter. 

and  the  force  of  the  elastic  reaction  so  great,  that  during  the  stroke 
tnd  Uie  SDcoeediQg  interval  just  an  much  fluid  pai«ttos  lhroi:gh  (he 
peripheral  region  aa  enters  the  arteries  at  tike  stroke.  In  other 
wnril-s  the  repeated  strokes  have  estfiblished  a  mean  arterial  pre»- 
Riinr  which  nt  thf  point  wht-re  thu  ninnonieier  U  affixed  is  raised 
iili}:htlv  at  each  vtiutiicuhir  slrukv,  and  falls  eqnalty  between  the 
strokes. 

TuruiDg  now  to  the  venona  manometer.  Fig.  32  P,  we  ob- 
serve that  c«c!i  Ktrokn  of  the  pump  prodnees  on  this  much  less 
eSi-ct  than  it  did  bt^fore  the  introduction  of  the  increased  peri- 
phvTsl  r«»istanci«.  The  mercur>-.  in<-t»ad  of  distinctly  rising  and 
falling  at  each  stroke,  now  shews  nutliin";  oion^  than  very  gentle 
undulation.') ;  it  feels  to  a  very  .Miyht  di-j-rw  only  the  direct  efTi-ct 
of  the  ventricular  stroke;  it  is  simply  raised  slightly  nhove  the 
base  line,  and  remains  fairly  8t«ady  nt  this  It-vcl.  The  slight  rise 
marks  the  mean  pressure  exerted  by  the  fluid  at  the  place  of 
attachmeat  of  thit  manometer.     Thi.«  mean  '  vcnoiu'  pre«snre  is  a 

^continuation  of  the  mean  arterial  pressure  .so  obvious  in  the  arterial 
manometer,  hut  is  much  less  thnn  that  because  a  large  part  of  the 

I  arterial  mean  pressure  has  been  expended  in  drivti^  the  fluid  past 
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the  peripheral  resistance.  What  remains  is,  however,  sufficient 
to  drive  the  fluid  aloug  the  wide  venous  tubing  right  to  the 
open  i^nd. 

Thus  this  artificial  nio<lel  may  he  made  to  illustmte  how  it 
comes  about  Uiat  the  Vdood  flows  in  tlie  arlerifts  at  a  relatively 
hifjli  prt'.siiiin'i;.  which  at  each  ventricular  systole  ia  raised  slightly 
ftlwve,  and  at  each  diastole  falls  slightly  below  a  certain  mean 
level,  and  flows  in  the  veins  at  a  much  lower  pressure,  which  does 
not  shew  the  immediate  eflect  of  voch  heart  beut. 

If  two  manometers,  instead  of  ont-.  were  attached  to  the 
arterial  systL-m,  one  near  the  puuip  imd  the  other  farther  off.  close 
to  the  periplieral  resistance,  the  pressure  shewn  by  the  near 
manometer  would  be  found  to  bo  j;'''^*ter  than  that  shewn  by 
the  far  one.  The  pressure  at  the  far  point  is  less  because  some  of 
the  pressure  exerted  at  the  near  point  has  been  used  to  drive  the 
fluid  from  the  near  point  to  the  far  one.  Similarly  on  the  venous 
'  side,  a  manometer  placed  closed  to  the  peripheral  region  would  shew 
a  higher  pressure  than  that  shewn  by  one  farther  ofl'',  because  it  ia 
the  pressure  still  remaining  in  the  veins  near  the  capillaries  which, 
assisted  as  we  siiall  see  by  other  events,  drives  the  blood  onward 
to  the  larger  veins.  The  blood  jiressure  is  ut  its  highest  at  the 
rout  of  the  aorta,  and  at  its  lowest  at  the  mouths  of  the  venre  cavie, 
and  i-s  falling  all  the  way  from  one  point  tn  the  other,  because  all 
the  way  it  is  being  used  up  to  move  the  blood  from  one  i>oint  lu 
the  other.  The  great  drop  of  pre.tsnre  is,  as  we  have  said,  in  the 
peripheral  region,  because  more  work  has  to  be  done  in  driving 
the  blood  through  this  region  than  in  driving  the  blood  from  the 
heart  to  this  region,  or  from  this  region  to  the  heart. 

The  manometer  on  the  arterial  side  of  the  model  shews,  ns  we 
have  seen,  an  oscillation  of  pressure,  a  pulse  due  to  each  heart 
bent ;  and  the  same  pulse  mny  be  felt  by  jilacing  a  finger  or  rendered 
visible  by  placing  a  light  lever  on  the  arti-rinl  lube.  It  may 
further  be  seen  thut  this  pulse  is  most  marked  near^^st  the  pump 
and  becomes  fainter  as  we  pass  to  the  jwriphery ;  but  we  must 
reserve  the  features  of  the  pulse  for  a  special  study.  On  the 
venous  side  of  the  model  no  pulse  can  be  detected  by  the  mano- 
meter or  by  the  finger,  provided  that  the  peripheral  resistance  be 
adequate.  If  the  peripheral  resistance  be  diminished,  as  by 
unscrewing  the  clamps,  then,  as  necessarily  follows  from  what  has 
gone  before,  the  pulse  passes  over  on  to  the  venous  side ;  and, 
OS  we  shall  have  occasion  to  point  out  Inter  on,  iu  the  living 
organism  the  peripheral  re,sisUnee  in  particular  areas  may  be  at 
times  so  much  lessened  that  a  distinct  pulsation  appears  in  the 
veins. 

If  in  the  model,  when  the  pump  is  in  full  swing,  and  arterial 
pressure  well  established,  the  arterial  tube  be  pricked  ot  cut,  or 
the  small  side  tube  «  be  openod,  the  water  will  gush  out  in  jets,  as 
docs  blood   front  a  cut  artery  in  the  living  body,  whereas  if  the 
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venouA  tube  be  niniilnrly  pricked  or  cut,  or  the  small  tuU-  v  be 
opened,  the  water  will  itjaiply  onze  i>ui  or  well  up.  as  docs  blood 
from  a  vein  in  the  living  body.  If  the  arterial  tube  be  ligatured,  it 
will  swell  on  the  [lumpside,  and  shrink  on  the  peripheral  aide  ;  if 
the  venous  tubu  Ir-  lij^iitur^-d,  it  will  swell  on  the  side  nearest  the 
Opillarics  nnd  shrink  on  lliv  other  side.  In  shurt,  the  dead  model 
will  mIiow  nil  the  niaiii  lavti  uf  the  circulutiuQ  which  v/u  havu  as 
yet  described. 

§  103.  In  the  living  body,  however,  there  are  certain  helps  to 
the  cireulation  which  cannot  be  imitated  by  8uch  a  model  without 
introducing  great  and  undesirable  complications ;  but  these  chietly 
affect  the  flow  along  the  veins. 

The  veins  are  in  uiany  places  provided  with  valves  so  con- 
structed as  to  ofl'er  little  or  uo  resistaiicL-  to  the  llow  friim  the 
capillaries  to  the  heart,  but  effectually  to  block  n  rvturn  towards 
the  cApillarieit.  Hence  any  external  pressure  brought  to  be*r 
upon  A  vein  tendx  to  help  the  bhxid  to  move-  forward  towards  the 
heiirt.  it)  the  various  movements  carried  out  by  the  skeletal 
iiitttcl«a,  such  an  external  pressure  is  brought  to  l>ear  on  many  of 
the  veins,  aud  hence  these  movements  assist  the  circulation. 
Even  passive  movements  of  the  limbs  have  a  similar  effect. 

The  flow  nlonj;  tlio  Inrjje  veins  of  the  abdomen  ia  assisted  by 
the  pressure  rhythmienlly  brought  to  bear  on  llicm  through  the 
movemonts  of  the  diaphragm  in  brtrnthing,  os  wvll  ns,  at  times,  by 
the  forcible  contractions  of  the  abdominal  mu.vrles.  Again,  the 
movemenis  of  the  alimentary  e»nftl,  carried  out  by  mean»  »f  plain, 
muscular  tit<--«ue,  promote  the  (low  nloug  the  veins  coming  frnni 
that  canal,  and  when  we  come  to  study  the  spleen  we  shall  see 
that  the  plain,  muscular  fibres,  which  are  so  abundant  in  that 
oi^an  in  some  animals,  serve  by  rhythmical  contractions  to 
pump  the  blood  regularly  Bway  from  the  spleen  along  the  splenic 
veins. 

When  wc  come  to  deal  with  respinition,  wi;  shnll  sce  that  each 
ODlargementof  the  i^he.tt  constituting  an  inspiration  tends  to  draw 
the  blood  townrd.4  the  che.tt,  and  each  return  or  retraction  of  the 
chest  walls  in  expiration  has  an  opposite  effect,  and,  if  powerful 
enongh,  may  drive  the  blood  away  from  the  chests  The  arrange- 
ment of  the  valves  of  the  heart  causes  this  action  of  the  respuutory 
pump  to  promote  the  flow  of  blood  in  the  direction  of  the  norma] 
circulation  ;  and,  indeed,  were  the  heart  perfectly  motionless  the 
Working  of  this  rcspirat^ory  pumjt  alone  would  t*'nd  to  drive  the 
blood  from  the  vena-  cava*  through  the  heart  into  the  aorta,  and  so 
to  keep  up  the  circulation  ;  the  force  so  exerted,  however,  would, 
without  the  aid  uf  the  heart,  he  able  to  overcome  a  very  small 
part  cnly  of  the  re.<)istanc«  in  the  cnpillnrieH  and  small  vesaelB  of 
the  lungs,  and  so  would  prove  actuallv  ineffectual. 

There  are.  then,  several  helps  to  the  flow  slong  the  veins,  but 
it  most  be  remembered  that  however  useful,  they  ntv  helps  utily 
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lepeatcdl}-  lilUxl  uid  KSIltiil  in  succpMinn.  Vroai  the  length  of  tiiuo 
it  Lnkca  to  lill  t)ut  bulb  a  certain  iiiinilwr  »!'  tiim-^  tlii>  tl«n*  tlinrngL  tha 
»rt4?>7  u  calculnti:)!. 


It 


// 


hft.tL    UtCiVTIu'ii  STMHtiniK  A>tl  A  Dt40K«Ma*riCHBI-ltMENTAnnNor  TUKMHIC. 

(iiuiA  U  fti  into  the  ciuiliuln!  pIictNl  rvspvt'liX'ly  iiil"  llxt  [inixiiii^  ami  ilialal 
lolvdl  of  the  utt-ry  UEirtvr^xunuiNliuu  /'  in  %  n\vt%\  illm'  rcfvotviuK  tm  A  louiT 
■inilirdiK  £,  A  iiuil  /f  are  eliim  t>iill»  (wliit-li  <.'su\  l>«  Kllt^il  itiruuKli  L)  ll>nil  U|i>iu 
^.  AtUfoHly  uf  .1  <i|i  111  thr  iiMck  I  ii  k(>i>wii,  M'-W*  .trn  tmiod  (limuKli  /J  mid 
£  ip  iBch  a  war  IhHl  iii  lliu  [■Ailiuii  xlti-wii  in  Ihu  IlKiiro  lluiit  iiami^h  (rum  G 
flnath  a  aaA  a  into  ,1,  >ii<l  »•  tiv  Ii,  li  and  t'  ut  II.  II  Ihu  diif  /j  bo  lunicd 
te<|k  txi  rii;lil  :iiii!)iv,  lluiil  |ijum»  Imii  >■'  tu  f'  and  lU)  by  li.  -H.  nod  a  to  ti'.  If 
itouiTBnl  tkriRKh  iitm  ri)(lii  angle  only  Iho  fluid  pnMii  ditctUy  from  <>  tu  // 
WfcBl  •ainnnjt  lli«  Inxlln  lit  all  .1  i*  flllfid  wiih  iiuro  oil  a\\  to  ilio  mark  i.  U 
>iU  ittUtfiiiamJ  Wuixl  "l'h«  hlood  i*  nllimcid  to  flow  [roin  O'  into  A  uiitjl  ilio 
«Wp  ■>(  ika  oil  U  drivnii  imo  /J.  tlio  do fllirinmcd  biuoj  otmpjing  wlikli  i>  drivi-ii 
Miff  "ncm.  bj  a  rapid  tarn,  die  |>(i«[ion  of  .4  uud  li  a  rovcrKil.  and  tliu  uil 
I  lark  into  .1 .  then  Oj^oia  by  anmlicr  mm  iiiu'k  Iruin  .1  into  H.  mid  ao  uu 
1  tkdlox  noiw  the  ohdmuioli.  Thp  timer  which  ii  inkvs  tht'  fl'iH'  throutfli  '' 
M*  4  4  (^  M  IM  mark  i|  altciniiit'ly  with  bloud  ni>d  oil,  bciug  ttiiiB  dirlrrniiiii-'l. 
^^  liwi*!  art* uf  <1  and  Iho  capiurity  uf  .4  briug  Lii-.iHii.  tbu  tclui-ity  »(  tlis  Huw 
I  S  ma;  ba  calculal«d.  • 

IV  UanuUchciiiii^tnr  uf  Viinmil  i»  constnictoil  on  Uie  principle  of 
Xktv  rolonity  .rf  thn  cwrrcnt  by  obeerviii;;  ili.-  Mmouiit  of  jevia- 
inixiei^w  by  a  ]mi><lulum,  the  free  end  of  which  honga  loowly  iii 
'■mm. 

li  uintriiinenl  ba«e'l  on  the  taxav  principle  liai  Ikmiii  invnntcil  liy 

■n  Hiitl   impruTed   hy  Ijirtot.  Fi«.  34.     A  simicwlmt  widn  tube. 

■••B  «f  wbtcfa  is  at  oiw  poiuL  tniniiosiMl  of  au  iivlin  riibhcr  nuMnlininc, 

'  Mwiitetd  betweoD  Lli«  Im'u  ctil  Riidn  of  nn  :irtiiry.     A  Ixng,  liglit 

the  indiu  mhbur  incnibrunu.     Thn  ithort,  itxpnodeil  arm  of 
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thiN  lever  projecting  within  the  tube  (and  corresponding  to  the  pendulum 
of  Vieronit's  iiiatruinwit)  is  tuovod  un  in  fiilcrum  in  the  india  mbber 
rini;  hy  the  currt^iit  uf  bluod  pnsaiiig  thrutigh  ilta  Iu)m),  llio  );real«r  Ifau 
veluuity  of  tlie  cuireiil,  the    Mrger  being  the  exciiniou  of  ihn  lever. 
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Pre.  34.    ^xMjttxcuavi  !i.u  .<r  CnxXTTnAV  um  Lartct. 

The  movements  of  the  short  arm  give  rise  to  corredjiotiOinK  moveinenU 
in  the  opposite  direction  of  the  long  arui  outaiile  tin.-  Inht-,  nni!  Uimc, 
by  ineatis  of  a  niai'ket  attached  to  the  eiiit  of  Itii:  hiti)c  iirtu,  iniiy  bo 
directly  inscribed  on  a  recuidiiig  surfnue.  1'hta  iiirtniiDetit  is  li«st 
adAptm)  for  u))serviiig  chaugiis  tii  Iho  velocity  of  the  llow.  For  doter- 
miniiiK  autuid  vitlucitii-a  tt  bus  to  be  ex  peri  mentally  gRtdunte<I. 

The  mpiility  of  the  Hciw,  and  esperially  variations  in  the  mpidity,  may 
nbo  be  stiiilitiil  in  a  more  indirect  mnnni^r  by  means  of  the  following 
method,  called  the  '  plethy6ningrn]ihic  method.' 

The  principle  of  the  pUthytmogrttfih  is  that  changes  in  the  voluma 
of  a  part  or  of  an  orpjan  of  the  body,  are  measiirrd  by  the  displucenient 
of  fluid  in  a  chamber  witli  rigid  walU  surrontiding  the  jiart  ur  orpin. 
A  part  of  th('  Ijody,  the  arm,  for  instance,  ia  introdueed  into  a  cham- 
ber with  ri^iil  wnlls,  such  as  a  larf;e  (■hiiui  cylinder,  which  is  filled 
with  fluid,  th<^  oprnin;;  by  wliich  lhi>  arm  in  intnidncud  being  closed 
with  an  indift  rubber  ring  or  with  plaster  of  Pari*.  Thr  cavity  of  the 
chamber  is  connected,  nt  one  spot,  with  n  narrow  glass  tube,  open  at 
the  t<nd,  in  which  the  fluid,  after  the  introduction  of  the  firm,  stands  at 
ft  certain  level.  Any  change  in  the  volnme  of  the  arm  manifests  itrielf 
by  A  ehauge  in  the  level  of  the  fluid  in  the  tube  ;  when  the  arm  slirinki 
the  I«vel  falls,  wh«)i  the  arm  swells,  the  level  rises.  And  by  ueuns  of 
m  piston  workiti^'  in  tlie  tube,  or  by  n  flont  bearing  a  marker  arid 
swimming  on  the  top  of  tbu  fluid,  or  by  other  contrivancrx,  n  graphic 
racord  of  the  changes  in  the  level  of  the  fluid  in  the  tube  and  so  of  the 
chuiges  in  the  volume  of  the  arm  may  be  obtained.  Such  an  iDStru- 
inent  ia  called  a  plethysmogroph  ;  and,  as  we  shall  see  it  may  be  applied 
in  rarioua  ways  to  various  parts  and  organs  of  the  body. 
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Now,  ehftogw  in  Uio  volume  of  the  arm  are  mainlv  iraused  (w«  nutj 
•fyt  the  prCMOt  neglect  other  catue»)  by  changes  in  the  qiiaotity  of 
IUmmI  pnJMiit  in  that  portiuii  of  tlie  arm  whicli  tiea  wilUu  tliu  cyliuder. 
UpOM  fiumiiuitioQ  it  in  fuuiid  that  twaiilM  ci^rtuiji  bIuwof  chuii}^  of 
vahunt  whJcli  lake  place  fruni  titue  to  lime,  thent  an.'  uliaiic'^''  "f  vuliimi- 
corTwpon<tin|^  to  each  heart  bi-ut.  At  each  livatl  bcut  the  toIiuuc  firnl 
incTM*M  and  thun  ilccruutci  uffuin,  n-jtutiing  Ijofum  tin-  next  hcnrt  lient 
Ibn  MDM  mMSiiro  wljich  it  hiui  jimt  ])i«(!c()ing  tlie  lionl ;  iiivva  ix,  wo 
iMiynjr,  a  pulsatioD  of  volume  likr  tti»  ncttinl  piilno ;  nml  w*  mny,  by 
tbo  gnphic  method,  obtniu  a  triirvi^  of  th«  chnnges  in  volumts  a  "  volume 
cnrve."  An  inorwise  of  volunip,  a  rixo  of  the  curve,  me:nii0  that  the 
blood  ia  Sowing  into  the  arm,  witliin  the  cylinder,  by  the  (axillary) 
aftery  at  tli«  lovol  of  the  rim  of  the  cylinder,  more  swiftly  than  it  i» 
lluntnt;  out  by  tho  (atilluiy)  vein  or  veins  at  tliu  kiiiuh  lew] ;  a  decrcoae 
of  volume,  a  full  of  tlie  Lurvi!,  niatoo  that  the  bloud  is  flowiiif;  in  Ism 
BwifUy  tlian  it  i«  flowing  out;  und  a  fttationury  vulumo,  tli«  curve 
iKithfT  fifing  Dor  fulling,  nif-niut  that  tliu  lilt)o<I  i»  flowing  in  just  a*  fiuit 
H  it  ia  flowing  out.  Tlio  Hte«por  tho  luicunt  of  th<'  voluuin  curvf,  the 
■is  the  ropi'lity  of  the  arlcrinl  inflow,  and  nny  Iwtsoning  »f  the 
Liteepoeas  of  the  ascent  meana  a  diminution  of  tliet  rapidity  ;  when 
the  aUepness  'm  Icsaened  ao  much  that  the  curve  runs  pwiullel  to  tlie 
'  base  lioe,  then,  whiit^ver  the  actual  height  of  the  curve,  the  inflow  by 
tli«  attery  ia  only  juU  lui  rauid  a>  the  outflow  by  tho  n'iii.  Heiivi-,  the 
tlimensionii  of  Ibi-  pikrtu  of  tno  apparatu*  hving  known,  wa  miiy  uak-ulate 
bow  ninny  mora  or  how  miiny  Icxm  cubic  cm.  of  Mood  nra  flowing  por 
wcood,  or  per  fraction  of  a  second,  in  by  tlin  iirtoty,  thiin  am  flowing 
oat  by  lh«  vein.  Bat,  h«  we  have  men,  thii  flow  in  tho  veins  is  constant 
10  far  as  each  indi^'idual  heart  boat  ia  concerned ;  it  ia  not  <liiectly 
inSueuoed  by  each  heart  beat.  Hence,  having  obtauied  by  metina  of 
the  inatroment  a  curve  uf  the  change  of  volume  of  the  arm,  we  may 
ftom  that  calculate  out  a  curve  »f  lite  changu  iu  rapidity  uf  the  How 
In  the  artery  at  the  level  of  the  mouth  of  the  cylindt-T.  hi  this 
way  it  ia  aacLTtaiiied  that  with  eacU  hmrt  bi-jit  tho  mpidity  of  tli«  flow 
at  first  ris>^»  very  ijuivkty,  then  mom  alowly,  then  ccasc-a  t»  mw,  atlrr 
which  it  si:ikn,  and,  indend,  ninkii  to  such  a  iJegmo  n«  to  cImtw  thnt 
the  blood  at  thin  tnomimt  i«  flowing  loss  rapidly  in  tho  artery  than  iu 
Uw  vein,  but  sul>sc(innntly  ri»ra  again  to  fall  once  more,  jnat  before  the 
next  heart  boat,  to  the  samn  mte  at  at  the  beginning  of  the  beat  which 
'  Is  being  studitHl.  Moreover,  it  ia  poiuble  by  belp  of  certain  aisrimp- 
lions  to  calculate  the  aiuouut  of  the  whole  flow  through  the  artery 
(and  Ibroagh  the  vein)  in  a  gii-nn  time,  tliat  t«  to  say,  the  actual 
npidity  of  tbo  flow. 

In  the  capillaries,  the  mtc  is  alowest  of  all.  In  thi!  web  of  the 
frog  the  flow  as  judged  by  the  inoveinent  of  the  red  corpn.«cIcs  may 
be  directly  measured  under  the  miimsi^opie  by  means  of  a  miero- 
DWter.  and  is  found  to  be  about  half  a  roiliimeter  in  a  second; 
but  this  19  probably  a  low  estimate,  since  it  is  only  when  the 
circulation  is  somwwhat  slow,  slower,  perhaps,  than  what  ought  to 
be  considered  tb«  normal  rot<-,  that  thi;  rc-d  corpuscles  can  be 
distiDctly  seen.     In  the  mamuiat  the  robe  has  beeu  estimated 
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nt  about  'TS  millimeters  a  secQud.  but  is  probably  quicker  even 
ilian  ihia 

As  regards  tke  veint,  the  flow  is  very  slow  la  the  small  veins 
emerging  from  tlic  capillaries  but  iucrea^^es  as  these  jniu  into  larger 
trunks,  until  In  a  large  vein,  such  as  the  jugular  of  lln;  dog,  the 
rate  is  about  200  niiu.  a  secimd. 

§  105.  It  will  be  seen,  then,  that  the  velocity  of  the  flow  is  in 
inverse  proitorlion  to  the  width  of  tlie  bed,  to  the  united  sectional 
areas  of  the  vessels.  It  is  greatest  at  the  aorta,  it  diminithes 
aloii;^  the  arterial  system  to  the  capillaries,  to  the  united  bases 
of  the  cuni's  spoken  of  iu  §  'l4,  where  it  is  least,  aud  from  thence 
iiicreasuK  again  along  the  venoui^  .system. 

And,  indeed,  it  is  liii:*  width  of  the  1>ed  and  this  alone  which 
deU^rniines  llii^  ijfntrid  velocity  of  the  flow  at  various  parts  of  the 
systi-m.  The  slt)wne.s»  of  the  flow  in  the  capillaries  is  nut  due  to 
ihf  re  being  so  much  more  friction  in  their  narrow  channel."  than  in 
tlie  wider  canals  of  the  larger  arteries ;  for  the  peripheral  re.'*isl- 
ance  caused  by  the  friction  in  the  capillaries  and  small  arteries  is 
an  obstacle  not  only  to  the  flow  of  blood  through  these  small 
vessels,  where  the  rcsislance  is  actually  geoerated,  but  also  to  the 
escai^H?  of  the  bluutl  from  the  large  JuKi  the  :»mall  artenos,  and, 
indeed,  from  the  heart  into  the  Inrge  arteries,  It  exerts  its 
influence  along  tlie  whole  arterial  tract.  .\nd  it  is  obvious  ihut  if 
it  Were  this  jieripheral  resistance  which  checked  the  flow  in  the 
eupillaries,  there  could  be  no  recovery  of  velocity  along  the  venous 
tract. 

The  blood  is  BowiJig  through  a  closed  svstem  of  tubes,  the 
blood  vessels,  under  the  iuflueiiLc  of  one  propcllmg  force,  the  systole 
of  the  ventricle  ;  for  this  is  the  force  which  drives  the  blood  from 
ventricle  to  auncle,  though,  a»  we  have  seen,  its  action  is  moilihed 
in  the  several  ^>nrts  of  the  system.  In  such  a  system  the  same 
quRDtity  of  Huid  must  ]ia:is  each  section  of  the  system  at  the  same 
time,  otherwise  there   would    be   a   block    at   one   place,  and  a 

deficiency  at  another.    If,  for  iiistanoe, 

a  fluid  is  made  to  flow  by  some  one 

3   I  force,  pressure  or  gravity,  through  a 

tube  A  (Fig.  35)  with  an  enlargement 

J  B.  it  is  obvious  that  the  same  quantity 

e        b  of  fluid  must  pass  through  the  section 

Pi«.  3^  h  as  passes  through  the  section  u  in 

the  same  time.  —  for  in.ttanee.  in  a 
seCDud.  Otherwise,  if  less  pa-tw-t  through  //  than  a,  the  Huid  would 
ROCnroulute  in  B.  or  if  more.  B  would  be  emptied.  In  the  same 
"way  just  OS  much  must  pass  in  the  same  time  throiigh  the  section 
c  as  passes  through  a  or  h.  But  if  just  as  many  particles  of  water 
have  to  get  through  the  narrow  sucttou  a  in  Uie  same  time  as 
they  have  to  get  through  the  hnmder  section  c.  they  must  move 
more  quickly  through  a  than  through  c,  or  more  slowly  through  c 
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than  ibrougk  a.  For  the  same  reasoii.  water  flowing  along  a  river 
iinpellod  by  one  force,  viz.  that  of  gravity,  rushes  rapidly  through 
a  'narrow,'  and  Hows  sluggishly  wlien  the  nvcr  widens  out  into 
a  'broad.'  The  flow  thn>u(;h  B  will  he  Niiuilarly  slackeuAd  if  £, 
instead  of  beingGiuiplyasingleeulartjeineRt  of  the  tube  .-I,  consists 
of  ft  number  of  small  tubes  branching  out  from  .-I,  with  a  united 
sectional  area  greater  than  tlie  sectional  area  of  A.  In  each  of 
such  small  tubes,  at  the  line  c,  for  instance,  the  llow  will  be  slower 
than  at  a,  where  the  »mall  tubes  bnmch  out  from  A.  or  iit  b,  where 
tliuy  join  again  to  form  a  single  tubo.  Hence  it  is  that  the  blood 
rushest  swiftly  through  the  arteries.  Bows  slowly  through  the 
capillarit^s,  but  quickens  ita  pace  again  in  th^  veins. 

An  a)i]iiarenl  contradiction  to  this  pnncii)le  that  the  rate  of 
llow  is  dependent  on  the  width  of  the  bed  i»  seen  in  the  ease 
where,  ibu  tluid  having  alternative  ruuU^is,  one  of  the  routes  is 
temporarily  widened.  Suppose  that  a  tube  A  divid'.-s  into  two 
branches  of  eqiuil  limgth  x  and  y,  wlii^ih  unite  again  to  form  the 
tube  V.  Suppose,  to  start  with,  that  x  and  y  are  of  equal 
<li«iuet«r:  then  the  resistatice  offen^d  by  each  being  equal,  the 
How  will  be  equally  rapid  through  the  two,  being  juj^t  flo  rapid 
that  as  much  tluid  passes  in  a  given  time  through  x  and  1/  together 
u  passes  through  A  or  through  K.  But  now  suppose  1/  to  be 
widened:  the  widening  will  diminish  the  resistance  offered  byy, 
and.  iu  consequence,  supposing  that  no  material  change  takes 
place  in  the  pressure  or  ford-  which  is  driving  the  fluid  along,  more 
fluid  will  now  pass  along  yin  a  givun  time  tlian  did  before  ,  that  is 
to  say,  llie  rapidi^  of  the  flow  in  y  will  be  increiisud.  tt  will  be 
inercMed  at  the  expenite  of  the  flow  through  7.  since  it  will  still 
hold  good  that  the  flow  through  x  and  y  together  is  equal  to  the 
How  tLrough  A  and  through  V  We  shall  have  occasion  later  on 
to  point  out  that  a  small  artery,  or  a  set  of  small  arteries,  may 
be  moreor  less  suddenly  widened,  without  materially  affecting  thfl 
general  blood  pressure  which  is  driving  the  blood  through  the 
titfiry  or  set  of  arteries.  In  such  eases  the  ttow  of  blood  through 
the  widened  artery  or  arteries  is,  for  the  lime,  bcin;;  incn>ased  in 
r»i^dity,  not  only  in  spite  of,  hut  actually  in  consequence  of  the 
artery  being  widened. 

It  must  he  understood,  in  fact,  that  thin  dependence  of  the 
rapidity  of  the  How  on  llie  width  of  the  bed  applies  to  the  general 
fate  of  flow  of  the  whole  circulation ;  and  that  while,  on  account  of 
tha  width  of  the  bed,  the  flow  through  the  capillaries  is  slower 
than  through  the  small  arteries  and  vt^ins,  that  through  the  small 
artericjt  slower  than  through  the  larger  arteries,  and  that  through 
the  small  veins  slowi-r  than  through  the  larger  veins,  the  actual 
rapidity  in  any  ludivldua]  capillary,  small  artery  or  small  vein,  or 
in  any  individual  set«  of  these,  varies  largely  from  lime  to  time, 
owing  to  changes  of  ciroumatam^s,  prominent  among  which  are 
changes  in  the  resistance  to  the  How,  —  changes  which,  as  we  shall 
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see,  mny  be  brought  about  in  vftrious  ways.  Hence,  any  nuinerioal 
atatemeot  as  to  the  rate  of  How  in  these  vessels  must  be  regardtid 
as  ft  general  Btat^mcnt  only. 

Moreovt-r.  it  uiuat  be  re  me  tn  bo  red  that  though  we  speak  of  the 
flow  {inst  a  [.'oiiil  of  a  large  arterj'  as  being  of  a  ccrtaiu  rapi<Uty, 
say  300  inui.  a  second,  thiit  rapidity  is  eoutinunlly  varj'iug.  The 
cause  of  the  How  throu>,'h  tho  whole  system  is  the  prt-sBunj  of  thu 
ventricular  systole  miiuifoiftwi  as  what  wti  huvf  liillod  blood 
pressure.  At  each  point  along  the  system  iienrtT  tlie  left  ventrifli!, 
and  ther^tore  further  from  the  right  auricle,  the  pressure  is  greater 
than  at  a  point  further  from  the  left  ventricle,  and  so  nearer  the 
riglit  auriglo ;  it  is  this  ditference  of  pressure  which  is  the  real 
cause  of  the  flow  from  the  one  point  to  the  other;  and  other 
things  being  equal  the  rapidity  of  the  flow  will  depend  on  the 
amount  of  tho  difference  of  pressure.  But  the  pressure  exerted 
by  the  ventricle  is  not  constant;  it  is  int^irmitteut,  rhythmically 
rising  and  falling.  Hence  at  every  point  along  the  arterial  systt-m 
the  How  is  increased  in  rapidity  during  the  temporary  increase  of 
pressure  due  to  the  ventrictiinr  systole,  and  diminished  during  tlie 
subsequent  temporary  decrease,  the  increase  and  decrease  being 
the  more  marked  the  nearer  the  point  to  the  heart ;  this  is  shewn 
in  obacrvfttions  made  by  means  of  Chauveau  and  Lortel's  instru- 
ment or  by  the  plothyamographic  method  (§  104). 

§  106.  TtTiu  of  the  entire  circuit.  It  is  obvious  from  the  fore- 
going that  a  red  corpuscle  in  (lerfomiing  the  whole  circuit,  in 
travelling  from  the  left  ventricle  back  to  the  left  ventricle,  would 
spend  a  large  portion  of  its  time  in  the  capillaries,  ntinnte  arteries, 
and  veins.  The  entire  time  taken  up  in  the  whole  circuit  has 
been  approximately  estimated  by  measuring  the  time  it  takes 
for  an  easily  recognized  chemical  substance,  after  injection  into 
the  jugular  vein  of  one  side,  to  appear  in  thu  blood  o(  the  jugular 
vein  oi  Ui«  other  side. 


WhiJR  smtdl  {iiinntitirji  of  blood  uro  beiiit;  ilmwii  at  fwiiunntly 
l^Mfttad  intitrvuU  from  ihv  j»iCMlnr  vein  uf  oni!  nittf,  iir  nhilv  the  bloml 
fiom  th«  vein  in  being  nllowil  to  full  in  n  Riimiti?  Ktrvmn  mi  iiti  nlMnr)>> 
ent  paper  covoring  some  tmvpUing  siirfnci',  nti  iron  wU  *uirb  iw  potiui- 
aium  ferrocyaDido  (or  preferably  sodiniu  forrocynniilii  (in  being  leu 
il^itrious)  ia  irgected  into  the  jugular  vein  of  th<^  othrr  aide.  If  the 
time  of  thu  injeutiou  bo  not«it,  nnd  the  time  afU>r  the  injection  into  one 
sidis  at  which  ofideuco  of  thu  preaeiiue  of  the  iron  salt  can  be  detected 
in  the  Kiniplo  of  bhiod  fniin  lb"  vfiu  of  the  other  side  be  noted,  this 
giveo  the  tinin  it  hns  tnlcnn  tbi-  salt  U>  jierforin  the  ciri^uit :  anil  uii  the 
KuppMJtion  that  men  diffbeion  dom  not  luiiUTiallr  nlToeX  the  n-Aiill,  tli» 
tini«  which  it  takn  tlio  blood  to  perform  ilw  imiiuu  ciivtiit  ix  lluirchy 
given. 

A  modiltcation  of  this  tDntbod,  doinK  away  with  th*  neccnsity  of 
withdmwin^'  >iloo>^{,  is  bated  on  thn  Tnct  thnt  the  aloctrical  conductivity 
of  tbe  blood  nuy  bo  changtd  by  alloring  tho  aalino  oonstituanta.     Two 


J 


CiiAi-.  IV.]         THE  VASCULAR   MECHANISM.  179 

(i>uR>|>aUTiNibl«)  doctrodeK  uni  ]ilncitil  one  An  «mch  iidc  of  Mine  part  of 

ks  blood    vgsMi,  nrtory  or  v«iii,  my  the    rittlit  juguUr  or  femoral    vela 

^'(pmnoaaly  laid  baro  luid  ini>ulnUul),  and  nm  cot)uoct«d  with  a  WheaU 

ae    bridge  and    ralnwomoter,  m    in  ilio  usual   way   of   obsorviDg 

hftn^  in  «l«ctriusr  rosiataDCO.     If  a  solution  nf  salt  b«  now  iiijcuted 

Bto  aome  other  vasacl,  aay  the  left  jugular,  the  hluod  ladeu  wilh  tlie 

xtm  oinntitj  of  salt,  wh«n  it  reaches  the  seat  of  the  eleutrodtis  will 

_jIt«  tm  to  a  diaiiite    in   the  electriuil    re&istuiiou    thiuugb    llio  bluud 

'  TpjnsI  with  ita  conluiiied  blood  Iwtwiwii  the  eloclrodea,  aiid  thiit  will  bo 

indicatfid  bj^  n  inorement  of  the  gal vnnu meter.     If  thu  tiiiiee  of  the 

linjcctKiii,  and   of  the  movomont    of  tho  galvaiioiiKiler   bn    noted.    Die 

|iBt«rTal  betwMD  lh«  two  will  give  tho  time  it   Uikes  tho  blood  con- 

niog  the  salt  to  paw  bona  (he  smt  of  injection  to  tho  scat  of  the 

cttodm. 

In  thu  hone  this  time  )iaN  been  experimentally  detenuined  at 
RlKmt  30  sees,  aud  in  the  dog  at  about  15  sees.  In  man  it 
is  probably  from  20  to  25  seca. 

We  may  arrive  at  a  similar  result  indirectly  by  nieana  of  a 
calculation.  Taking  the  quantity  of  blood  as  '^  of  the  body 
weijiht,  llie  blood  ot  a  rasui  wyishing  75  kilos  would  be  about 
5,760   grra.     If   ISO   unnB.    left   the    ventricle   at   each   Iwat.   a 

Juantity  pquivalont  to  the  whole  bluod  would  pass  through  the 
eart  in  32  buabt,  i.e.  iu  1ms  than  halt  a  minute. 

Taking  the  rate  of  tlow  throii^rh  the  caiiillaries  at  about  1  mm. 
a  sec.,  it  would  take  a  corpuxcle  a.^  long  a  time  to  get  through 
about  20  mm.  of  capillaries  as  to  perform  the  whole  aircuil. 
enc«,  if  any  corpnscle  had  in  ita  circuit  to  paaa  thrnugh  10  mm. 
capjIUries,  half  the  whole  time  of  its  journey  would  be  siient  in 
le  narrow  channels  of  the  capillaries.  Inasmuch  as  the  purposes 
served  by  the  blood  are  ohiofly  carried  out  in  the  capillaries,  it  is 
obviously  of  advantage  that  il^  stay  in  them  should  be  prolonged. 
Since.  Iiowewr,  the  averse  length  ot  a  capillary  is  about  '5  mm., 
about  half  a  svomi)  in  spent  in  the  capillarie.^  of  the  ti»8Ui^  and 
aaotht^r  half  si^cond  in  the  capillaries  of  the  lungs. 

§  107.  We  may  now  briefly  summariae  the  broad  features  of 
the  ciri^ulaiion,  which  we  have  seen  may  be  explained  on  purely 
physical  principles,  it  being  assumed  that  the  ventricle  delivers 
a  oerlain  quantity  of  blood  with  a  certain  force  into  the  aorta 
at  regular  mter^'als,  and  that  the  physical  properties  of  the  blood 
vessels  remain  the  same. 

We  have  seen  that,  owing  to  the  peripheral  resistance  offered 
by  the  capillaries  and  small  vessels,  the  rtirfet  effect  of  the 
ventricular  stroke  is  to  establish  in  the  arteries  a  mean  arterial 
pressure,  which  is  greatest  at  the  root  of  the  aorta  and  diminishes 
towards  the  small  arteries ;  some  of  it  being  used  up  to  drive  the 
from  the  aorta  to  the  small  arteries,  but  which  retains  at 
legion  of  the  small  arteries  suiTicient  power  to  drive  through  the 
"  arteries,  capillaries  and  veins  Just  as  much  blood  as  is  being 
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thrown  into  the  aorta  by  the  vcntriciilnr  Btrokc.  We  have  seen 
further  thiil  iu  thu  large  nrtt-rius  nt  i-ndi  stroku  the  pivj-suri; 
ri.sei^  ami  fallen  little  ahuve  aud  below  the  ineaij.thiiR  cousli  luting 
the  pube,  but  ihal  tliiH  extra  iliflU^iisioii  with  iCii  Riil>sequeiit  recoil 
diminishes  along  the  arterial  tract  and  finally  vaiiiahea ;  it  dimin* 
ishes  and  vaniahes  because  it,  too,  like  lht>  whole  force  of  the 
veutricular  stroke,  of  a  fraction  of  which  it  is  the  expression,  is  used 
Up  in  establishing  the  mean  prcsaurt'  ;  wc  Bhall,  however,  consider 
a^^in  later  on  ihu  special  features  of  this  pulse,  Wc  have  seen 
further  that  the  task  i)f  driving  the  bloixl  thrmigh  the  [leripbcrul 
rcsistanots  of  the  small  arteries  and  eapillaries  consumes  much  of 
thiK  mean  pressure,  which  coiiseiiuently  is  much  less  in  the  small 
veina  than  in  the  corresponding  small  arteries,  but  that  sutticienl 
remains  to  drive  the  blood,  even  witliout  the  help  of  the  auxiliary 
agents  which  are  generally  iii  action,  from  the  small  veins  right 
back  to  the  auricle.  lastly,  we  have  seen  that  while  the  above 
is  the  cause  of  the  Bow  from  ventriolo  to  auricle,  the  [;hiinKing 
Tate  of  the  flow,  tho  diminishing  swiftness  in  the  nrteries,  the 
sluggish  crawl  through  the  capillnnes,  the  incn-asing  ijuickness 
through  the  veins  are  determined  by  the  changing  width  uf  the 
Tagcular  ■  bed." 

Before  we  proceed  to  consider  any  further  details  as  to  the 
phenomena  of  the  Sow  through  the  veasela,  we  must  turn  aside  to 
studv  the  heart 


SEC.  3.    THE  HEART. 


§  106.  The  heart  is  a  valvular  pump  which  works  on  me- 
chanical principles,  but  the  motive  power  of  which  i?  supplied 
by  iho  contraction  of  its  muscular  tibres.  Its  action  consequently 
fneaenta  problems  which  arv  pitrtly  ini^diiiniciil.  and  partly  vital 
Regaided  as  a  pump,  its  t^fTucts  are  iioti?riiiiiicd  by  the  fr«iiui:ncy  of 
Uw  beats,  by  the  (oroe  of  ■■itch  beat,  by  th.>  <:harar:lBr  nf  «acti  beat, 
—  wli«tlicr,  for  iusUtuce,  slow  and  lingering,  orsmiilen  and  sbnrp,  — 
and  by  the  quantity  of  fluid  ejected  at  each  beat.  Henoe.  with  u 
given  frequency,  force,  and  cliaracter  of  beat,  and  a  given  quantity 
ejected  at  each  beat,  the  problems  which  have  to  be  dealt  with  are 
for  the  mait  part  mechanicnl  The  vital  problemi  are  chiefly  con- 
necled  with  tne  causes  which  dcUsriuinc  thu  frequency,  force,  and 
character   of  the   beat     The   quantity  ejcctud  at  each   beat   is 

f;ovorne(l  not  only  by  the  actioti  of  the  heart  itself,  but  also  and 
adc«d  more  so  by  what  is  going  on  in  the  rest  of  the  body. 

i%«  Tttenomenn  of  the  Kormal  Beat, 

7%e  vinbU  mvveioenls.  When  the  chest  of  a  nammal  ia 
opened,  and  artificial  respiration  kept  up,  the  hrart  may  be 
watched  beating.  Owing  to  the  removal  of  the  chest-wall,  what 
ia  aeeo  it  not  absolutely  identical  witli  what  take.<«  place  within 
the  intact  chest,  but  the  main  events  are  the  same  in  both  cases. 
A  complete  beat  of  tlio  whole  heart,  or  cardiac  cycle,  may  be 
obeer^ed  to  take  place  as  follows. 

The  great  reins,  infc^riur  and  superior  venu;  cavie  and  pulmonary 
veins,  an>  seen,  while  full  of  blood,  to  contract  in  the  neighbourhood 
of  the  heart:  the  contmction  rtin^  in  a  peristaltic  wave  towards 
the  auricles,  increa«ing  in  iiittiiiaity  a*  it  goes.  Arrived  at  the 
avriolca,  which  are  then  full  of  blood,  the  wave  suddenly  spreads, 
at  a  late  too  rapid  to  be  fairly  judged  by  the  eye,  over  the  whole 
of  those  organs,  which  accordingly  contract  with  a  sudden  sharp 
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8\'8toIe.  In  the  systole,  the  walls  of  the  auricles  press  towards  tliw 
nuriculo-ventricular  orifices,  and  the  auricular  appendages  are 
druwii  inwards,  becomiug  smaller  and  paler  During  the  auricular 
systole,  the  ventricles  may  be  seen  to  become  turgid.  Then 
follows,  as  it  were  immediately,  the  v«ntricular  systole,  during 
which  the  ventricles  become  more  conical.  Held  between  the 
fingers  they  are  felt  to  become  tense  and  hard.  As  the  systole 
lirogruHses,  the  aorta  and  pulmonary  arteries  expand  and  elongate, 
the  apex  is  tilted  sliglitly  upwards,  and  the  heart  twists  somewhat 
on  its  long  axis,  iiiovuig  from  the  left  and  behind  towards  the 
front  and  right,  so  that  more  of  the  left  ventricle  l>ecomes  dis- 
played. As  the  systole  gives  way  to  the  succeeding  diastole,  the 
ventricles  resume  their  previous  form  and  position,  the  aorta  and 
pulmonary  artery  shrink  and  shorten,  the  heart  turns  back 
towards  the  left,  and  thus  tlie  cycle  is  completed. 

In  the  normal  beat,  tlie  two  ventricles  are  perfectly  synchronous 
in  action;  they  contract  at  the  same  time  and  relax  at  the  same 
time,  and  the  iwu  auricles  are  similarly  synchronous  in  action. 
It  has  heen  luniiitained,  however,  that  the  synchronism  may  at 
times  not  be  jierfeci. 

IJefore  we  attempt  to  study  in  detail  the  several  parts  of  lliia 
complicated  aeries  of  events,  it  will  be  convenient  to  take  a  rapid 
survey  of  what  is  taking  place  within  the  heart  during  such  a  cycle. 

§  109.  The  cardiac  ct/clf.  We  may  take  as  the  end  of  the 
cycle  the  moment  at  which  the  ventricles  having  emptied  their 
contents  have  relaxed  and  returned  In  the  diastolic  or  resting 
position  and  form.  At  this  moment  Uie  blood  is  flowing  freely 
with  a  fair  rapidity,  but.  as  we  have  seen,  at  a  very  low  pressure, 
througli  the  venie  cavie  into  the  right  auricle  (we  may  confine 
ourselves  at  first  to  the  right  side),  and  since  there  is  now  nothing 
to  keep  the  tricuspid  valve  shut,  some  of  this  blood  probably  finds 
its  way  into  the  ventricle  also.  This  goes  on  for  some  little  time, 
and  then  comes  the  shar]!,  short  systole  of  the  auricle,  which, 
since  it  begins,  as  we  have  .seen,  as  a  wave  of  contraction  running 
forwards  along  the  ends  of  the  vena;  cavte,  drives  the  blood  not  back- 
wards into  the  veins,  but  forwards  into  the  ventricle ;  this  result 
is  further  secured  by  the  fact  that  the  systole  has  behind  it  on  the 
venous  side  the  pressure  of  the  blood  m  the  veins,  increasing  ns 
we  have  seen  backwards  towards  the  capillaries,  and  before  it  the 
relatively  empty  cavity  of  the  ventricle  in  which  the  pressure 
is  lit  first  very  low.  By  the  complete  contraction  of  the  auricular 
walls  the  oonipletc  or  nearly  complete  emptying  of  the  cavity 
is  ensured.  No  vulves  arc  present  in  the  mouth  of  the  superior 
vena  cava,  for  they  are  not  needed ;  and  the  imperfect  Eustachian 
valve  at  the  mouth  of  the  inferior  vena  cava  cannot  be  of  any 
great  use  in  the  adult,  though  in  its  more  developed  state  in 
the  foetus  it  had  an  important  function  in  directing  the  blood  of 
the  inferior  vena  cav»  through  the  foramen  ovale  into  the  left 
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aurick'.  The  valves  in  the  coronarj'  ^'ein  are,  however,  prohably 
of  some  use  in  [>Tcvviititi(;  a  rv^tlux  ink)  thiit  vessel. 

As  the  bloud  is  being  drivuu  by  the  auricular  systole  into  the 
ventficle,  a  Tfttex  current  is  probably  set  up,  by  which  the  blood, 
pasMU^  along  the  Ridea  of  tht-  ventricle,  gets  between  ihem  and 
the  flaits  of  the  tricuspid  valve  and  so  tends  to  float  these  up. 
It  is  further  probable  thai  the  same  reflux  current.  coDlinuing 
somewhat  Inter  than  the  lluw  into  tht'  veulrick',  is  sufficient 
to  brioc  th«  flaps  into  apposition,  without  any  leguigitation  into 
thv  anncle,  at  tlie  closo  of  the  auricular  »y»U)\a,  befutv  the  veutri- 
CuUr  systolu  lims  begun. 

The  auricular  ^ysiole  ix,  an  we  have  said,  immediately  foUoweil 
by  Uial  of  the  ventricle.  Whether  the  contraction  of  the  ven- 
tricular walU  (which  a.t  we  shall  see  is  a  simple  though  prolonged 
contnction  and  not  a  tetanus)  begins  at  one  point,  and  swiftly 
travoU  over  the  rest  of  the  fibres,  or  begins  all  over  the  vontriole 
•I  once,  is  a  question  not  at  present  definitely  settled ;  but  iu  any 
CHw  the  walls  oxcrl  on  the  contonts  a  pressure  which  is  soon 
broogltl  to  bear  on  thu  whole  contc*nls  and  very  rapidly  nsei*  to  a 
maximum.  The  etfect  of  lliifi  incrQiisiug  iutra-venlricular  prestture 
upon  the  valve  h  undoubtedly  to  render  the  vaU'e  mont  firmly 
and  securely  closed ;  hut  the  exact  behaviour  of  the  valve  in 
thus  firmly  clasing  U  a  matter  on  which  observers  are  not  agreed. 
From  the  dispoaition  of  the  flaps  of  the  valve,  and  their  relations 
to  the  papillary  muscles,  the  chordae  tendineie  of  a  papillary 
muscle  bein;i  attached  to  the  edges  of  and  spreading  over  the 
surfacvs  of  two  adjacent  flaps,  we  may  infer  that  when  the 
papillary  muscles  contract,  taking  their  share  in  the  whole  veutri- 
euiar  ayatole,  they  on  the  one  hand  bring  at  Iei»t  the  edges,  if  not 
part  of  the  surfaces  of  adjacent  flaits,  into  opjiosition,  and.  ou  the 
other  hand,  tend  to  pull  down  the  whole  of  the  vnlvc,  more  or  less 
in  the  form  of  a  narrow  funnel,  into  the  cavity  of  the  ventricle.  H 
we  assume,  as  some  observers  do,  that  the  papillary  muscles  begin 
their  contraction  at  the  same  time  as  the  rest  of  the  ventricular 
wall,  we  may  conclude  that  the  valve  ia  in  this  manner  firmly 
cl'MMi  by  their  action  at  the  very  beginning  of  the  systole.  Other 
oiMervers  And  that  a  tracing,  oblainod  by  attaching  a  hook  to  ths 
apex  of  one  of  the  flapi<  of  the  vulve,  and  connecting  it  with  a 
thread  passing  through  the  auricalo-ventriculai  orifice,  and  the 
auricle  to  a  lever,  indicates  that  the  apex  of  the  Hap  does  not 
begin  to  move  downwards  until  some  appreciable  time  after  the 
beginning  of  the  systole.  This  they  interpret  as  meaning  that  the 
pa|>iUaf7  muscles  do  not  begin  to  contract  until  some  time  after 
the  vuntricular  wall  haa  begun  its  contmction ;  (and  the  tracing 
in  question  similarly  indicates  that  the  papillar)'  muscle  ceases  its 
oontnctiou  before  the  ventricular  wall  does).  If  we  assume  this 
interpretation  of  the  tracing  to  lie  cim-ct,  we  must  conclude  that, 
at  the  tlrsi,  the  pre^jure  exerted  by  the  cuiumeucing  systule  would 
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tend,  while  brinsing  the  edges  of  the  flaps  together,  to  bulge  tha 
whole  viilve  upwards  towards  the  aurick-,  liul  thnt,  later,  when  the 
papillury  luusulus  I'utitrnct,  tho»u  pull  the  vuIyc  iu  n  funnel  sba))e 
down  into  ttm  ventricle  with  the  edges  of  the  ll»|ps  in  complete 
apposition.  On  the  one  view,  t.lie  papillary  nuiscles  sitvc  merely  to 
secure  the  adequate  closure  of  the  valve  ;  on  llie  uiher  view,  tliey 
add  to  the  pressure  exerted  by  the  ventricular  wall,  liy  pullint; 
the  already  closed  valve  down  on  the  ventricular  eoiitenls,  <ir, 
according  to  an  old  opinion,  obviate;,  by  their  shortening,  tlio 
elackouitig  of  the  chordie  which  might  result  from  the  sborteniiig 
of  ventricle  during  the  systole.  Whichever  view  be  taken,  it  may 
be  worth  while  to  remark  tlml  the  borders  of  the  valves  are 
excessively  thin,  so  that  when  the  valve  is  closed,  these  thiu 
portions  are  pressed  Hat  tugetlier  hack  to  back  ;  hence,  while  the 
tougher  central  parts  of  tlie  valves  bear  the  force  of  the  ventricular 
systole,  the  opposed  thin,  membranous  edges,  pressed  t^igether  by 
the  blood,  more  completely  secure  the  closure  of  the  orifice. 

At  the  commencement  of  the  ventricular  systole,  the  semilunar 
valves  of  the  pulmonary  artery  are  closed,  and  are  kept  closed  by 
the  high  pressure  of  the  blood  in  the  !irt<.'r)'.  As.  however,  the 
ventricle  continues  to  press  with  gn-iiter  and  grcuU-r  force  on  its 
contents,  making  the  ventricle  Iiiird  iiiid  ten.se  to  the  t<iuch,  the 
pressure  wiihiu  the  ventricle  becomes  at  length  greau-T  thnn  that 
m  the  pulmonary  artery,  and  this  greater  pressure  forces  open  the 
semilunar  valves,  and  allows  the  escape  of  the  contents  into  the 
arU^ry.  The  ventricular  systole  may  be  seen  and  felt  in  the 
expoKed  heart  to  he  of  some  duration  ;  it  is  strong  enough  and  long 
enough  to  empty  the  ventricle  more  or  less  completely.  —  indeed,  in 
some  cases,  it  may  la«t  longer  than  the  discharge  of  blood,  so  that 
there  is  then  a  brief  jwriod  during  which  the  ventricle  is  empty 
but  yet  coHtracU-d. 

During  the  ventrieulnr  systole  the  .semihinar  valves  are  pressed 
outwards  towards  hut  nut  close  to  the  arterial  walls,  n^tlux  currents 
probably  keeping  them  in  an  intermediate  jiositinn,  so  that  their 
orifice  forms  un  onuiiateral  triangle  willi  curved  sides ;  tiiey 
offer  little  obstacle  to  the  escape  of  blow!  from  the  cavity  of  the 
vKutricIe.  The  exact  mode  and  time  of  closure  of  the  semilunar 
valves  is  a  matter  which  has  been  and.  indeed,  is  atill  disputed, 
and  which  we  shall  have  to  discuss  in  some  detail  Istt-r  on. 
Meanwhile  it  will  be  suBicieut  to  say,  nftiT  the  blood  has  ceased 
tfl  flow  from  the  ventricle  into  the  aorta,  whellier  this  be  due  U> 
the  cessation  of  the  ventricular  syjitole.  or  tii  the  whole  of  the 
ventricular  conti-nls  having  been  already  diseliarged,  a  rcllux  "f 
blood  in  the  aorta  towards  the  ventricle  at  once  completely  filLs 
and  renders  teime  the  pockets,  causing  their  free  margins  to  come 
into  close  and  firm  contact,  and  thus  entirely  blocks  thi'  way. 
The  corpora  Arautii  meet  in  the  centre,  and  the  thin,  membranous 
(e«toonB  or  lunulie  are  brought  into  exact  apposition.     As  in  the 
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tricuspid  ii-nlves,  so  lien;,  while  tim  presaurc  of  the  blood  is  bame 
by  the  lougher  l>odieft  of  Uid^venil  viilves,  uncli  iwo  thin,  adjacent 
luQula*.  prcsfied  together  by  l]ie  blood  actiit*;  on  both  aides  of 
thftii,  am  kept  in  complete  contact,  willi»ut  aiiy  strain  beiug 
put  upon  them ;  iu  this  way  the  oritice  ia  closed  in  a  most  efficient 

As  the  rentricatar  systole  passes  off,  the  muscular  walls  relax- 
ing, the  ventricle  returns  to  its  previoiui  form  and  posiliou,  and 
tlie  cycle  is  once  more  cadc-d. 

>Vhat  thus  takes  p\ac6  m  thu  rijjht  sidu  takvs  place  in  the  left 
nde  also.  ThiTL^  is  the  sauiu  sudden,  sliiirp,  auricular  Kystole 
bu^niog  at  the  roots  of  the  imlmoniiry  veins,  the  same  syaliile  of 
tliH  ventriele,  but,  a^  we  Khali  see,  one  much  more  powerful  and 
exerting  much  more  force;  the  mitral  valve  with  its  two  flaps 
neu  in  the  main  like  the  tricuspid  valve,  and  the  action  of  ttie 
semilunar  valves  of  the  aorta  simply  repeats  that  of  the  valves  of 
the  pulmonary  artery. 

We  uiay  uow  proceed  to  study  some  of  the  cardiac  cvculs  in 
detail 

§  110.  7^  ch'tjige  of  form.  T1i«  exact  deternjinAtion  of  the 
cuuiges  in  form  and  position  of  the  heart,  i^pecinlly  of  tin;  veu- 
tricies,  during  a  canliac  cycle  is  atteu<led  with  difficulties. 

The  ventricles,  for  instance,  are  continually  changinj;  their  form ; 
titey  change  while  their  cavities  are  being  tilled  from  the  auricles, 
they  change  while  the  contraction  of  their  walla  is  getting  up 
the  pressure  on  their  coatents,  they  change  while  under  the 
iuHuvnce  of  that  pressure  their  contente  are  being  discharged  into 
thL-  arteries,  and  thi-y  chnD<{e  wh(?n,  their  cavities  having  been 
emptied,  their  muscubtr  walls  rvlnx. 

With  n^iird  to  changes  in  external  form,  there  seems  no  doubt 
that  the  side-toside  diamitter  is  mueh  lirswned  during  the  systole. 
There  is  also  evidence  that  the  froiil-to-lwck  diiiuK-lcr  is  greater 
during  the  systole  than  during  the  dinsioltt,  thir  Jncfase  taking 
place  during  the  first  part  of  the  systoIi>.  If  a  light  lever 
be  placed  bo  as  to  press  very  gently  on  the  surface  of  the  heart  of 
a  mammal,  the  chest  having  been  opened  and  artificial  reapiiation 
being  kept  up,  some  snch  curve  as  that  represented  in  Fig.  36 
may  be  obtained.  The  risu  of  the  lever  in  describiug  suoli  a  curve 
is  <lHe  U>  the  elevation  of  llie  part  of  the  front  surface  of  the  heart 
OD  which  the  lever  is  resting  Such  an  elevation  might  be  cftused. 
especially  if  the  lever  were  placed  near  the  apex,  by  the  heart 
being  "tilted"  upwards  during  the  systole,  hut  only  a  small 
portion  at  most  of  the  rise  can  l>e  attributed  to  this  cause ;  the 
rise  ia  perhaps  beat  seen  when  the  lever  is  placed  in  the  middle 
portion  of  the  ventricle,  and  must  be  chiefly  dnu  to  an  increase  in 
tint  front-to-boek  diametvr  of  the  ventricle  during  the  beat.  We 
shall  discus*  this  cnrve  Inter  tm  in  conncclion  with  "iher  eiirven, 
and  may  here  simply  say  that  the  part  of  the  curve  from  1/  tod 
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probably  corresponds  to  tho  actual  systole  of  the  ventricle,  ihnt  is, 
to  the  time  duriug  wliich  th«  fibres  of  the  veutricle  are  under- 
goiiig  coutraction,  the  8udd«[i  fall  from  d  onwards  representing 
the  rcluxulion  which  forma  the  first  part  of  the  diastole.     If  thi« 
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iiitttrpretalion  of  the  curve  be  correct,  it  is  obvious  that  the 
front-to-back  diaiuftcr  is  greater  during  the  whole  of  tlic  systole 
than  it  is  during  diastole,  since  the  lever  la  rained  up  all  this  time, 
ll  ffifiy.  however,  lit-  arym-d  lliat  tht  heart  thus  exposed  i«  subjuct 
to  abnormal  condltiimn  and  is,  in  di«sl«le.  somewhat  flattened  by 
the  weight  of  its  contents,  that  thi.s  ilritlcning  is  increased  by  even 
slight  pressure,  and  that  therefore   the  above  conclusion  is  not 

'  The  vsKirill  or  mlher  ciin-pd  IJiiM  (wgniculB  of  cifrlM)  hilrnliifn.l  itito  tlii> 
an<t  muiv  ollitir  nirvMi  nrc  o(  uw  for  ttio  purpow-  of  mpuurnix  jmrl^  of  Ihd  i-iirr«, 
A  i-oniiilptn  I'urvn  ilioulcl  pxliiliit  an  'ii(iin-i»tt '  linp.  Tliis  iiiny  I*  ilrawii  hv 
alloirtnic  Ihn  l«vor.  ar™ii(l''d  (tir  the  ^■^p^^im^•llt  but  r('ni»iniu(;  nl  rest,  w  mnrk  widi 
lu  nolTit  on  Ilin  rccuitling  surfHCP  firl  in  niiitinu  :  n  xttui^lit  lino.  Iho  nliulua  line. 
i(  thuii  rt«*ril*(l.  und  mjiv  bp  ilrawii  Xiyiorv  or  alter  tbc  ciinc  iu«l(  is  ninilH, 
•nil  mar  )>o  plnrrd  kbovc  i.>r.  pri>frrHl>1v.  Ih<1iiw  tbe  curve.  Wlicii  a  toning-fork 
or  other  (imn  ninrkor  is  uscri,  tb<^  tin*'  <>(  (lii  (imp  mHrkpr  or  ii  liuc  ilmwa  Ihnmgli 
thp  cnrve*  iif  tho  inntngfork  will  wn*  n«  »ri  aliwiwB  Wm.  Aflnr a  irncing  h» 
bocn  mniU,  Ihr  recording  sarfii-o  hIkhiIiI  Imi  linniiciit  bnck  to  such  U  [Kailion  tlint 
the  piiiiit  of  Ibo  lever  foiiici'Ii-s  wiili  si>iin'  [iiiiiiC  ■■!  lln'  rijrvt  whicli  it  in  dMirwl  lit 
itwrk  .  \i  the  lever  tie  tbrii  gi-nllv  iniiVMl  iiji  niii!  itnnii,  UiB  jurint  ol  tlic  Icvor 
will  ilaierihe  ii  w^nieiit  of  K  Tirt'lp  (III'.-  ii'iilri'  'if  wbit'li  titv  nl  XXit  Kxii  of  the 
lever),  which  sejjment  shtiuM  be  nintlc  l"ii;^  pikhikIi  I"  <*>>'  l"lli  lliv  curve  uid 
Ihe  nbaci!)*!!  lino  (the  tnniiiK-fork  rurve*  nr  ntbcr  tiiiio-uiarkiii^  iirx")  wlivre  thin  la 
ilrawn.  Bt  movinji  ihe  recordiiif;  mirfnce  lnirkwHnU  luiil  forwiinln,  »iinilnr  ncjj- 
iDenu  of  circle*  mnv  be  drau'n  ihron^ili  other  ihhhu  of  the  riirve.  The  linen 
".  ft,  c  in  Fi;t  3(1  were'  thn»  drnwn.  Tho  disUiiire  ("iiHpi'n  «nv  Imu  of  t!)cm>  (wiiita 
may  thus  he  mea»nrtid  on  the  inning-fork  rnne  or  ofbertiino  iiirm.ijiijii  ilii>  abBcifiin 
lini?.  .Similni  llnei  mnr  lie  drnivii  in  Ihe  irneinR  ikftri  it*  rciniixil  fmni  iVv.  nirurillntt 
iiwlraineiit  m  the  folloWing  wnv,  Tntte  n  pair  of  ecintuMHMi.  tlm  two  foint*  iif  uliich 
Mrv  fixed  }uat  U  farapntl  oa  the  lentrth  of  the  lever  uned  in  t!i(<  I'MWriniKnt,  riirivinr*^ 
(mm  i'1«  nxiii  to  it*  vrrilinp  point.  By  meant  uf  the  ti'inpii"*""  ilnd  tliB  jioiitifrii  nii 
Ihn  tnwinit  of  the  centre  of  the  rircle  '-l  which  any  one  of  Iho  pTnvioiiaty  lirnvti 
curvpil  tines  fnrm>  a  lei^enr.  ThroDRh  thiH  centre  draw  a  liiiA  (inriittel  In  Ihv 
aliM-iiKi,  Bi'  keoirinR  one  |>oinI  of  Ihe  compim  on  tliin  linn  liiit  moling  it  Ii1»iig 
the  liiif  bwVwarili  or  forwaftl*,  a  iie([inen(  of  a  cirel*  may  1*  ilmwn  no  a*  lo  cm 
»ny  pnint  of  the  curve  that  mav  be  desired,  ami  nlmi  the  al>«i-i»*«  line  or  thn 
lime  line.  Buch  a  Bcgmenl  of  li  cirrle  mny  >«•  iiaud  fur  thi>  nanin  |iur]XHi«  a* 
the  ortj(rn:\1  t>(te  nnd  anv  uiinit>er  of  itiir]!  vegnienlA  itiiiv  be  drawn 
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valid.    And.  indeed,  it  U  maintained  by  some  that  the  fnmt-to- 
b«ck  diatnet<^r  does  actually  diminish  during  systolo. 

But  it  is  at  least  clrur  that  the  front-to-hKck  diamut«r,  even  if 
it  does  not  iocrvasv.  diminishvs  far  k-»s  thuu  does  Uitt  8ide-to-«idfl 
diamet4?r ;  aud  hence  dunii<^  tht-  systulv  thero  is  a  change  in  the 
form  of  tli«  s«cliuu  of  the  hiise  of  th«  vcrilriules.  During  the 
dinstoli:  tht»  has  souiiiwhat  ttie  form  of  an  ellil'se  with  lUc.  long 
»xis  from  side  to  «ide,  but  with  the  (rout  pan  of  the  ellipae  much 
more  o»nvex  than  the  hack,  since  the  back  surface  of  the  ventricles 
i»  somewhat  Hatteiie<I.  During  the  systole  this  ellipse  is  converted 
into  a  figure  much  more  nearly  resembling  a  circle.  It  is  urj;cd, 
moreover,  that  the  whole  of  the  base  is  constricU-d,  and  that  th« 
greater  eftlcieucy  of  the  auriculo-venlriculur  valves  is  thereby 
secured. 

As  to  the  btthaviour  of  the  long  diameter  from  base  to  apex, 
obMrvon  arc  not  agreed ;  some  maintain  that  it  is  shorlcned.  and 
other*  that  it  is  practically  unehiinfjvd.  And,  in  iiny  rase,  a  change 
in  this  diameter  plays  little  or  iii>  part  in  the  expulsion  of  the 
contents  of  the  ventricle ;  this  exptihiion  is  elTecied  by  the  contrac* 
lion  of  the  more  transversely  disposed  fibrwi,  whereby  the  pavity  is 
reduced  to  aa  elongated  slit  Moreover,  if  any  shortening  does  take 
plactf  it  must  be  compensated  by  the  elongation  of  the  great  vessels, 
which,  as  stated  above,  may  be  seen  in  an  inspection  of  the  beating 
heart  For  tbcro  ig  evidence  that  the  apex,  though,  as  we  have 
Men,  it  is  aomewhnt  twUted  round  during  the  systole,  and  at  the 
Mme  tiin-«  brought  clmcr  to  the  chest-wall,  d<ms  not  change  it« 
position  up  or  down.  i.r.  in  tlie  long  axis  of  the  body.  If  in  a 
rabbit  or  dog  a  needli>  be  thrust  through  the  chest-wall  so  that  its 
point  plunges  into  the  apex  of  the  ht-arl,  tliough  the  needle 
quivers,  its  head  moves  neither  up  nor  down,  ns  it  would  do  if  ili 
point  in  the  ajtex  moved  down  or  up. 

During  syatole.  broadly  speaking,  the  ventricles  undergo  a 
diminution  of  total  volume,  equal  to  the  volume  of  contents 
discharged  into  the  givat  vessels  (for  the  walla  themselves  like  all 
muscalar  structures  retain  their  volume  during  contraction  save 
for  clianges  which  may  take  place  in  Uie  quantity  of  blood 
contained  in  tlieir  blood  vessels,  or  of  lymph  in  the  iniermoscular 
mces),  while  they  undergo  a  change  of  form  which  may  l>o 
described  aa  that  from  a  roughly  hemispherical  ligure  with  an 
invgnlarly  elliptical  section  to  a  more  regular  oonn  with  a  more 
nuarly  circular  baaa 

I  111.  Cardiac  Impuiae.  If  the  hand  be  placed  on  the  chest, 
a  shock  or  impulse  will  be  felt  at  each  beat,  and  on  examination 
this  impulse. 'cardiac  impulse,' will  be  found  to  be  synchronous 
with  the  syntnle  of  the  ventricle.  I  n  man.  the  cardiac  impulse  may 
l>e  U'iKt  distinctly  fell  in  the  Rfth  costal  interspace,  about  an  inch 
below  and  a  little  to  the  median  )>idu  of  the  left  nipple.  In  an 
animal  the  same  impulse  may  also  be  fell  in  another  way.  vie 
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by  mnkiag  an  incision  through  tlie  diaphragm  from  the  abrlo- 
men,  nnd  placing  the  tiu^r  bL-iwcoii  t)ic  ohvsl-wnll  and  the 
apex  It  then  cnn  bo  distinctly  recoguiwd  as  tlie  resnlt  of  the 
hnnlening  of  the  vunlncle  during  llic  systole.  And  the  impiike 
whicii  i3  felt  on  the  owtside  of  the  chest  is  chie&y  th<?  «.'tT>.'i.'t  of 
the  same  hnrdening  of  tlie  slatioiiury  portion  of  ihu  vetilricie 
in  contact  with  the  cheai-wall,  transmittud  through  the  che.il- 
wall  to  the  finger.  In  iw  flaccid  state,  during  diastole,  the 
apex  is  (in  a  standing  position  at  least)  at  this  point  in  contact 
with  the  chest-wiill.  lying,  soinewhiit  tiatU-ncd,  between  it  and  the 
tokT«hly  resistant  diaphrngm,  Dnring  tlie  systole,  while  being 
brought  even  closer  to  the  chest-wall,  by  the  tilting  of  the  ventriclu 
and  by  the  inovuiuunt  to  the  front  and  to  Uie  right  of  which  wu 
have  already  spoken,  it  suddenly  grows  ti;uae  and  hard,  and  hueomes 
rounder.  The  ventricles,  in  executing  their  systole,  have  to  contract 
■gainst  resistance.  They  Iiave  to  produce  within  their  cavities, 
imjssures  creater  than  those  in  the  aorta  and  pulmonary  arteries, 
wapectivety.  This  is,  in  fact,  the  object  of  tho  systole.  Hence, 
during  the  swift  systole,  the  ventricular  portion  ot  the  heart 
becomes  suddenly  tense,  somewhat  in  the  same  wny  «s  ji  blwdder 
full  of  fluid  would  become  tense  and  hard  when  forcibly  squeezed. 
The  sudden  jin-^-^iiri'  exertod  by  the  ventricle  thus  rendered  sud- 
denly Wnse  at)d  li nl,  iiided  by  the  closer  coTitnct  of  the  ai>ex  with 
the  cliest-wftll  (wlmli.iiowever,  by  itself,  without  the  hardening  of 
contraction,  would  be  insntticient  to  produce  the  effect),  gives  an 
impulse  or  shock  both  to  the  chest-wall  and  to  the  diaphragm.  If 
the  modification  of  the  sphygmograph  (an  instrument  of  which  we 
shall  spcnk  later  on.  in  dealing  with  the  pulse),  called  the  cardio- 
gnph,  be  placed  on  the  spot  where  the  impulse  is  felt  most 
atrongly.  the  lever  is  seen  to  be  raised  during  the  systole  of  the 
ventricles,  and  to  full  again  as  the  .systole  passes  away,  very  much 
a.s  if  it  were  placed  on  the  heart  directly.  A  tracing  may  thus  be 
obtained,  see  Kig.  -16,  of  which  we  shall  have  to  speak  more  fully 
later  on.  see  §  116.  If  the  button  of  the  lever  be  placed, 
not  on  the  exact  spot  of  the  impnW.  but  at  a  little  distance 
from  iti  the  lever  will  be  depressed  during  the  systole.  While 
at  the  spot  of  impulse  itself  the  contact  of  the  ventricle  ia 
increased  during  systole,  away  from  the  sjKit  the  ventricle  (owing 
to  its  change  of  form  and  suhseijuently  to  iL<t  diminution  in 
volume)  retires  from  the  chest-wall,  and  hence,  by  the  mediastinal 
attachments  of  the  pericardium,  draws  the  chest-wall  after  it. 

§  112.  The  Sounds  of  the  J/rnrt.  When  the  ear  is  applied  to 
the  chest,  either  directly  or  by  meims  of  a  stethoscope,  two  sounds 
are  heard.  —  the  first  a  comi«mtively  long,  dull,  booming  sound, 
the  si'cond  a  short,  sharp,  sudden  one.  Between  the  first  and 
swond  sound*  the  interval  of  time  ia  very  short,  too  short  to  be 
easily  meiisnred,  but  between  the  second  and  tJie  suocevdiug  first 
sound  tb«re  is  a  distinct  pause.    The  sounds  have  been  likvoed 
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lo  tlie  pronunciation  of  the  sfllablea  lubb  ddp,  so  that  the  cardiac 
cycle,  A3  far  an  the  sounds  are  concerned,  might  be  repreaented 
hjr:  —  Iflbb,  dap,  pause. 

The  aeeond  tonnd.  vrliich  is  short  uud  sharp,  presents  no  diUJ- 
cultivs.  It  is  coiDcidoDl  in  point  u(  tiiu«  with  the;  clvsure  of  lh« 
semilantir  viilves,  nud  Js  heard  to  iiia  be^t  advantage  ov«r  the 
secoiid  right  ostal  cartilage,  clotie  to  ita  junction  with  the  sternum, 
i.  t.  at  lh>t  point  where  the  aortic  arch  comes  nearest  to  the  surface, 
and  Ui  which  sounda  generated  at  the  aortic  oritice  would  be  best 
cotiduoled.  ltd  characters  are  sucb  as  would  belong  to  a  sound 
generated  by  membranes  like  the  semilunar  valves  being  suddenly 
made  lense,  and  so  thrown  into  vibrations.  It  is  obscured  and 
altered,  or  replnocd  by  'a  murmur,'  wht-n  the  semilunar  valves 
arc  nffwU-d  by  disease,  and  may  be  artificially  obliterated,  a 
niurtuur  uking  ita  p]ac«,  by  passing  a  wire  down  the  arteries,  and 
hooking  up  the  aortic  valves.  There  can  be  no  doubt,  in  fact, 
that  tlie  second  Round  is  due  to  the  semilunar  valvea  being  thrown 
into  vibrations  at  their  sudden  closure.  I'lie  sound  heard  at  the 
second  right  costal  cartilage  is  chiefly  that  generated  by  the  aortic 
valvea.  and  murmurs  or  other  alterations  in  the  eound  caused  by 
changes  in  the  aortic  valves  arc  heard  most  clearly  at  this  spoL 
But  even  here  the  sound  is  not  exclusively  of  aortic  origin,  for 
in  certain  caa4;s.  in  which  the  semilunar  valve-s  on  the  two  sides 
of  the  heart  are  not  wholly  synchronous  in  action,  tbti  sound 
beard  here  is  double  ("  reduplicated  second  sound"),  one  being 
due  to  the  aorta,  and  one  to  the  pulmonary  artery.  When  the 
sound  is  listened  to  on  the  left  aide  of  the  stenium  at  the  .same 
level,  the  pulmonary  artery  is  supposed  to  have  the  chief  share  in 
producing  what  is  heard,  and  changes  in  the  sound  heard  more 
clearly  here  tlian  on  tlic  right  side  arc  taken  aa  indications  of 
mischief  in  the  pulmonary  valves. 

Tkt  Jtr»{  touad,  longer,  duller,  and  of  a  more  'booming' 
character  than  the  second,  heJird  with  greatest  distinctness  at  the 
spot  where  the  cardiac  impulse  is  ft'lt.  pivsuute  many  difficulties 
in  the  way  of  a  complete  exphinatioii.  It  is  heard  distinctly  when 
the  chest-walls  are  removed.  The  cardiac  impulse,  therefore,  can 
have  little  or  nothing  to  do  with  it  In  point  of  time,  it  is 
coincident  with  the  systole  of  the  ventricles,  and  may  be  heard  to 
tht!  greatost  advantage  at  the  spot  of  the  cardiac  impulse ;  that  is 
to  say,  at  th«  place  where  Uie  vuntricles  come  nearest  to  the 
surface,  and  to  which  sounda  generated  in  the  ventricles  would  be 
best  conducted. 

It  is  more  closely  coincident  with  the  closure  and  consequent 
vibrations  of  the  auriculo-ventricular  valves  than  with  the  entire 
systole;  for  on  the  one  hand  it  dies  awaj  l)efore  the  second 
sound  begins,  whereas,  as  we  shall  see,  the  actual  systole  lasts 
St  least  up  to  the  closure  of  tbe  semilunar  valves,  and  on 
the  other  batu)  tlie  auriculo-ventricular  valvea  cease  to  be  tense 
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And  to  vibrat«  so  soon  a»  the  coDU>tits  of  t1i«  ventricle  are  driveD 
out  This  snygests  that  tiie  aoimd  is  caused  l»y  i\w  sudden 
tension  of  the  atiriculo-vsiitriciilar  valves,  and  this  view  is  sup- 
ported by  the  facts  that  the  sound  is  obscured,  altered  or 
replaced  by  murmurs  when  the  tricuspid  or  mitral  valves  are 
diseasi-d.  and  that  the  sound  is  also  altered  or,  according;  to 
some  i)bHorvi.Ts,  wholly  done  siwny  with  whfu  blood  is  prevent«d 
from  eiilwring  the  ventricles  by  lif;iiture  of  the  venie  cavte.  On 
the  other  hand,  the  sound  luiis  not  that  shurp  character  which 
one  would  expect  in  a  sound  generated  by  the  vibrution  of 
membranes  such  as  the  valves  in  question,  but  in  its  booming 
qualities  rattier  suggests  a  muscular  sound.  Further,  accordinR 
to  some  observers,  the  sound,  though  somewhat  modified,  may 
still  be  heard  when  the  large  veins  are  clamped  so  that  no  blood 
ent^Ts  the  ventricle,  and.  indeed,  miiy  be  recognized  in  the  few 
beats  K'ven  by  a  mammalian  ventricle  rnpidly  cut  out  of  the 
living  body  hy  an  incision  carried  below  the  aunculu- ventricular 
ring.  Hence  the  view  has  been  adopted  that  this  first  sound 
is  a  muscular  sound.  In  discussing  the  luuseular  sound  of  skeletal 
muscle  (see  §  75),  we  saw  reasons  to  distrust  the  view  tlint  this 
sound  is  generate.d  by  the  repeateii,  individual,  simple  contrac- 
tions which  make  up  the  tetanus,  and  hence  corresponds  in  tone 
to  the  number  of  those  simple  contractions  repeated  in  a  second, 
and  to  adopt  tlie  view  that  the  sound  is  really  due  to  a  repetition 
of  unequal  tensions  occurring  in  a  muscle  during  the  contraction. 
Now,  the  ventricular  systole  is  undoubtedly  «  simple  contraction,  a 
prolonged  simple  contraction,  not  a  tetanus,  and,  therefore,  under 
the  old  view  of  the  nature  of  a  muscular  sound,  could  not  produce 
(uch  a  sound)  hut  accepting  the  other  view,  and  refieeting  how 
complex  must  be  the  course  of  the  systolic  wave  of  eontraciion 
ovi-r  the  twisted  fibres  of  the  ventricle,  we  shall  not  find  great 
dilUculty  In  supposing  that  that  wave  is  capable  in  its  progress  of 
producing  such  repetitions  of  unequal  tensions  as  might  give  rise 
to  a  '  muscular  sound,"  and.  consequently,  in  regarding  the  first 
sound  as  mainly  so  caused.  Accepting  such  o  view  of  the  origin  of 
the  sound  we  should  expect  to  nnd  the  tension  of  the  musi-ular 
fibres,  and  so  the  nature  of  sound,  dependent  on  the  quantity  of 
fluid  present  in  the  ventriculnr  cavitie-t  and  hence  modifie<l  by  liga- 
ture of  the  great  veins,  and  still  more  by  the  total  removal  of  ibe 
auricles  with  the  aurioulo- ventricular  valves.  We  may  add  that 
we  should  expect  to  find  it  modi6ed  bv  the  escape  of  blood  from 
the  ventricles  into  the  arteries  during  tlio  systole  itself,  and  might 
regard  this  as  explaining  why  it  dies  away  before  the  ventricle  has 
ceased  to  contract. 

Moreover,  seeing  that  the  auriculo-ventricular  valves  must  be 
thrown  into  sudden  tension  ftt  the  ou.'tet  of  the  ventricular  systole, 
which,  as  we  have  seen,  is  developed  with  considerable  rapidity, 
not  far  removed  at  all  events  from  the  rapidity  with  which  the 
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semiluuar  valves  are  closed,  a  rapidity,  tbeiefore.  capable  of  giving 
rise  to  vibrations  ot  the  vftlves  tidvquutc  to  produce  a  aound,  it  is 
difficult  to  Mcap»  the  coiiclusiuii  thnt  the  clusure  uf  theHc  valves 
must  also  [^encmie  n  soiiad,  which  in  it  iionually  beating  lienrt  is 
mincled  witb  tlit;  sound  of  miini^ulnr  origin. 

If  w«  nccvpt  this  view  that  the  sound  is  of  double  origin, 
partly  '  inuscuKir,'  partly  '  valvular*  both  causes  being  dependijtit 
on  the  tension  of  the  ventricular  cavities,  we  can  perhaps  more 
easily  uiidersLand  how  it  ia  that  the  iiormnl  lirst  sound  is  at  times 
so  largely,  iii<leed,  we  may  say  so  completely  altered  and  obscured 
in  diseases  of  the  auricul'>- ventricular  valves,  and  how  it  may  also 
be  modified  in  character  by  changes,  such  us  hypertrophy,  of  the 
muscular  walls. 

Siuou  the  left  ventricle  forms  tho  vnlire  U*ft  ap<.'x  of  the 
heart,  the  murniuiH  or  other  Hmngt^s  of  the  lirsl  sound  heanl  mo&t 
distinctly  at  tlie  iipot  of  cardial^  impitUe  lielong  to  the  mitral  valve 
of  the  left  ventricle.  Murmurs  generated  in  the  tricuspid  valve 
of  the  right  ventricle  are  heard  more  distinctly  in  the  median  line 
below  the  end  of  the  sternum. 

§  113.  Jindocardiae  Presmre.  Since  it  is  the  pressure  exerted 
upon  the  contents  of  the  ventricle  by  the  contraction  of  the 
ventricular  walls  which  drives  the  blood  from  the  heart  into  the 
aorta,  and  so  maiutJiius  the  circulation,  the  study  of  this  pressure, 
endocardiac  pres^ur*;.  is  of  great  importance.  The  mercurial 
manometer,  so  u.seful  in  a  general  way  in  the  study  of  arterial 
pressure,  i«  unsuited  for  the  study  of  endocardiac  pressure,  sioc« 
the  great  inertia  of  the  mercury  prevents  the  instrument  respond- 
ing properly  to  tlie  exceedingly  rapid  changes  of  pressure  which 
take  place  in  the  heart.  We  are  obliged  to  have  recourse  to  other 
instruments. 

One  method,  having  been  used  by  Cbauveau  and  Marey  in 
rv8carchi-8  which  have  become  'classic,'  deserves  to  be  noticed, 
though  it  is  not  now  employed.  It  consisu  in  introducing,  iu  a 
large  animal,  such  as  a  horst^  throufjh  a  blood  vpssi-I  into  a  cavity 
ot  th«  heart,  a  tube  ending  in  an  e)aj<tic  bag.  Vi^.  37  A,  both  tube 
and  bag  Ix^ing  filled  with  air,  and  the  tuW  being  connected  with 
a  Rcording  '  tambour.* 


A  tube  of  ai>pr<ipnat«  curTfltan?-,  A.  A.  Pig.  3T>  is  fumishvd  at  its 
tnd  with  an  flantic  bag  or  -nnimijin  '  n.  Such  ati  inatnimcDt  is 
Kpoken  <rf  as  a  '  cardiac  vound.'  Whrti  it  in  dpj>irvd  to  explore  simul- 
taovoaslj  both  auricle  and  ventricle  the  «ound  i>  fiirnishcxl  with  two 
nmpalla),  oao  at  thr.  i^xtmzai:  end  and  the  other  at  *na\i  adiitance  that 
when  tbo  fortm-r  is  within  the  ravity  »f  thu  vtiitriclr  the  latter  is 
within  thr  i^vily  iif  lh<;  Buricli>.  EiiHi  *  um]mlln  '  cnmmuiiimles 
by  a  M>iinraie  air-tight  tubr  nith  an  uir-liKhl  liunboar  (Fig.  37  H) 
on  which  B  lever  n.-»tH.  ko  that  any  [in-niiurt  on  the  ampulla  i* 
oanmnuic-ite<l  to  the  cavity  of  its  icti^ivclive  tainbour,  tlw  Icvsr  of 
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wbicfa  ia  raised  in  proportion.  When  two  ainptillffi  ai«  ustHl,  ilic 
wiitiQg  poiuts  of  botb  Ipven  oni  brougbl  to  bear  on  Uia  wuhq  le- 
coKiiiiy  surfiUMi  nxuttly  uiuliimcntli  cacti  other.  The  tube  is  onntfutly 
iutruducL-d  ihrouKb  tlm  ri((ht  jugular  vein  into  ih«  riitht  aidp  of  the 
lieuri  uuiil  thu  lower  (voutricular)  ampulla  m  I'airly  in  the  cavity  of 
Ui«  right  vc'iilriclu,  mid,  consoyueutly,  lli«  upjH-r  (iiuricular)  amptLlU 
in  ihu  ciivily  gf  tho  right  auricle.  ChntiKv*  of  pressure  on  eithut 
uiupullu,  ihuii,  cnu88  movcmeuta  of  ilia  Riirri'-iiponding  lover.  When  tlie 
pccMuro,  for  iu»Uiice,  on  the  uiupullu  in  llio  auricJo  U  iiioi'eiuied,  iho 
uiriculor    Ittvor    ia    luistid    und    dit.icribi^s    on    the  recording   surfiu't?  iia 
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A.  A  »iiiipli^  canliiK  nounil  nieh  m  nay  ho  umhI  (or  oinloratinn  n(  llie  l«ft 
mttrida.  The  porlitin  1  <•(  ilin  iitniiiilln  nt  ihn  ritd  !i  of  tlilii  iiulla  mhtwr,  *irHti'h«<I 
0>«r  an  Op«n  InLiiicwurk  willi  ini'tHlUi-  mpjMTt*  xhint  >ni]  li«ln<r.  Tha  Inng  liiU)  A 
MTTtvi  tu  lolrwluce  it  'idU>  lliv  iHvity  which  it  it  itulred  to  cxjilore, 

B.  Till*  I'miilxiiir.  Tlie  mntnl  Fhanibot  w  ii  coi-treJ  in  an  airliehl  manmir 
with  tlin  iiMlUniMx-rf.licariDK  n  tliiii.  lUMa]  pluo  n',  tu  nhich  ItotCached  tho  lever/, 
iiiiivlutC  on  llii' liitiK"  ^'  Thn  whole  tiHnbouTean  Iw  pUreil  by  mpan*  ol  Iho  clunp 
(V  at  any  hftl|lht  on  iho  upright  i'.  'Hie  iiiili»  rnlibrr  lubo  l  icnM  lo  conucrl  ibo 
Cnttirlor  of  ih*  uunhour  oitnor  with  the  catili  of  the  Hinpulht  of  A  or  with  am  other 
Orlly.  Snppoaltif;  thnl  the  lube  I  o/erv  oMiDiM'tvd  wtin  i.  auy  premurc  Pifrud  on 
a  WMtlil  t*am  the  roof  ul  tho  tainbour  to  rJMi  auil  the  puial  of  tliu  lerrt  Hontd  tm 
propmrtioiuielj  faiieil. 


MOMidtng  eoTTft!   whan  tho  pre«sure  is  toJcsn  off,  tho  corvo  dMMtida, 
— rad  ao  alM  witfa  the  ventricle. 

The  'sound*  raay  in  a  umiUr  iiianD«ir  be  introduced  tliroo^b  the 
cuotid  artery  into  the  left  ventricle,  being  slipped  past  tlte  oortM 
v&lrca,  and  ttiua  the  changes  taking  |4nce  in  that  cliaiubet  also  may  bo 
axphMvd. 
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Whvn  this  inBirument  is  applied  to  the  right  auricle  and 
rPDtriclK  soutv  sncli  record  is  olttuiucrd  as  that  sbowQ  in  Fig.  38, 
wIktc  the  upper  curve  is  u  trnciti<;  tnkuii  from  the  right  auricle, 
and  thft  lower  curve  from  the  right  veutriclu  of  thu  horsu, 
both  curves  being  taken  Himultaiit-ouHly  on  tlie  same  rv^oriliiijj 
surfaoa.  In  these  curves  the  rise  of  the  lever  indiotites  pressure 
exerted  upon  the  correHponding  aropuDa,  and  the  upper  curve, 
from  the  right  auricle,  shews  the  sudden,  brief  pressure  b  exerte«l 
by  the  sudden  and  brief  auricular  systole.  Tlie  lower  curve,  from 
the  right  v«ntricle,  shews  that  the  pressure  exerted  by  the  ventric- 
ular systole  lii'jjins  almost  imnicdiiiLvly  after  the  fturiculHT  systole, 
incrensvs  very  rapidly  indc-ud,  w  that  the  lever  riaes  in  nluiosi  a 
Umight  line  up  to  r*.  h  ciitilinu<,-d  for 
some  coniidomble  time,  and  then  falls 
very  rapidly  to  reach  the  base  line. 
The  figure,  it  must  be  understood,  does 
not,  by  itself,  give  any  information  as 
to  the  relative  amounts  of  prcsmire 
exerted  by  the  auricle  and  ventricle 
lespectircly ;  indeed,  the  movfiucuts  of 
the  auricular  l«ver  aiw  much  ln'i  f^rcit 
compared  with  those  of  Uie  ventrinular 
l«ver.  Tlie  figure  ia  chiefly  useful  for 
giving  a  graphic  general  view  of  the 
series  of  events  within  the  cardiac  cavi- 
ties during  a  cardiac  cycle,  the  short 
■uricnlar  prcssuiv,  the  long-continued 
ventricular  pressure,  lusting  nearly  half 
the  whole  |H-ri<Hl,  and  the  subsequunt 
muse  when  both  parts  are  at  rest  or  ia 
oiutole. 

Among  the  mare  trustworthy  methods  of  recording  the 
changes  of  cndocardiac  pressure,  we  may  first  mention  that  of 
Roy  and  Uolleston. 
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Pio.  3H.    SmutTASilunn  niAcniom 

RHOK    TMK  KlUIII  AUNICUE,  AMI 

ViiHTK[(-Lit.     iir     TUB     llnn». 

lArTKHCltAUVIAUJtnuMlKBri} 


By  means  of  a  sitort  rannttk  inltoditfiM  t1irouf;h  a  Inr^e  r«SBeI,  or 
dtnctly,  af  ■  tiociir,  thmiiKh  thn  w;l1!«  of  the  vimtricln  (i>rai)ricl«),  the 
btood  in  tbo  cavity  in  bmught  to  bisir  nn  nn  Ruily  niovin)(  piiiton. 
The  moTflDUUtta  of  Ihw  piston  nn  rwsonloil  by  n  I^vi-r,  noil  the  evil* 
u(  invrtia  are  mot  by  making  the  piston  iui<l  l«v«r  work  a^inst  tho 
tonioa  of  a  st«et  ribbon,  the  lengtli  of  which,  anil  cnnsoqiioiitly  th« 
reaiatance  i>irtr-.i  by  ahicli,  and  Iwoce  the  oiccarsiona  of  th«  piston, 
can  be  variol  at  iili-asur*). 

We  give  US  examples  of  cun-es  obtained  by  this  method 
two  corves  from  the  left  ventricle,  one  (Fig.  39  At  of  a 
rapidly  beating,  and  the  other  (Fig.  39  R)  ol  a  slowly  beating 
heart 
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F».  SO.    CcBTKS  OF  EimooiKDuo  Pbihcbk.  Fbon  Lkft  Tbhtbicu  or  Doo. 
(Rojr  and  KolleMOD.) 

A.  a  qolcklj  beating,  B.  a  more  slowlj  beatiDg  heait. 

An  instrument  which  has  been  much  used  of  late,  and  the  use 
of  which  has  given  very  valuable  results  is  the  "  membrane-niBno- 
met«r"  of  Hlirthle. 


Via.  40.    Tmt  HiiiBKAin-xiKOHETEB  or  Bckthlb  i 


<  For  thti  flgnre  I  am  Indebted  to  Hr.  Albncht,  the  UnlTeid^  Inatnuneiit- 
maker  at  TUUngea. 
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Thia  conajfttH  csmMitiall.r  of  a  very  small  metal  dram  or  t&fflbou 
(Fig.  41  u)  Hviii«n'bat  liki'  tliut  u(  Marcy,  but 
lipmi*phcrical  unil  not  nioru  tliaii  16  iiini.  in 
tlminvtvr,  (.-iidtug  below  in  a  tiibi-  Ir,  In  Fig. 
40  the  iuHlrunH'iil,  with  its  Imldirr,  in  si'en  from 
Kburu.  Tile  Ftrcuiii]  k-virr,  oliidi  lii  iitolionleiis, 
i»  fur  the  purfiusi-  of  ilcstTibinK  tlii.'  baiut  line. 
TIi«  itcR'w-lai)  ou  lilt  tiibi!  li-uilioK*  i"  the  ligure, 
iiptu  iheUmbour.  iiiforthi>iiuqi"si-of  diminish* 
ing  thp  calibre  of  llit-  tube  and  »•->  uf  *daiii|iiiig  ' 
lire  i  11*1  ru mem.  On  tli«  riKbl  of  llif  tambour  in 
tile  fipire  are  seen  the  HrratifiemenlB  for  adjust- 
ing tlie  lovers.  In  Fij[.  Jl  ibe  lubei  by  vrllich 
tlw  catlHttcr  is  connected  will)  ibo  tambuur, 
ia,  fur  convenient^  of  llliii^lraliun,  uliewn  aa  I'l'''*!-  Diaoe*ii  toil- 
directed  pawllel  to  ibo  Itver.  in-tt-a.!  of,  aa  irATpVaT^'o/uuL 
in  the  inHtmnient  itlwU,  at  xinhl  Hiit;lea  to  it.  tiii.k'i  hkmuuaxi:  ma> 
Tl>«  roof  of  llie  Uimbuur  is  su|ii>lti-d  by  a  ear^  kohkikk. 
fully  chuM-n  delicate  elastic  nieiubraiie  e  which 
b««r«  At  ita  centre  «  thin  m«tal  disc  d,  connected  hy  s  short  upright 
e  with  a  lev«r  {. 

A  catheter,  opened  at  the  end  or  with  « lateral  'eye '  and  fllled  with 
a  Bolnlion  of  magnesium  »ul])hale  or  with  somK  fluid  tending  to  check 
the  clotting  of  blood,  is  intniduL-ed  into  the  cavity  of  the  heart  which 
)t  is  drtired  to  explore.  It  may  be  introduced  by  the  jugular  vein  into 
the  right  auricle,  and  past  the  auricle  into  the  right  ventricle,  or  through 
the  carotid  artery  into  the  a^irta.  and  so,  between  the  semilunar  valvea, 
or  piercing  one  of  the  flaps  (the  perforation  seems  to  introduce  no  error) 
into  the  levity  of  tlw  left  ventricle;  or  the  etui  of  ilie  catheter  may  be 
left  ill  the  aorta  above  the  semilunar  valves  when  it  is  dcsiretl  to 
iRV«stigat«  iho  prcasure  at  the  root  of  the  rmrUu  The  cavity  of  the 
tambour  also  is  filled,  not  with  sir,  as  in  Marey's  tamliimr,  but  with  tlio 
•une  fluid  as  in  tlie  catheter,  or  witli  wat<ir)  and  the  tuboof  tho  tamhnur 
b  0OBii«ctod  with  the  catheter. 

Variations  of  pmuum  wiihtn  tho  cavity  of  the  heart  are  tmnnnitted 
throagh  tha  AukI  of  thn  cAth«t«r  to  tbo  fluid  in  tho  tambour,  and  thus  put 
into  morenMnt  tha  dastie  roof  of  the  tambour  ;  the  movements  of  the 
■laatie  roof  sre,  in  tarn,  tranaroitted  to  tho  lever,  which  nwotds,  in  the 
usual  manuor.  on  some  nwordiiig  sur&ice.  For  nieusurini;  the  uniouut 
of  the  changes  of  prMtiire,  tho  inslmment  ninsl  lie  timduateil  ex[ierU 
uentally.  Tlwre  aru  many  dutniU  in  the  instratunnt  wliich  need  not  bo 
deMrlbed  here;  but  we  muy  utato  thnt  tim  iuntninirnt  m.iy  ho  *iUni|>e(i,' 
rendered  IcM  Mnsilirc,  and  tlms  tho  frntureji  of  the  curvns  itn«  to 
inertia  laaniwl,  by  narmwing,  thronj;h  a  screw-Up,  the  communication 
batwacii  thn  calhi^tnr  ami  the  ciirily  of  tho  tambour. 

Tho  momhmna  of  (he  tambour  may.  by  means  of  an  irorjr  button, 
ba  bnoglit  to  bear  on  one  end  of  a  slip  of  steel,  pla^'ed  horiiontally 
mmI  brtaiwd  at  the  other  end,  so  as  to  act  as  a  spring.  Tin*  instrument 
llMa  becomea  a  "  springMnanometer."  Tha  small  movementa  of  the 
■pting  canted  by  the  niovementa  of  liie  taembmiw  ot  ihe  tambour  an 
maguiKed  hj  a  reourdiu};  lerer. 
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F^.  42  gives  a  carve  of  cndocardinc  prwsaurp  of  the  left 
venlriclo  of  tlio  dof^  oV>liu[iud  by  this 
Biclliod.  Till;  n;ci»n.iiii{j  Mtirfnce  is 
tmw-lliiig  ([iiii.kly,  ami  tin;  iLoveiufiits 
of  the  lever  (ire  not  grent 

The  manometer  of  f!nd  differs 
from  thntof  llurthle  in  the  meiiibiniie 
being  replaced  by  a  thin,  elastic  diso 
of  mctul. 

Ill  tho  instrument  of  Frey  and 
Kr^'hl,  which  is  n  modiRcation  of  one  by  F'ick.  the  trnusmission 
i*  effected  partly  by  fluid  and  [wrtly  by  nn  iiir  liimbour,  the 
button  of  which  presses  against  a  horiKontnl  steel  spring. 


Via.  *a.      CCHTE    OF   PHE.HSI  IIK 

IN  THE  Left  VEvmiitu  ••/ 

TltlL     1>UU,     EU'HTIILK'»    MBM' 
U K Jk >£- S[  1 M V M £  1 1;  H • 


A  catheter,  filled  with  fluid  to  jirevcul  putting  and  iiitnidiiuud  into 

a  cavity  of  tho  heart,  h  comu'cted  willi  a  nl'""*  cjlindi-r,  nmintniiipd 
airufidly  in  a  vertical  (lositiuu,  tliii  I^wer  luilf  of  which  in  lilh-il  with 
the  Sfliue  fluid  as  is  tlx'  t-iilh<^lti-.  Thi?  iijijivr  hidf  nf  tlic  ryliniler,  <mh- 
tainiog  air  otdy,  is  con  him;  ted  by  a  very  iinrri.w,  in  f'lict  n  cnpillary  tube, 
wilti  a  #iDnll  tniiihour.  The  clinn){c«  of  j>icit*ijrc  within  thn  heart  aro 
trnnsniitteil  Ihrriujih  th<'  Bni<l  of  tlio  catheter  to  the  nir  in  the  cj'liiidcr, 
and  ao  to  tlio  nir  in  tiie  lanibuiir,  tho  nieniLntne  of  which  luoves 
accordingly  in  and  out,  A  button  on  the  memhrjiiie  preMes  on  a  liuri* 
iLuntid  Htee]  spring,  and  the  aniall  uiuveiuents  of  tho  membrane  lliu* 
iransmitled  to  tho  tiprinjj  are  recorded  by  tneuns  of  a  ningnityiiig 
lover. 

Other  inElrumentf  have  been  employed  by  other  observers. 
When  we  examin*^  the  curves  which  we  have  piven  (Figs.  38, 
89. 42),  obtuinod  by  ibreo  sfvoral  methods,  wc  find  that  they  agree 
in  the  [ollouing  main  featun-s.  The  curve  of  presaure  in  the 
ventricle,  whether  riyht  or  hfl,  rises  at  the  very  beginning  of  the 
»y»toie  with  very  great  rapidity,  very  siwn  reaches  its  mnximnm  or 
nearly  its  maximum,  mainUiitis  nearly  the  nanie  height  for  some 
time,  and  then  very  rapidly  descends  to  the  base  line  (which  in 
the-iR  figures  indicates  t!ie  pressure  ot  the  atmosphere)  or  even 
falls,  [or  a  brief  space, slightly  btdow  it,  and  remains  at  or  near  the 
base  line,  until,  at  the  next  beat,  it  nin'ats  the  same  changes. 
This  means  that  the  contraction  of  the  vcutrieulai  walls  in  the 
systole  acts  in  such  n  manner  iim  very  suddenly  to  raise  up  to  a 
certain  height  th«  pressure  within  the  ventricle,  which  during  the 
diftstide  was  at,  or  not  far  removeil  from  that  of  the  atmosphere, 
thai  the  pressure  is  maintained  without  nny  very  great  change  for 
fl  considerable  time,  and  that  it  then  falls  hack  to  its  original  level 
with  great  suddenness,  almost,  if  not  quite,  as  sudiienly  as  it  was 
raised.  These  are  the  important  features  of  the  pressure  within 
the  ventricle;  in  these  features  all  the  three  curves  agree,  Wa 
may  add  that  the  same  fentures  are  shewn  also  in  curves  of  pres- 
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SUTQ  taken  by  other  methods  ;  nnd,  indwd,  &s  ihvwn  iu  Fig.  36  aud 
in  others  which  wu  shall  giw,  oorr«8pom)ing  fenturei)  occur  in 
curvAS  of  otlicr  chrtiij^ts  in  the  heart.  All  these  curves  shew  a 
BatteDiDg  Diuiiitaiiii-d,  with  smaller  variational,  duciDg  the  con- 
tinuance of  the  sy.'«t<>Ie;  this  is  so  characteristic  that  it  has  been 
called  the  '  systolic  plateau."  It  is  true  that  curves  of  ventri- 
cular prossurv  taken  hy  certain  methods,  that  of  Frcy  and  Krehl's 
lor  instance,  do  not  shew  this  '  plateau.'  tlic  curve  in  suiili  aisi-* 
rising  gradually  to  a  maximum  and  immvdiatuly  beginning  to  fall, 
w  tliat  the  summit  is  a  simple  peak.  And  it  Is  arguvd  that  ^uch 
a  curve  Ls  the  true  curve  of  ventrtculur  pressure  always  obtained 
90  long  as  the  blotui  in  the  ventriclu  has  fr«c  access  to  the  interior 
of  the  catheter,  and  that  the  plateau  is  only  seen  when  the  end  of 
tbfl  catheter  is  tm  uiuir  the  apex,  and  its  opening  closed,  at  the 
height  of  the  systole,  by  the  veutricuUr  walls  coming  together;  the 
top  of  the  true  curve  is  thus,  us  it  vrm,  cut  otf.  liut  the  evidence 
U,  on  tlie  wliole,  opposed  to  this  view,  and  we  shall  accept  the 
pUto-au  fts  biting  a  true  repn^enUitioiL. 

Thouj^h  the  curvt's  jjiven  above  agr*?e  in  these  main  features, 
they  differ  in  many  minor  features,  and  other  features  also  of  minor 
value  appear  in  curves  of  endocardiac  pressure  according  to  the 
Tahoua  Circumstances  in  which  the  heart  finds  itself.  Some  of 
these  minor  features  we  shaU  presently  find  useful  in  discussing 
the  mechanism  of  the  bunt. 

§  114.  Tk<  output.  Since  the  use  of  tho  pressure  exerted  by 
the  ventricle  is  to  drive  a  miantity  of  lilnod  out  of  the  ventricle 
into  the  aorta  (or  pulmonary  artery)  it  is  impurUint  to  study  the 
'output'  or  quantity  of  blood  so  driven  out;  and  Kincc,  under 
normal  circumstances,  the  <{uantity  ejected  by  the  right  ventricle 
is  the  same  as  that  ejected  by  the  left  ventricle,  we  may  confine 
our  attenlioD  to  the  latter. 

Th4  normal  or  uv*;rage  output  lias  been  calculated  in  various 
ways,  by  help  of  certain  a.'<«uniptioiis ;  but  tliCM  wo  may  put  on 
one  side  sina-:  Uie  matter  has  now  beeu  nude  the  subject  of  direct 
experiuKulal  determination. 

litthad*.  Muthud  of  Slolnikoir.  This  eoniii«L«  in  nUciwtng  Ihe 
Muui]  to  flow  from  tlia  car>lid  into  n  vujwel  until  n  uirtnin  tnenauiDil 
qaantily  Iim  f!ii?u|i«I,  aiiil  tlii-n  rtitiirning  thin  hlnnd  Ui  tha  rt)[lit 
Mirichi  whilo  tho  btooil  fmni  Iho  enn>ti<)  is  Howitig  into  ■  (pcuiid 
nniUr  ti»mI  to  bo  similnTiy  rotoniod,  and  in  n!>pi>ntiiig  tl>i*  mnnoi'uvra 
■  CMtain  natnbor  nf  timne.  On«  c«n>li<l  i«  ti^iH  (tlic  snlmnl  buini;  a 
dog),  and  the  arch  of  t)i«  ocnA  pliisxcil  beyond  (Fig.  -13  p).  llw 
eircalatioa  is  (lius  confiim)  to  the  lun-j^  ami  the  coronary  sysl«aii. 
luto  tlio  otb«r  caroti'l  ts  itvA  a  tube  ooiin<-ci«<d  hy  a  furkcd  bnuiching 
la  aud  2a  with  twu  vphwU  I.  nml  II.,  which  al«o  commimiaito  by  a 
■imiUi  fiirkiH)  bnuiohiti^  Iraml  3 1- with  tbi-  riifbt  >uricl«.  Ttiu  blood 
i*  ttllown]  to  flow  thmUKb  lit  iiitn  I.  until  a  curtiiin  qnnntity  ho* 
Mcapod.     Than  la  is  clwKd,  wliilo  Sa  and  Iv  an  opened.     Tlie  blood 
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from  I.  flows  buck  liy  Iv  U>  Iho  right  siiricle,  while  tlie  blood  from  thn 
uiruliU  Sums  into  II.  by  '2ii.  Vt'heu  n  certain  quantity  has  eicnped 
iutu  11^  tbc  iLctii>ii  i^  rcverecd,  and  1.  u  QDc«  mora  lillod;  aud  go  on. 


n 


la 


8v 


Fio.  48.    DiAoujui  or  SraLiitKaw'it  ArrARATrg. 

In  tliia  uay  tlio  qiiatitity  of  blooil  wliiuh  the  b«^rt  dolivoK,  its  'output* 
iluriiiK  »  n'^-v-n  tiiuu  I'un  be  moHgured  ;  llie  qtiaiilily  OiiicliarKed  ut  * 
niiigli!  bent  can  Eimiliirly  Ik)  iK-ti-niiiiieil  By  tiicaiiB  i»r  recorOiiig  floats 
in  I.  anil  II.,  n  grapliic  reconl  of  Ibe  uiit|iiit  Riuy  uImi  bo  obliiini.iI. 

Tbe  other  iiiethoils  are  pUtAi/i'morfrapfiic  (§  104)  in  niitnru.  The 
volume  of  the  beiirt  ehangipa  only  with  tho  vnlumo  of  its  cniitcnt'i, 
for  wo  may  itogkct,  in  th«  tir«t  iiistAiico  at  IiwHt,  as  in)>igtiificaiil  tbo 
ohanges  of  Tohimo  due  to  chaii;;c«  in  thn  nmoinit  of  blootl  held  by  the 
coronary  ^jBUim,  and  we  may  wholly  negloci  thi>  Lhanges  of  volume  due 
to  oban;^  Jn  the  quantity  of  lymph  gtreseat  in  tlie  canliuc  tinsuefl. 
An  incKOMt  in  the  toIuiiio  uf  the  heart  niMiii  thut  mure  blriud  i*  flowing 
into  it  than  \t  lenving  it,  a  dnireaso  tbiil  mora  in  IcAving  it  than  i( 
llowing  into  it.  H(inei>,  if  wn  nionsurn  the  diminution  of  vobimo  which 
tttkca  pliUMi  duriiiK  the  syntolt^  this  givrJi  «k  the  volutno  of  blood  di»- 
chnrRod  by  tho  two  ventridos  diiring  that  systole,  the  effect  of  changes 
in  tho  auricl<-4  bcin;:  ii<>i:leet«<l  ;  and  since  the  tvo  ventricles  di«uluir-^o 
equal  quantiLiRa.  half  ttiis  will  give  ns  the  quantity  of  blood  dlschatged 
bj  the  loft  ventricle  dnrini;  tbe  eyslole. 

Ill   Um  Euetbod  of  Tigerstodt  and  others  the   pericnrdini  cavity  is 
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employed  u  Ut«  plvtli^siiiogropliic  choiuber,  the  changes  of  volame  in 
it  bcaug  tmnmiUwl  bj  air  to  the  rcconling  a[)paralua.  A  oaanuls  !■ 
introdiMsd  into  the  pcricanliuiu.  a  little  air  uuuiriug  at  tlMMue  tioM, 
uid  i*  cotiii«cl<.'<]  bv  uu  ikir  lutiv  with  a  ilulicutti  pJaloD,  the  inov«mei)U 
of  which  ue  reouidLil  iu  ibu  utual  vaj. 


Fw.  44.    Cakmomktck  or  Rot  Aim  Avun. 

Id  the  method  of  Roy  umI  Adami  tlw  buort  ii  placod  in  a  rigid 
mofal  box,  Fij;.  44  &,  the  cavitjr  of  which,  fillud  with  wanned  oil,  U 
•oniHrted  with  •  tif{hl  piston  e  uiJ  m>  wiUi  a  r««onling  lever.  Thn 
petiowdium  liEiii);  Util  open,  the  two  halvi«  of  the  box  are  plaeed 
round  llw  heart,  aro  eevuri'ly  &xnl  hj  mmns  of  an  india  rubber  naff  a^ 
U>  the  pnrintal  p«ri«nnliuro  miin<l  tlm  roots  of  the  grmt  Toaaelit,  and  an 
brooght  tOKOth^r.  'Ilin  cavity  ia  thrm  tilloil  with  oil,  and  Ihn  pinton, 
Ailed  with  oil,  i«  bnnighl  into  connection  with  Ihu  box,  the  lorer 
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and  rud  of  the  pinion  being  plnced  by  means  of  tho  india  rubber  spriiig  il, 
ill  aiicLi  II  puiitigii  timl  tlio  ^tcasuTe  vrithiu  the  box  is  somo  few  mm.  Hg 
bttkiw  llittl  lit  tiiG  atiBocjibure. 

By  these  molltods  it  has  been  delermiiied  thai  the  diminuLion 
of  the  vohiiiHr  of  the  huart  ftl  a  systole,  tho  "  coiiliactiou  volume  " 
as  it  has  inconveniently  been  uillud,  that  is  to  say.  the  quantity 
of  blood  discharged  at  a  syslolt;,  tho  output  of  a  systolu,  or  tho 
■■  puUe-volume  "  aa  we  may  cni!  it,  tor  it  ie  this  which  causes  tho 
pulse,  varies  very  much  undor  various  circumstunccs,  We  shall 
Lave  to  discuss  later  on  some  of  the  iuDucnces  beariii};  on  its 
amount.  Meanwhile  we  merely  cnll  iitt^ntiou  Ui  the  fact  that  it  does 
vary  largely,  and  that  any  numerical  statement  as  to  a  normal 
pulse-volume  has  relatively  little  value. 

Another  fact  of  considerable  iiii]«irlance  brought  to  light  by 
these  methods  is  that  under  certain  circumstances,  at  all  events,  the 
output  by  the  left  ventricle  during  a  number  of  beats  may  be  less 
than  the  intake  through  the  right  auricle.  This  means  that  under 
these  circumstances  the  ventricle  does  not  at  the  'Systole  discharge 
the  whole  of  it«  contents :  some  of  tho  blood  reintiins  liehind  in 
the  cavity  of  the  ventricle  at  the  clese  of  the  systole.  Hence  the 
assumiition  tliftt  tlie  ventricle,  in  it«  systole,  always  discharges 
the  wholf  of  its  contents,  so  as  to  be  quite  empty  at  the  onset  of 
diastole,  is  not  true;  the  ventricle  may  completely  empty  itself 
but  it  by  DO  means  always  does  so. 


Hie  Mechanism  of  the  Beat. 

%  lis.  We  may  now  attempt  to  consider  in  rather  more 
detail  what  we  may  call  the  mechanism  of  the  beat,  that  is  to  say. 
the  exact  mnnnt-r  in  which  the  heart  receives  and  ejects  the  Wood. 
For  thin  purpose  we  shall  need  certain  data  io  addition  to  those 
on  which  we  have  already  dwelt. 

In  addition  to  the  curve  obtained  by  placing  "  lij;ht  lever  on 
the  exposed  heart  (Fig.  46),  a  methwl  whicli  thonyh  useful  is  open 


Fig,  ti.    (Iti-prati'i!  (rum  Fig.  30.) 
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to  objection,  we  ina^  obtain  what  is  viiry  nearly  the  eaine  thing, 
viz.  a  cnrdiojfntpliic  tracing  (Fig.  46)  or  curdioj>Tuiii.  that  is  to  auy, 
a  tracing  of  the  cardiac  impulse,  a  curve  of  tho  (;haug<.'8  in  the 
pressure  exerted  bj-  the  ajjex  of  the  heart  on  the  chest-wall. 

Varioitt  rorm*  of  curdiu^rapb  have  been  used  to  record  tlie  cardino 
iiupalse.  In  •oiuo  tho  preMUce  of  tlie  iiuixUae  ia  Iniiisiiiiilud  diiwtly 
to  a  Icvoi  which  wrtUw  upon  a  IrnvoIliD};  lurfiKc  lii  utlion  tti« 
iuipulM  is,  by  means  or  an  ivory  bultoii,  bruuglil  to  boar  on  nii  nil'- 
ebtmber,  ooituect«d  by  a  tubo  witli  »  LimWir  liko  tlut  in  Fig.  37 ;  tlio 
prOMurv  of  tlio  carJiiic  impulse  comi^ro^wcis  llio  air  in  the  air-cliamlx-T, 
and  ibruu,;))  this  tbu  uir  in  llm  chamber  of  the  tambuur,  whereupon  the 
lover  U  raUuiL  In  otIiRnt  tbi:  iiupulsi-,  bi<iu^'  recvivml  by  a  small, 
«lnstiQ  h»g  fillnd  witli  Huiil  oikI  iutn>dtii».il  throu^i  uii  upi-itiii^  lus'le 
in  the  ch«ft-wal1,  th«  picim  boing  led  in^nct,  ia  Irdusriiiltvil  Ihtough 
tluiit  along  a  tube  to  n  niembmnn-mftnomotcir.  Or,  to  avi>iiJ  opvntng 
tlw  chmt-wall,  lli«  tube  may  be  made  to  be^nn  in  a  Mnall,  lruni|)ct- 
efaapoii  opening'  or  "  receiver"  covered  with  au  elastic  inpuibmiic,  bniring 
a  central  button  of  cork  or  other  inatvriiil ;  Che  button  being  lightly 
ptesMd  on  the  spot  wiiuro  tlie  impulse  ia  felt,  the  impulse  is  tmiisniitW 
■toufi  the  fluid  of  the  Inho  from  ihu  elaitia  uienihRina  uf  the  loceivet 
to  IImI  o(  Umi  nunomolur. 


In  Kig.  46  we  give  two  aiich  oftrdiognms  obtained  by  different 
methods,  in  Kig.  54  a  more  dia;;rainniatic  curve. 


Fto.  4ft.    CitKDioaaiMi. 
Th«  left-haaJ  SgUK  ii  from  Rot  an<l  AilsnL 

Sinc«  it  is  th«  contraction  of  the  ventricular  fibres  which  is  the 
actual  propelling  force,  an  exact  record  of  tliia  contraction,  afUir 
the  maDoer  of  a  muscle-cun'o.  would  serve,  could  it  l>e  ohtAined. 
a«  the  basis  of  di9cu8»ion.  Owinfj  to  the  intricate  arrangement  of 
the  cardiac  muscular  fihres.  sncb  a  simple  peconl  cannot  be 
obtained ;  the  nearest  approiieh  to  it  is  the  rcrord  of  the  changes 
in  the  distance  between  two  p<Miits  on  the  surface  of  the  heart 
brought  about  duiiug  a  bcaL 
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aimI  rod  of  tbe  pislon  being  plac*d  \ty  lUMna  of  tiM  imlia  rubW  : 
ill  uicb  a  pMitioD  lliat  tl>e  pnMun  willuu  Um  box  li  socio  few 
bduw  tliat  of  ihe  auuwplivfth 

By  these  niethocls  it  haa  been  det«niiiiie<l  tliu 
of  the  volume  of  the  heart  at  a  systole,  the  ■  couinction  vola 
as  It  hiis  iucunvuniently  Weu  calk-^l.  that  is  lo  say.  the  qi 
of  blood  discharged  nl  a  syfitok,  the  output  of  aayatole,) 
"  pulse-voUitue  "  as  wc  may  call  it,  for  it  is  this  vhicb  i 
pulse,  varies  very  much  under  various  ciicumstaooes. 
liiivu  to  dii^cuss  lat^^T  on  some  of  the  int^ueucea 
auiouut   Mfiuiwhilc  we  merely  call  attention  to  the  fact  I 
vary  larguly.  and  that  any  numerical  statement  as  to 
puliw-vulume  hiis  rvliitively  little  %'alue. 

Another  fact  of  consideiable  importance  brought  to 
Uiesc  methods  is  that  under  rvrtaju  circumstances,  at  all  i 
output  by  the  left  ventricle  during  a  nuuiU-r  of  beala : 
than  thi!  iutake  through  the  right  wiiriclt'.     Thismnssi 
thvM!  circumstances  the  ventricle  does  not  at  tlie  sy«tali1 
the  vrholv  of  its  couteuts ;  some  of  the  hlood  remams 
the  cavity  ol  tlie  veulricle  at  the  close  of  the  ^rtale. 
assumption  that  lliu  ventricle,  in  its  systole,  alviys 
th«  whole  of  its  contents,  so  as  to  be  quit«  empty  at : ' 
diastole,  Is  not  true;  the  ventricle  may  complele^i 
but  il  by  no  Bieans  alwaj-s  does  so. 


^u  Mechanism  of  the  Beat 

§  115.  "We  may  now  attempt  to  cooddet  >n 
detail  what  we  may  call  the  mechanism  of  ibe  >«8tstba  s  I 
the  exact  manner  in  which  the  heart  receive*  and  ^eOadMl 
For  this  purpose  we  shall  need  certain  dau  in  a 
on  which  wo  have  already  dwell. 

In  addition  to  the  curve  obtained  by  pUrii^a^B 
the  cjtposiMl  hk-art  (Kig.  -15),  a  melhwl  whiciiifauniA^ 


■  'iiniltawjlii*—!! 
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to  t^Ktion,  vre  may  obtain  what  is  veiy  ntinrly  the  same  thing, 
TIL  I  cardiographic  tracing  (Fig.  46)  or  canlici^miu,  that  is  to  say, 
■  tnoDg  of  thu  cardiac  impulse,  a  curve  of  the  changes  iii  the 
pRttun  exvrtvd  t>y  ihu  apex  uf  the  heart  on  the  cliest-wall. 

Vuioiu  rorms  of  cariiiotjrnpb  have  boen  u«oil  to  ivconl  the  cardiac 
JHipilie.  Id  some  tli«  prawuro  of  the  iiupuko  is  tinnemilieil  ilitvclly 
to  1  li'tcr  which  wriUw  upon  a  iMVoUinj;  suifaco.  lu  ollmra  Hm 
BpilM  it,  by  mean*  of  an  ivuty  buttou,  biviij^Iit  to  bear  uii  an  air- 
ctambm',  eonuncleil  by  a  tuW  witli  a  laiubour  liku  lliut  iti  Fi^'.  37  ;  ilia 
}>rvacin  of  the  cardiac  impulM  compn.-s'fs  tlio  uir  iit  liiu-  air'cliumliur, 
luil  ihinagh  tlitd  the  air  in  the  chamber  of  tbi^  tiimbnur,  wburuupun  ibc 
ItKT  \»  niatfi.  In  others  the  impiil.-o,  being  tul-i'ivikI  by  i>  mumII, 
tlvlic  bs'^  liU«d  iritb  lliiid  and  inlrtKluced  tiirongh  an  i>i)i:^iiiii>;  inailo 
is  las  clKut-viall,  the  plannt  buin;;  Ml  intact,  in  traoaiiiiltod  throii^^h 
tol  ^ig  a  IuIm  to  a  incnihmniMiiauometvr.  Or,  tu  uvuid  opuiiiiig 
Ifci  clwal-wall,  the  tiilti:  mny  bn  tniidn  to  \k;6u  in  a  Hniiill,  trumpet- 
Aipel  ofwoing  or  "  rocoivor  "  covered  with  mi  idnntic  mutiibniut',  biaiiriiig 
>cmlnl  botton  of  cork  or  other  raaterinl :  tho  bntUm  Ix'iiiij  huhtly 
ftMnl  on  the  spot  wbcre  the  impiiUe  is  foit,  the  iiiipiiUu  is  tmniitiiittud 
■lag  tW  fluid  of  ihe  tube  fiuui  the  elastic  mombrane  of  tbc  recaivor 
b  Ihit  oi  the  nuuiouMter. 

tu  Fig.  46  wc  give  two  such  cardiograms  obtained  by  difierent 
Ofilluidj,  io  Fig.  34  a  more  diagrammatic  curve. 


Tia.  Ml.    CAHiiieuHtws. 
Tho  loft-hauil  (Iki'i*  ■>  (tiim  Roy  ami  Adami. 

Soei  it  is  the  contraction  of  the  ventricular  fibrea  which  ia  the 

FMiu  pTopeUing  force,  an  exact  n-cord  of  this  contraction,  after 

^wnannerof  a  muscle-curve,  would  i<ervc,  could  it  be  obtained. 

itl«  basis  of  discussion.     Owing  to  tli«  iiitrinit«  arrangement  of 

DC  tanjiac   mus4:ular  fibres,   such   a   siinpK-    n-cunl   cannot   bo 

w»ed;  tbc  ncaresb  approach  to  it  is  th«  record  of  tho  changes 

lh«  distance  V-twccn  two  points  on  the  surface  of  the  heart 

ght  about  during  a  boat. 
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Id  tbu  iiutraoMot  ol  Rvj  uxl  AdAmi,  bf  as  iogeowaa  anmi^ta>CBt 
into  the  dcUtb  of  vliich  wo  u«ni  nut  go,  a  ilebcale  rod  |>Lh9m1  buraoM- 
Ullj  ia  vofitMscUon  witb  two  puitiis  of  ilie  ■ot&oe  of  tlw  bcut,  of  tha 
Tvntridu,  for  inatsoc*.  w  it  i^mIh  to  uul  fro,  accmdiiig  m  the  two 
poiou  ajtfiiriMch  or  raced*  (hMD  CKb  otiier,  iceorda  iU  lliOT«m«oU 
means  of  a  iij;lit  lever. 


.4 


Fia.    47.      Jlyoriatiio- 

OUK.    FaoM  TME  l>CMi. 

Bor  jixi>  Avtai. 


We  give  ia  Fig.  47  such  s  tnyocordiognphtc  tncing,  w 

is  cnllwl ;  the  ri$u  of  the  lever  indicates  an 
approcicli,  Uk  hll  a  recvdiug  of  two  poinU 
tAkeu  tnnsveneiy  across  ibv  venuicle  of  a 
dog. 

Wliat  coDclttsious  can  wc  draw  from  the 
features  of  the  various  curvw  which  wt-  have 
given  f  We  have  reprodu<!«d  in  stuac  cacea 
nif^e  thau  one  curve  repres«iiUng  Uie  same 
event,  for  the  important  rt^ason  that  certain 
of  the  features  of  almost  every  curiae  an 
due,  to  some  extent  at  leAst,  to  the  instm- 
ment  itself,  and  most  not  be  taken  as  exact 
records  of  vrliat  [«  acitiully  taking  place  in  the  heart  -.  the  inertia 
of  ooe  or  oiht^r  jiart  of  ihi^  or  that  iiLitrumcnt  U9t-d  pinra  a  more 
or  less  iniportniit  [uirt  in  dt-ti.'tniiiiiiig  the  form  of  the  i.'urve.  lb 
will  therefore  be  readily  undenilMid  that  the  inteqiretation  oC 
various  heart  curveR  is  attended  with  great  diflkulties,  end  hu 
led  to  much  discussion.  We  must  content  ourselves  here  with 
coolinint'  our  attention  to  the  more  important  points,  leaving  manjr 
details,  however  interesting,  on  one  side. 

Lt't  us  begin  with  the  bcgiutiin};  of  the  ventricular  8jstol& 
All  the  curvt's,  curve  of  eiidoc^irdinc  pn^s.»urw,  curdiogmiD,  mjocai- 
diognim,  and  others,  shew  the  imjiorUnl  fact  that  the  systole  bi-gius 
suddenly  and  incnfnses  swiftly  until  it  reaches  the  begiuning  of 
what  we  have  called  the  "  systolic  plattau,"  c  in  FigSL  38,  39, 46, 
3  in  Fig.  46,  d  in  Fig.  47. 

In  some  curves,  as  in  Figs.  38.  S9  B,  42,  the  rise  is  unhrokea; 
in  others,  as  in  Figs.  39  A,  4o.  the  rise  is  marked  with  a  shoulder. 
Id  Fig.  47,  this  shoulder  b  has  been  interpreted,  by  thoee  who 
maiutain  that  papilluiy  muscles  Iwgiti  their  contraction  later  thso 
the  main  ventricular  wall,  as  iudicating  that  eveat.  Wo  will  not 
di3cu.*s  the  question  here. 

In  some  of  the  pressure  curves,as  in  Fig.  38,  the  rise  of  prciiKUtt 
io  the  ventricle  due  to  the  actual  systole  is  prece<]ed  by  a  slight 
temporary  rise.  This  has  been  interpreted  as  indicating  a  Klight 
tjee  of  pressure  in  the  ventricle  due  to  the  auricular  systole  just 
pn-cedinp  the  ventricular  systole  ;  but  this  interpretation  has  been 
debated,  und  indeed  the  slight  rise  in  (gnestion  is  not  always  seen. 
Similarly,  some  curves  show  a  gradual  but  very  slight  increase  of 
pres-sure  in  the  ventricle  during  tho  preceding  diastole  ;  thi«  has 
been  inteqireted  as  indicating  a  rise  of  ptessure  due  tu  the 
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ioflow  of  blood  from  the  auricle  and  veins  -,  but  it,  too,  is  not 

always   pre:*t:iil.     Both    tlie   stendj 

thougli    sUglit    rise    of     the    lever 

thruiijjhont     tlie    diastole,    with    a 

sudden    increase   at  the  end.  coin- 

cideul   with   the    auricular   systole, 

are  otutn  seen  in  cardiDgnims ;  see 

the  diagrammatic  curve  in  I'i^;.  54. 

The  ventricle  ns  a  wbolo  enlarges 

luidor  the  venous  iiiHovr,  and  is  niorv 

suddenly  cnlar^d  by  tku  Auricular 

sj'stole. 

The  feature  on  which  we  wish  to 
insist  is  the  ra[)i<l  rise  of  the  iutrn- 
reulriculitr  prce^um,  and  the  suddon 
change  at  the  commencement  of  the 
•yBtoltc  plateau.  What  does  this 
ndden  change  mean  ?  To  answer 
this  ((ueatioii  we  must  ascertain  what 
is  taking  place  at  the  same  time  in 
the  aorta. 

§116.  If  two  catheters  be  in- 
IroduoMl  at  the  sam«  time  into  the 
loft  side  uf  the  heart  nf  a  dog,  being 
so  arranged  that  while  the  end  of 
one  catheter  lie.t  in  the  left  veutricio, 
Rg.  48,  V,  that  of  the  other  lies  in 
the  aorta  A"  above  the  semilunar 
valves,  and  if  each  catheter  be  con- 
nected with  a  membrane-manometer, 
the  two  mauomett^^rs  recording  ou 
the  same  surface,  one  below  the 
otJier,  wu  obtain  some  fiuch  result 
as  that  8h«w»  in  Fig.  49. 

An  examination  of  the  two  curves  thus  obtained  shews  us  the 
following.  At  o,  the  beginning  of  the  ventricular  systole,  or  rather 
the  time  when  the  contraction  of  the  veutncniar  Sbres  is  beginning 
to  raise  the  pressure  within  tlie  veutricif,  noeffect  is  being  produced 
in  the  aorta ;  the  blood  in  the  aorta  is  cumpl(-t4^-ly  shelt«ivd  by 
the  closed  aortic  valves.  A  littlo  Inter,  however. at  I,  the  pressure 
in  the  aorta  Ix^ins  to  rise.  This  menns  that  the  Mcmilunnr  valves 
arc  now  opened,  so  that  the  force  of  the  ventricular  systole  can 
make  itself  felt  in  the  aorta.  Up  to  1,  the  pressure  in  the 
ventricle,  though  increasing,  is  still  less  than  that  remaining  in  the 
aorta  after  the  la»t  Tienl,  but  at  1  the  presjture  in  the  ventricle 
becomes  eciual  to  or  rathi-r  ^li^htly  greater  than  that  in  the  aorta, 
and  the  valves  are  thrown  open. 

This  is  also  shewn  by  comparing,  as  may  be  done  by  meana 
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MltirtSIiiClLT  niK  PlIKUITFtK  IX 
TK*  |J;FT  V«JITHTCI.(  ANO  ■>!  Till 
HlXIT   U*   THK   AUUTA.      Ill'HmLK. 
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of  the  "  diffuruatial  maaometvr,"  tllu  changes  of  pressure  in  the 
ventricle  aiid  iu  lli«  aurut  at  the  saiuu  litua. 
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Fio.  4(1.    SmcLTANBoua  TRACt^ua  oy  VENTuiod-iB  AJii>  Aortic  Premuxk, 

On  th«  Ifft  jiiic  the  rofirpiliii^  »iir(H<-e  in  lravi'ilinn;  iluwly,  oa  the  rislit  more 
fwKlly,  tlio  tuurng  furlL  yibrnciinin,  r,  Ih^iiij;  IUU  h  bl'l'uikI 

A",  wrtio  I'  veiiiriculHr  iurvp  jr— i  base  lino  to  each.  Tlio  rerllcal  liiiM 
l>  >>  3i  *•  i,  <^ut  cocb  curvo  At  oxtKlI^  tlio  unnie  timo. 

In  tho  ilifroTviitia]  immomctcr,  l-'ig.  60,  tlio  two  taiiilioure  of  two 
■uuTiibriiiie  tnaii'..|in.'lew  T  iiml  Tj  {the  riKJiilhs  of  the  tubi-s  cjifiiinj;  inlg 
cttuL  are  soon  ia  sectiou)  uro  nriaiiged  sa  tlmt  tliu  central  tliacs  of  both. 
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Pie.  60.    Diioniii  or  mi  Dipferemtul  Manometkr  of  Hi^RTBLB. 

tl  ami  d„  work  on  a  bitlaiice  nbi>ve  tlieTu.  When  llie  prtMiire  in  tlio 
two  tAinbnurH  U  eijual,  the  balunco  U  horiwutHl  ;  any  diflererirf  of 
prciMum  between  tli«  two  lendx  to  an  upwanl  or  dowtiwunJ  niuv«mi.-nt 
of  one  or  otiinr  arm,  and  Lliiii  Wdrkiii^  ugninst  llie  light  otecl  spring  <,  by 

nieniiH  of  •■  nnd  r'  m()V<:s  Iha  Kivlt  /. 

In  Figs.  51,  52  we  give  siiuullanpous  tracings  of  tlic  prL-ssure 
in  tlic  Ii'fl  ventricle  K,  and  in  thfi  aoita  ,4",  and  of  thf?  inovenivnts 
of  tho  Ii^vcr  of  the  balarife  indicating;  difl'erences  of  [jresswre  D 
betwe«n  the  ventricle  and  the  aorta.  At  the  haae  line  i- — j  of  J)  tlie 
two  preiMureit  ar>^  erjual.  The  conrsip  of  the  curve  below  this  base 
line  indicates  that  the  prcHxure  in  the  ventricle  ia  below  that  of  the 
ftorta:  as  the  curve  approaeh^'s  towards  the  base  line  the  pressure 
in  tlie  ventricle  becomes  more  and  more  nearly  eqnal  to  that  in 
the  aorta;  and  such  part  of  the  cur>e  as  lies  above  the  base  lino 
indicates  (except  in  8o  far  as  it  tatty  be  due  to  the  inertia  of  the 


Fro.  »S.    Thk  <ahb. 

The  rcnwding;  rorttue  Ii  travelling  r|iili;kl;r  ■  '■^*  >il>nutun*  of  itM  tulng-totk  I, 
I,  an  lin  Idunlili!  librMloiia)  ■  ivcunit. 

An  pxamination  of  fhp  figtirea  shews  that  the  prefiBure*  in  th« 

^Tetitricle  and  Ihe  aorta  become  ei|nal  ut  the  mnrk  (I).     Iti.-fnre 

this  though  the  pre^^^are  in  the  ventrtcK'  \*  ri»ini;  rni>idl]r  that  in 

the  aorta  a  not  lising.  ind«ed  is  coutinuitig  to  stuk;  th«  oloied 
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semtlanar  valves  shelter  ih«  blood  in  the  aorta  from  the  ^'elItricn• 
lar  pretisure.  Bui  immudintvly  iifier  (1)  the  pressure  in  the  acirta 
also  begins  to  risie  ;  this  »bi^w»  ihiil  the  semi  lunar  valvex  are  now 
opcD,  tbti  blofxl  in  the  veiilricle  and  that  in  the  aorta  now  forming 
a  coutinuouB  column,  and  allowing  the  pressure  of  the  ventricle  to 
be  felt  in  the  aorta.  A  very  slight  excess  of  pressure  on  the 
ventricular  side  of  the  valves  is  sufficient  to  push  aside  the  flaps 
of  tlie  valve;  so  that  we  may  fairly  say  that  the  valves  open 
immediately  after  (] ),  which  niHrkn  the  point  Ht  which  the  curve 
of  dilferencB  of  pressure  Ijelween  the  ventricle  and  the  uiirtA  has 
rcui'hcd  the  base  line  j- — x  ;  that  is  to  eay,  al  which  the  differeuce 
between  the  two  has  become  nil. 

It  will  be  obsen'ed,  however,  that  the  mark  (1)  cuts  the  ventri- 
cular curve  not  at  the  summit  of  its  rise  but  short  of  this ;  the 
pressure  in  the  ventricle  continues  to  rise  after  the  valves  are 
open,  the  curve  continues  after  this  to  ascend  rapidly  up  to  (2), 
which  marks  the  iK'^inning  of  the  systolic  pintcuu.  During  the 
inturval  tietwet-n  (1)  ami  (2)  IIr-  pRssure  is  risin;;  in  the  aorta  also. 
During  this  iiiUtrval  the  prc-Sfiure  in  thv  vculricli.',  cimiinuing  to 
rise,  becomes  grealer  than  that  in  the  aorta,  the  curve  of  difTerence 
risea  above  the  baseline;  buttheexceasof  pressure  in  the  ventricle 
does  not  become  very  great,  the  curve  of  difterence  does  not  rise  to 
any  great  height,  because  that  verj*  excess  of  pressure  is  used  op 
in  driving  the  contents  of  the  ventricle  into  the  aorta  through  th« 
open  semilunnr  valves. 

During  this  iiit<^^rval  the  pressure  in  the  norta  continues  to 
rise  because,  until  ihc  height  of  jiressure  ut  (2)  is  rcBched,  the 
pressure  is  not  yet  Buflioiviit  to  drive  the  blood  on  along  the 
arterial  syst^^m  with  odi-quate  rapidity. 

With  the  point  (2)  the  systolic  plateau  begins.  During  this 
pintenu  the  exact  course  taken  by  the  curve  of  ventricular  pressure 
differs  in  different  caw-s.  We  will  take  first  the  jwrhaps  more 
ordinary  case  in  which  the  curve  with  intermediate  variationa 
which  we  may  at  present  pass  over  gradually  declines  until  the 
point  i'A)  is  reached,  when  Uie  plat«nn  comes  to  an  end  by  reason 
of  the  sudden  fall  of  the  ventricular  pressure 

ITiero  can  be  no  doubt  that  the  sudden  fall  after  (3)  is  due  to 
the  sudden  cessntiun  of  the  conlrnriitm  of  the  ventricular  walUt,  to 
their  sudden  relaxation.  liut  what  is  taking  place  during  the 
systolic  plateau  before  thi.<(  ]>o)tit  is  reached? 

It  used  to  be  argued,  taking  count  of  the  distension  only  of 
the  aorta  as  indicated  by  the  sphvgmograph,  an  instrument  of 
which  we  shall  speak  later  on.  tliat  the  ventricular  contanta 
escape  into  the  aorta  during  the  period  of  the  distension  of  the 
aorta  and  during  this  only,  hai'ing  ceased  to  flow  by  the  time  (hat 
this  distension  pixsses  away  giving  place  to  a  sequent  shrinking 
of  the  aorta.  Now  when  this  period  of  distension  is  carefully 
measured  it  is  found  to  be  much  shorter  than  the  systole  of  the 
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vcDtrick,  Aa  meaaured  by  the  length  of  the  syittolic  plntfism. 
tleuce,  it  being  further  osaumed  that  the  whole  of  the  contents 
of  the  ventricle  were  ejected  at  each  systole,  it  was  inferred 
that  the  ventricle  Tciuaincd  empty  and  yet  contracted  for 
an  appreciable  purlod  (ifti.-i  the  diachni^  uf  its  couliitit^.  And 
this  led,  in  turn,  to  u  grvut  divorj^'nce  of  opiiiiou  lu  to  the  exact 
time  at  which  the  semilunar  valves  were  closed. 

Bui  when  we  carefully  explore  the  pressure  in  the  aorta  and 
in  the  ventricle  at  the  same  time,  making  use  of  the  differeiilial 
luaiiomet«T,  we  come  upon  facts  which  Bet-m  to  disprove  this  view. 
Examining  Fig.  52  we  tind  that,  while  during  ihe  systolic  plateau 
the  pressure  is  falling  in  both  norla  and  ventricle,  the  curve 
of  dilTert-'nce  of  pressure  D  rt-muins  above  Um  base  line,  though 
not  far  above  it  and  continually  a]>proacIiing  it.  up  to  the  mark  (3) 
at  the  Very  end  of  the  plateau.  At  thi»  pointy  howev(^r,at  the  i.'nd 
of  th«  plat«att,  at  the  beginning  of  relaxation,  a  vit)-  great  diJl'^r^'UCO 
of  pressure  is  estabhshed;  while  the  ventricular  pressure  falls 
suddenly  aud  soon  reaches  or  even  passes  the  base  line  {becmning 
to  the  Utter  cese  negative,  i.e.  below  Lhfit  of  the  atmosphere),  tlie 
preesaie  in  the  aorta  undorgwa  njlativdy  little  change,  —  indeed, 
immediately  aft).>rn'sirds  receives  an  increase  of  which  we  shall 
have  lo  s[M;ak  laUir  on  as  the  dicrotic  creitt  of  the  pulse  wave; 
sod  the  curve  of  dilTerence  D  falls  with  very  great  Bbruf)tness. 

The  inleqiretation  of  this  fteems  to  l>e  as  follows.  During 
ill*  whole  of  the  systolic  plateau  up  to  tlie  mark  (3)  the  semi- 
hninr  valves  are  opf-n,  the  ca%itj"  of  the  ventricle  and  the  root 
of  the  aorta  form  a  common  cavity  which  is  occupied  l»y  a 
continuous  column  of  blood.  Hence  the  curves  of  ventricular 
and  aortic  pressure,  of  the  pressun:  at  the  one  end  and  at  the 
other  end  of  this  column,  follow  the  same  general  course,  aud, 
indeed,  shew  the  ssme  secondary  variations ;  this  gtrneral  course 
is,  in  ibe  ens*:  which  we  are  studying,  a  des<^ending  one  bj 
reason,  as  we  have  said,  of  the  n?Utively  inm  escajK^  of  bh)i>ri  from 
the  arterial  system  through  the  peripheral  rt-.tisUmce.  lint  the 
column  of  blood  in  question  is  a  column  in  motion,  the  ventricular 
pressure  is  driving  tne  blood  from  the  ventricle  into  the  aorta;  to 
effect  this  the  ptussure  in  the  ventriclu  must  continue  to  be  higher 
than  that  which  it  is  itself  generating  in  the  aorta,  the  cur^-e  o( 
dilTerpnce  must  remain  above  the  bas<;  line.  And,  siuco  the  curve 
of  difference  doe*  remain  above  the  base  line  right  up  to  the  mark 
(3),  we  may  inter  that  up  to  this  point  blotid  docs  jiass  from  thu 
ventricle  into  the  aorta.  At  <3),  however,  there  is  a  .sudden  change. 
The  systole  suddenly  ceases,  and  with  that  the  curve  of  differeace 
suddenly  sinks  below  the  base  line ;  tlie  Bow  from  ventricle  ceases 
not  because  tliere  is  no  more  blood  to  come,  but  becau.se  tlie  pr«.ssuTe 
iu  the  ventricle  now  becomes  lower  than  that  in  the  aorta ;  and. 
indeed,  the  blood  would  flow  buck  fn;)m  thu  aorta  to  the  region  of 
lower  presBure.  to  the  ventricle,  were  it  uot  that  the  very  first  efieet 
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of  the  reflux  is  to  close  the  soiniluDur  valves.     So  soon  ftn  theso 
are  closed,  the  prvssuTvs  in  the  ventricle  aad  the  aorta,  vhich  were 

{irevioualv  following;  »iiiiilarix)iirKe!t,  now  take  «i!parat«  courses;  the 
alter  falU  suddenly,  the  fi>riner  dQcreaaea  ^raihmilr,  und  continuea 
to  decrease  uutil  the  next  systole  once  more  opi-ns  the  suinilunar 
I'slves.  We  nmj"  add  that  this  view  ia  consistent  with  the  conclu- 
sion mentioned  iu  §  114.  that  aot  only  the  pulse-volume  maj-  vary, 
hut  also,  at  times  at  least,  the  whole  contenta  are  not  driven  out 
St  thi>.  systole,  some  blood  remaining  behind. 

Moreover,  the  pressure  does  not  always  gradually  decline 
(taring  tlte  systolic  pltiteaii;  sometimes  it  gradually  risE^s  during 
the  whole  of  the  period  of  the  plateau,  reaching  iti?  highest  point 
just  before  the  iiuni  sudden  fall.     This  U  shewn  in  Fig.  53. 
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Fio.  58,    Ci'MVE  or  Aoaric  »^i>  VbktkiO(i.*ii  l*TtK««irjiK.  with  »» 

JkB('ET>l>l'IO    SlATOLIC  Pl.lTK>ir.        IIUKT>ll.a. 

In  this  figure  the  general  features  are  the  same  as  in  Fig.  52, 
save  that  the  curve  of  ventricular  pressure  rises  during  the  whole 
of  the  systolic  plateau.  But  the  curve  of  aortic  pressure  also  rises 
in  a  conesponding  manner,  and  the  curve  of  difference,  if  shewn, 
would  be  tlie  same  as  in  Fi;;.  52.  The  explanation  of  the  difference 
between  the  two  cases  i.';  that  iu  Fig.  52  the  peripheral  resistance 
in  the  arterial  flow  (§  1)9)  ia  not  very  great,  and  the  ventricular 
systole  soon  overcomes  it  to  such  an  extent  as  to  lead  at  once  to 
some  fall  of  pn'^sure  in  the  aorta  (and  in  the  ventricle).  In  Fig. 
S3  the  ix'ripherai  resistance  ia  very  great ;  it  is  not  overcome  at 
first,  the  ventricle  does  its  best  working  a<^inst  it.  and  produces 
the  most  effect,  raising  the  pressure  tu  the  highest  point,  just 
before  its  systole  comes  to  an  end.  We  may  add  that  a  similar 
course  of  the  c^r^'e  may  be  seen  even  when  the  pres.-^nre  in  Uie 
aorta  is  not  very  high,  provided  that  the  pulse-volume,  the  quantity 
discharged  at  the  systole  ia  very  great;  the  form  of  the  curve 
depends  on  tlie  relative  amounts  which  are  entering  the  arterial 
system  from  the  heart,  and  leaving  it  by  the  peripheral  vessels. 

It  ia  possible  that  under  some  circumstances  the  whole  of  the 
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eoobent*  maj  he  discharged  before  (tie  actual  systole  ends ;  but 
(h*  obMrvatioDS  and  argumeiits  which  we  have  just  related, 
thew  that  Hui^h  an  event  must  be  regarded  ns  of  exceptional,  and 
uot,  a»  ha-t  het>u  contended,  of  uormal  occumencH. 

<Jf  the  smaller  secoudary  vuriutiouti  visible  on  the  syslolio 
plateau,  conspicuous  in  somu  curven  (4,  5,  R,  7  in  Fig.  46),  vnrioiis 
explanations  have  been  givvu.  Into  ibt;  di!icu».«iQri  of  these  we 
cannot  enler  here  ;  wc  niiiy  however  say  that  in  many  observations, 
which  wc  toftj  prob/ibly  niyard  as  correct,  tiiese  secondary  markings 
are  identical  in  Uu?  curve.-*  of  ventricular  presaure,  of  aortic  pressure 
and  of  the  caniiac  impulse,  or  of  the  change  in  Ihu  uulwurd  form 
of  the  heart ;  the  events  which  cause  thum  tell  lu  the  satne  way 
on  all  thieu. 
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Fio   U.    DtjiARtM  or  VDrtMicpLAs  A<fT>  AnitTic  pRii*«ritB  Ain>  or  Tm 
Cardiac  IitriTL^x,     1II.'ktiii-b. 

Wb  give  in  Fig.  54  a  diagram  of  the  cardiac  events  according 
to  tb«  exposition  which  we  have  just  made.  The  cnnre.s  previously 
given  wfiB  copies  of  actual  cun.'es  obtained  by  experiment ;  this 
■a  a  constructed  diagram.  The  upper  curve  is  the  curve  o{  the 
cardiac  impulse.    The  middle  curv«  ia  the  curve  of  {veseure  in  the 


210 


NEGATIVE  PRESSURE. 


[Boos  I. 


left  ventricle ;  the  unbroken  line  Tepresenbi  the  course  of  the  cam 
wh<>D,  the  peripheml  resistance  being  small,  the  pressure  needed 
to  driv«  onwafil  the  Mood  is  Dot  verj'  high,  in  the  figure  less  ihnn 
150  mm.  Hg.  The  dotK-'d  line  rc]>n.-SL-tiU  the  coursu  of  the  cur^e 
when.  Hie  puriplieial  rosistauce  Wmg  great,  the  presaui?  is  high, 
in  the  figure  nearlj  200  mm.  Hg.  Tii«  lower  curve  is  the  curve  of 
pressure  at  tlie  root  of  tlie  nnrla,  the  unbrokcu  and  the  dotted 
lines  having  the  same  signiticance  as  in  the  ventmuUr  cur%'«. 
The  line  0  tnarka  ttie  commencement  of  tlie  vetitricular  systole, 
the  line  1  the  ojieniii^  of  the  semilunar  valves,  and  3  the  end 
of  the  e>'Mtule.  The  hne  4  marks  the  beginning  of  what  in  dealing 
with  the  ])ul»c,  wc  sliall  speak  of  as  the  dicrotic  wave.  The  semi- 
lunar valves  are  closed  between  3  and  4 ;  the  closure  ia  the  result 
at  3  of  the  cessation  of  tho  systola  and  as  we  shall  see  the  cause 
at  4  of  the  dicrotic  wave  of  the  pulse.  The  time  is  given  in  tenths 
of  a  second. 

§  117,  In  ninny  curves,  tis  in  sonic  of  those  given  above,  the 
preKi>ure  in  Uii!  venlride  ot  the  beginning;  of  diast^de  falls  not  only 
to  the  basi»  line,  which  is  the  line  of  atmospheric  pressure,  but  even 
below  it ;  that  is  to  say,  becomes  negative.  Such  a  negative  pressure 
may  bo  shewn  by  means  of  arainimttm  manometer,  that  is,  a  mano- 
meter arranged  so  as  to  shew  the  lowest  pressure  which  1ms  been 
reached  in  a  scries  of  events.     Tlio  mercury  manometer,  which  as  wc 
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Fio.  16.    Tbk  MiixiMi-M  MmoMKrntt  ofGoi.ti  isd  GAiit.it. 

At  *  »  connwtinti  i>  nindc  wiili  tli*^  lut>o  Inmlliic  m  tho  hnnrt.  Whon  the  nrrew 
rtamp  Jt  )■  dowil.  the  mKo  r  ronu'it  itil'i  :u-li'iii.  ami  tlin  ih>.lni>nnia.  In  ihr  position 
ot  tho  vnZvD  ihcwn  in  th<*  fl^urv.  if  H  nihXMrinrn  ninn^nKiUT.  Ry  rovf-i>in}f  tlie 
dirfotiou  f>r  r-  it  in  cffnivftril  iiiF-i  «  i^iiiiiTiiUTii  niari^prnrt^ir.  \^*1m(l  Jt  U  if^iciirfl,  iho 
iruiatii<nii  ut  fim»an)  are  i-unvFirisI  aJtiiiK  u,  nmt  ilm  Inxtmmant  thnii  aria  liLn  All 
ordiuujr  nuuioiuvier. 
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have  said,  UiiDiniiuble  for  following  tile  rapid  changes  constitnting  a 
singlu  beat,  may  be  used  as  a  maxiiniun  or  miaiuum  instrument 
for  deUnuining  the  highest  or  lowest  prcssuro  reached  in  one  or 
odtor  of  the  heart's  cavities  during  a  scrius  »t  beats. 

The  principle  of  oiia  form  of  maximum  manometer.  Fig.  SS,  oonnaU 
in  tho  intnxluction  intn  tlin  ttiliu  Kulin^  frum  tim  liourl  to  tlie  lutircury 
Golutnu,  of  a  (niotli6«d  ctip-aml-biillj  vulvv,  ujjeniii;;,  like  tho  uortie 
Mmilunar  valv<^  («aily  from  tho  bciirt,  but  ulwiii};  liriuly  wliuu  fluid 
ntlvmptit  to  return  to  the  h^nrt.  Tb«  hiclxut  pn-Mitm  is  LlniL  uhinh 
drivw  tli«  ]oii};eit  culutnn  of  fluid  pnst  tho  viilv,  niiaing  tint  nifiviiry 
eojkimn  to  a  i»inv«|)andiii!{  height.  Sino^  thia  i:i>hiiiiii,  oiicq  pai^t  tho 
tmIto,  cannot  ivtDni,  tJm  mewiiry  rumaiii*  nt  tho  lioigtit  to  whi'^h  it  waa 
rniaoil  by  it,  nod  Ibtu  rcL-unln  thu  Diaxtiintui  prmsui^.  By  reversing 
thrr  iliiectinn  of  tli«  vmlve,  thu  iniuiocnclor  is  uoiiv«rted  from  a  maximum 
into  a  minimum  inRtmmont. 

A  *inipl«r  form  of  maximum  nml  minimum  niAnDtni^trr  in  that  of 
HUrtlile,  which  coiisitta  of  ft  small  chamber  cnniK^ctiHl  with  two  mnoo* 
meWn,  th«  upentni;  of  each  iuan'iniet«r  into  tho  chnmbor  b«iD;j;  armed 
with  A  valv«  of  tliin  membnnc,  so  arranged  that  it  permits  in  the  caM 
of  one  manometer,  Ui«  umximiim  one,  tiie  eiitrame  oiiiy  of  tlie  morcuijr. 
In  tlio  COM  of  l!iu  oihvr,  the  miuitiiuu  one,  tho  exit  only. 

By  means  of  the  maximum  manometer  the  pressure  in  tho 
left  ventricle  in  the  dog  has  bwn  observed  to  reach  a  maximum 
of  about  140  mui,  (mercury),  in  the  right  vuutrifle  of  almut 
60  mm.  and  in  the  right  nurich^  of  nhuul  20  uiin.  These  figures, 
however,  are  given  as  examples,  and  ni>t  as  avernfjos.  Simi- 
larly negative  prcsatMres  of  from  —.10  mm.  1^—20  in  the  left 
ventricle  of  the  dog,  of  abont  —  15  mm.  in  the  right  ventricle,  and 
of  from  —12  mm,  to  — 7  mm,  in  the  right  auricle,  have  been 
observed  by  the  minimum  manometer.     Part  of  this  diminution  of 

Csnre  in  the  canlinu  cavities  is  due,  ss  will  be  explained  in  a 
r  part  of  this  work,  to  the  aspinition  of  tho  thorax  in  the 
mspinitorj'  moi'cments.  But  even  when  the  thorax  is  opened. and 
artiticiiil  rvsptrntion  kept  up.  under  which  circumstjiuces  no  such 
aspirntion  takes  place,  a  ne^live  pressure  may  l>u  still  obscr\-cd, 
the  pressure  in  the  left  ventricle  »iiikin^  aocording  ti>  some  obser- 
vations as  low  03—24  mm.  Mow,  what  the  instrument  actually 
shews  is  that  »t  some  time  or  other  during  the  numlier  of  heala 
which  took  place  while  the  instruutent  was  applied  (and  these  may 
have  been  verj-  few),  the  pressure  in  the  ventricle  sank  so  roany 
mm.  below  that  of  the  ntmosphere,  Siuce,  however,  the  negative 
prvMuro  may  bo  observed  when  tho  heart  is  beating  qnit«  regularly, 
mohbuat  being  exactly  like  the  others,  we  may  infer  that  thenegntiva 

¥reMUia  is  repented  at  i^ome  period  or  other  of  each  cardiac  cycle, 
he  instniment  itself  gives  us  no  information  as  to  the  exact  phase 
of  Uie  beat  iu  which  the  negative  pressure  occurs;  but  it  is  clear 
from  what  we  have  already  seen  that  when  it  occurs,  it  must 
take  place  at  the  sad  of  the  systole,  ab  the  bt^QDing  of  tha 
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diMtole.  It  is  obvious,  moreover,  from  what  lias  gone  before,  that 
the  semilunar  valvus  arc  closed  bt-fore  it  occurs,  and  we  may 
dismiss  the  viow  which  has  hcf;a  piil  forwttrd  thnl  it  is  of  the  same 
oature  as  the  negative  pressuiv  vrliiili  miik(^>:<  iu  ui>pi.-unLnce  behind 
a  columii  uf  lluiil  moving  rapidlv  and  siidduiily  cwisiLg,  as  when  a 
rapid  flow  of  wali-r  tlirouuh  a  tube  is  »uddeii)y  sti.)iipgd  by  turning 
ft  up.  We  may  probably  attribute  it  to  the  relaxation  of  the 
ventricular  walls.  This,  as  all  the  cun'ea  .iliew,  is  n  rapid  process, 
something  ({uito  distinct  from  the  mere  filling  of  the  ventricular 
cavities  with  blood  by  tin;  venous  inflow;  and,  though  sume 
have  objected  to  th«  view,  it  may  be  urged  that  this  retiiru 
of  tlic  ventricle  from  lU  coiitract^-d  condition  to  its  normal  form 
would  develop  a  negative  pressure.  This  rt;tum  we  may  probably 
regard  as  simply  the  f'tal  result  of  the  rvluru  of  each  fibre  to 
its  natural  condition,  though  Rome  havA  urged  that  the  extra 
quantity  of  blood  thrown  into  the  coronary  arteries  at  the  »ystole 
helps  to  unfold  the  ventricles  somewhat  in  the  way  that  fluid 
driven  between  the  two  walls  of  a  double-walled  colla|i«ied  ball  or 
cup  will  unfold  it. 

We  may  further  conclude  that  such  a  negative  pressure,  when 
it  occurs,  will  a&sist  the  circulation  (and  it  may  be  remarked  that 
the  return  of  the  thict: -walled  left  ventricle  itutnrally  exerts  a 
greater  negative  pre.*.<ur«  than  the  thin-walled  right  ventricle)  by 
sucking  tliu  blood  which  has  meanwhile  been  aocuinulatcd  in  the 
auricle  fnmi  that  cavity  into  the  ventricle,  the  auriculo* ventricular 
valve*  easily  giving  way.  At  the  same  lime  this  very  flow  from 
the  auricle  will  at  once  put  an  end  to  the  neigativo  pressure,  which 
obviously  can  be  of  brief  duration  only. 

It  should,  however,  bo  added  that  many  observers  find  the 
development  of  a  negative  pre9i<ure  to  be  by  no  means  of  such 
constant  occurrence,  and  not  to  reach  such  marked  limits  as  might 
be  inferred  from  the  numbers  given  above,  at  least  in  ilic  unoj-cned 
chest.  If  so  it  cannot  be  an  important  factor  in  the  work  of  the 
circulation. 

§  118.  Theduration  of  the  tfvtral  pAoM^  We  may  first  of  all 
ditUngniah  certain  main  phases :  (1)  The  systole  of  the  auricles. 
(2)  The  systole,  proper,  of  the  voutricU's.  during  which  their  fibre* 
are  in  a  state  of  contraction.  (S)  The  diastole  of  the  ventricles, 
that  is  to  say,  th«  time  intervening  between  their  tibn-s  ce^i^^ing  to 
contract,  and  commencit^  to  contract  again.  To  the»«.'  we  may 
add;  (4)  The  pause  or  rert  of  the  whole  heart,  comprising  the 
period  from  the  end  of  the  relaxation  of  the  ventricles  to  the 
beginning  of  the  -lystole  of  the  auricles ;  during  this  time  the  walls 
aix>  undergoino  no  active  changes,  neither  contracting  nor  relaxing, 
tlieir  cavities  being  simply  passively  tilled  by  the  influx  of  blood. 

The  mere  insf'.'etion  of  almost  any  aeries  of  cardiac  cur\'ea 
howewr  uken.  those,  (or  instance,  which  we  have  just  discuaaed, 
will  shew,  apart  from  any  accurate  meaauremeuts,  that  the  systola 
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of  th«  auricles  is  ulwayt  very  brief,  tbat  the  sjrstok  of  the  vea- 
triclos  is  alwiiytt  very  prolonged,  alwnyi^  iicciipying  u  cousidvr- 
«M<i  portion  of  Uie  whole  cycle,  and  ihai  tbe  diastole  of  Uie 
wliole  Iteart,  reckoned  from  the  end  either  of  the  systole,  or 
of  the  relaxation  of  the  ventricle,  is  very  variouEi,  being  in  quickly 
bi:ating  iu-arU)  very  short  and  in  elowly  beating  hearia  decidedly 
longer. 

When  we  desire  to  arrive  at  moro  complete  measurumt'nta. 
we  are  obliged  to  make  use  of  calciilationx  liasud  on  various  data  ; 
and  the  value  of  some  of  these  ha8  been  dcbatud.  Natumlly  the 
most  interest  i»  attAchud  to  the  durntiou  of  events  in  the  human 
heart. 

A  datum  which  haa  b?en  very  largely  used  ia  the  interval 
between  the  beginning  of  the  first  and  the  occurrence  of 
the  second  sound.  This  may  be  determined  with  approximative 
conectnosB,  and  is  found  to  vary  from  '301  to  -.fJi  sec,  occupying 
from  40  to  46  p.c.  of  the  wholu  period,  and  being  fairly  constant 
fur  ditTerent  rates  of  heart  beat.  That  ia  to  say  in  a  rapidly  beating; 
heart  ii  is  the  paiisei  which  are  sborI«ned  and  not  the  duratioD 
ot  the  actual  l^it^ 

Tli«  obuerv^r,  liiitetiing  to  th»  soumU  of  tho  hi^nrt,  mnkrit  n  signal  nt 
each  ev*nt  on  a  recordiiiR  surfaw-,  thu  differ^'iiw-  m  timr  Iintwrcn  tho 
marks  Ixting  tn<^a»iiri'(l  by  iii««iim  uf  the  vibrstionii  r>f  a  tuning-fork 
leiMnlcd  00  l)i«  aame  aurfiice.  By  prnclice  it  i*  fouTiH  poxnible  to 
mdaco  th«  orror*  of  obaeriation  wilhiu  very  sinatl  Itmitn. 

Kow  whatever  be  the  exact  causation  of  tlie  first  sound, 
it  i«  undcmbt'dly  coincident  with  the  ayatole  of  the  ventricles, 
though  i>o«aibly  the  actual  commencement  of  its  becoming  audible 
may  be  slightly  behind  the  ai-tuitl  beginning  of  the  muscular  eon- 
tractiotm.  Similarly  the  occurrence  of  thu  second  sound,  which, 
aa  we  have  seen,  is  certainly  due  to  the  closure  of  the  semilunar 
valves,  may  in  accordance  with  the  view  expounded  a  little 
while  bai^k.  be  taken  to  mark  the  chwe  of  the  vwutrirular  systole. 
And  on  this  view  the  interval  between  the  bi'ginning  of  the 
hrtt  and  the  occurrence  of  the  aecoml  sound  may  be  regiirdtrd 
aa  indicating  approximatively  the  duration  of  the  ventricular 
ayatole,  %.e.  the  period  during  which  the  ventricular  tibres  are 
cootiacting. 

By  an  ingenious  arrangement  a  microphone  attached  to  a 
sU-thuscope  may  be  madu  to  record  the  heart  s'>nnds  through  the 
stiinulutton  of  a  muscle-nerve  pr<.'[>iimtitm  ;  and  the  reconl  so 
ubluined  inaj  be  compared  with  the  varimis  caniiac  curves.  When 
this  is  done,  the  Rr^t  Jtoiitid  is  found  to  Iteglu  somewhere  on  the 
eystolio  ascent  of  the  ventricular  curve,  the  exact  point  varying, 
and  the  second  aound  to  occur  juat  as  the  ventricular  curve  begins 
it-*  diastolic  descent. 

There  haa  been  however  aa  we  stated  above  great  diveigenoe  of 
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opinion  &nd  mticli  discussion  ns  to  the  exact  time  of  the  closure  of 
tlie  fteinihiiiar  valvc-i* ;  the  vifw  piven  in  tl«>  text  above,  thongh  it 
sceniB  to  be  supported  by  adequate  argumeuts,  is  not  the  only  one 
which  is  held. 

Accepting  the  view  given  iu  tlie  text,  we  mar  maVo  the 
following  slat«menL  In  n  heart  heating  72  tiitivs  a  miiiut*', 
which  itiny  1>e  taken  as  the  normal  rate,  each  entire  canJiiic  crck 
would  last  about  08  sec,  and  taking  03  sec  as  the  liumtion  of 
the  ventricular  systole,  the  deduction  of  this  would  leave  05  sef. 
for  the  whole  diastole  of  the  ventricle  including  iu  relaxation,  the 
]alt«r  f>ccupying  less  than  -1  sec  At  the  end  of  the  diastole  of 
the  ventricle  thtre  occurs  the  systole  of  the  auricle,  the  exact 
duration  uf  which  it  i»  difficult  to  determine,  it  being  hard  to  say 
when  it  rwilly  iM'gins,  but  which,  if  the  contnutiim  of  the  grcil 
veins  be  included,  niny  }>crliii[>!t  be  taken  a:s  liLoiiiig  on  an  avenge 
01  sec  The  "passive  intt^rval,"  therefore,  during  which  neither 
auricle  nor  ventricle  is  undeigning  contmction.  lasta  about  -A  sec, 
and  th«  absolnt<^  pause  or  rest,  during  which  neither  auricle  nor 
ventricle  is  contracting  or  relaxing,  about  -3  sec  The  aystok 
of  the  ventricle  follows  so  immediately  upon  that  of  the  anrick, 
that  practically  no  inten'al  exists  between  the  two  events.  In 
the  systole  of  the  ventricle  ne  may  distinguish  the  pliasu  during 
which  pressure  is  being  got  up  before  the  »-iiiiluunr  valves  an 
opened ;  this  is  exceedingly  sliort,  prf>bably  from  02  to  -03  sec 
During  the  rest  of  tb«  '3  sec  of  the  systole,  the  contents  of  the 
ventricle  are  being  pressed  into  the  aorta. 

The  duration  of  the  several  phases  may  for  oouTeDieuce  sake 
be  arranged  in  a  tabular  form  as  follows: 

sees.       sees. 

Systole  of  ventricle  before  the  open- 
ing of  the  semilanar  valves,  while 
pressure  is  still  getting  up  "03 

Oontinncd  contraction  of  the  ventricle, 
and 

Escape  of  blood  into  aorta  "27^ 

Total  systole  of  the  ventricle 

Diastulc  of  iBtth  auricle  and  ventrtcle, 
neither  conVacling,  or  "  passive  in- 
terval" 

Systole  of  auricle  (about  or  less  than) 

Diastole  of  ventricle,  iucludini::  rslaia- 
tiou  and  &Uing,  up  to  the  beginning 
of  the  ventricular  systole  "6 

Total  Oudiftc  Cyck  -8 
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Summary. 

§  119.  Wc  may  now  briefly  recapitalate  the  main  facts  con- 
nected with  thu  pn.'ssiigu  of  blood  chruu<;h  thu  buart.  The  right 
aaricle  dtirin*;  iu<  (Ii«L»tulu,  by  the  ivlaxnlion  of  its  iniiscuhtr  fibres, 
and  by  tb«  fuct  that  all  backward  prestturc  from  the  vcnlriclv  ia 
prevented  by  the  closing  of  the  tricuspid  valves,  oEfers  but  little 
resUtance  to  the  ingress  of  blood  from  the  veins.  On  the  other 
band,  ihc  blood  in  the  trunks  of  both  the  superior  and  inferior 
vena  cava  is  under  a  pressure,  which,  though  diminishing  towards 
the  heart,  reumina  higher  than  the  preaaure  obtaininK  in  the 
interior  of  the  auricle;  the  blood  in  conBe(|uenc(?  flows  into  the 
empty  auricK>,  its  progn;ss  in  tlio  case,  of  the  sup^'rior  vena  cava 
beinj!  assi«tvd  by  gravity.  At  each  insptraiiou  lhi«  flow  (as  we 
shall  sec  in  speaking  of  respiration)  is  favoutwd  by  the  diminution 
of  pre.isure  in  the  heart  and  great  vessels  caused  by  the  re-spiratory 
movements,  lietoru  this  How  baa  gone  on  vety  long,  the  diastole 
of  the  ventricle  begins,  ita  cavity  dilates,  the  flaps  of  the  tricuspid 
valve  fall  back,  and  blood  for  some  little  time  flows  in  an  un- 
broken stream  from  tho  vena-  cnviv  into  the  ventricle.  How  far 
tha  entrance  of  blood  from  tlie  Rurir;lc  into  the  ventricle  is,  under 
ordinary-  circumstances,  aided  by  the  negative  prussure  in  the 
ventriclu  following  the  close  of  the  systole,  must,  as  wc  have  said, 
be  left  for  the  present  uncertain.  In  a  short  time,  probably  before 
very  much  blood  has  had  time  to  enter  the  ventricle,  the  auricle  is 
full ;  and  forthwith  its  sharp,  sudden  systole  takes  place.  Partly 
by  reason  of  the  backward  pa'ssure  in  the  veins,  which  increases 
rapidly  from  the  heart  townrds  the  capillaries,  and  which  at  some 
distance  from  the  liwirt  is  «s:sisttHl  by  the  prcst-nce  of  valves  in  the 
venoua  trunks,  but  still  more  from  the  fact  thiit  the  systole  begins 
at  the  great  veins  themselves,  ami  sprwids  thence  over  the  auricle, 
the  force  of  the  auricular  contraction  is  spent  in  drivintj  the  blood, 
not  back  into  the  veins,  but  into  the  ventricle,  where  the  pressure 
is  still  exceedingly  low.  Whether  there  is  any  hackward  flow  at 
all  intA  the  great  veins,  or  whether  by  the  progressive  character  of 
the  systole,  the  flow  of  blood  continues,  so  to  speak,  to  follow  up 
the  systole  without  bnink,  so  that  the  stream  from  the  veins  into 
the  auricle  is  really  continuous,  is  at  present  doubtful ;  though  a 
slight  positive  wave  of  pre.<snre  synrhrnnous  with  the  auricular 
iTSlole.  travelling  backwanl  along  the  great  veins,  has  beeu 
ODservcd  at  least  in  cases  where  the  heart  is  beating  vigorously. 

The  ventricle  thus  being  filled  by  the  auricular  systole,  the 
play  of  the  tricuspid  valves  described  above  comes  into  action, 
tb»  nnricular  systole  is  followed  by  that  of  the  ventricle,  and  the 
prennre  within  the  ventricle,  cut  off  from  iti;;  auricle  by  the 
tricuspid  valvi-B,  is  brought  U>  bear  im  the  pulmonary  semilunar 
valves,  and  tlic  coluiim  of  blood  ou  the  other  side  of  Uiose  valvet. 
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As  soon  a*  I)y  the  rapidly  increasing  sliortisniiifi  of  the  ventricular 
fibres  the  pivssunj  within  the  voutriclu  lit-coincs  greater  than 
that  in  the  imlnioiiary  arlery,  tho  »i;riiilunar  viilvi^s  open,  and  the 
still  continuiiip  systole  discharyes  the  contents  of  the  ventricle 
into  tliat  vesael. 

During  the  whole  of  this  time  the  left  side  has  with  still 
greater  cnerjiy  heen  executing  the  same  manteuvre.  At  the  same 
time  that  the  venfc  cavfe  arc  tilling  the  rightauricle.  the  piilmonnry 
veins  are  tilling  the  left  auricle.  At  the  same  time  that  the  right 
auricle  is  contracting,  the  left  nunclc  is  contracting  too.  The 
systole  of  the  left  ventricle  is  Byuchrunous  with  that  of  the  right 
ventricle,  hut  executed  with  greater  force  ;  and  the  flow  of  blood 
ia  guided  on  the  left  side  by  the  mitral  and  anrtie  valves  in  the 
same  way  that  it  is  on  the  right  by  the  tricuspid  valves  and  the 
valves  of  the  pulmonary  artery. 

As  the  ventricles  become  tilled  with  blood,  and  so  increased 
in  volume,  the  apex  begins  to  prees  steadily  on  the  chest-wall, 
as  may  bo  often  seen  in  the  cardiogram,  the  curve  of  the 
cardiac  impulse.  The  fuller  distension  duo  to  the  auricular 
systole  is  more  obvious  in  the  same  curve ;  but  both  these 
changes  are  insiguiiicant  compared  to  the  effect  of  the  chnnge  of 
form,  and  of  tins  jmsicion  of  the  apex  during  the  ventricular 
systole,  by  which  the  lever  of  the  cardiograph  is  ra]iidly  and 
forcibly  moved. 

With  this  systole  of  the  ventricles  the  first  sound  is  heard. 

We  may  more  conveniently  follow  the  remaining  events  in  the 
left  ventricle. 

The  effect  of  the  discharge  of  the  contents  of  the  left  ventricle 
is  t«  raise  the  pressure  at  the  root  of  the  aorta  to  nearly  the  same 
height  iis  that  in  the  vetitrichi  itself.  The  ventricnlar  pressure 
continues  for  .some  time,  giving  ri.se  to  the '■sy-iiolic  plateau  "of 
tho  various  cardiac  curves.  In  some  cases  this  pressure  soon 
reaches  a  maximum,  after  which  it  gradually  declines,  the  curve  of 
pressure  sloping,  with  some  secondary  undulalions,  gently  down- 
wanU.  In  other  cases  whcrt^  there  is  great  resistance  to  the 
outflow  along  the  arterial  syst^-'ui,  tlie  pressure  may  continue  to 
rise  during  the  whole  of  the  ventricular  systole.  In  both  cases 
the  curves  of  the  ventricular  pressure  and  of  the  aortic  pressure 
are  similar. 

Then  comes  the  sudden  cessation  of  contraction,  the  sudden 
relaxation  of  tiie  ventricular  tibrea.  The  pressure  in  the  ventricle 
becomes  leas  than  that  which  it  itself  has  generated  in  the  aorta, 
and  the  semilunar  valves  suddenly  close  as  the  blood  flows  back 
from  the  region  of  high  pressure,  the  aorta,  towards  the  region  of 
low  pressure,  the  ventricle.  At  this  moment  the  second  sound  ia 
beard. 

Owing  to  the  semilunar  valves  being  closed,  the  pressures  in 
the  Tentriclv  and  in  the  aorta,  which  before  were  following  the 


Grai>.  IV.}         THE  VASCULAR   MECHAXISBI.  217 

Banw  course,  now  become  diHerent.  While  tha  preitiiiire  sinks 
rapidlj:  in  the  ventricle.  I'alUiig  it  may  be  below  that  nf  the  atmos- 
8p«ei«.an(l  thus  becouiiii;;  a  negative  pressure,  which  in  some  cases 
may  potwibl)'  be  coustdentblc,  thnt  in  the  norta  does  not  sink  to 
a  oorteeiiondiTig  dvgrec ;  in  fact,  ns  we  shall  »i'is.  it  i»  ri.-infori:Lt)  to 
a  oertaiii  uxumt  in  a  secondary  me,  the  eo-oftlled  dicrotic  ri^e. 

We  have  n%son  to  lielieve  not  only  thai  the  quitnlity  of  blood 
ejected  at  the  systole  may  varj-  from  time  to  time,  but  also  that 
at  times  at  all  events  if  not  normally,  the  whole  of  the  blood 
present  in  the  ventricle  at  the  systole  may  fail  to  leave  the 
ventricle  during  the  aystole,  more  or  leas  remaining  behind  at  the 
close ;  the  ventricle  in  such  cases  docs  not  completely  empty  it«cU. 
On  tiw  other  hand,  we  may  perhaps  admit  that,  at  least  under  cer- 
tain circumstanees,  when,  for  insinnce,  the  contents  of  the  veulriclo 
are  small,  and  tho  ventricle  vijijiirous  or  the  !»y.*tole  prolonged,  the 
whole  of  the  contents  may  be  discharged  in  the  earlier  part  of  the 
systole,  the  ventricle  remaining  contracted  for  some  little  time  after 
it  has  emptied  itself. 


The  Work  done. 

§  130.  We  have  already  (§  114)  spoken  of  that  most  important 
factor  ill  the  determination  of  the  work  of  the  heart,  the  pulse- 
volume,  or  the  igiiantity  ejected  from  the  ventricle  into  the  aorta 
at  eadl  systole,  and  of  the  various  methods  hy  which  it  mny  bo 
estimated.  We  have  seen  that  it  probably  varies  within  very 
COD^idersble  limiu. 

We  may  here  repeat  the  remark  that  exactly  Ihfl  same  quantity 
most  issue  at  a  beat  from  each  ventricle ;  for  if  the  right  ventricle 
at  each  beat  gave  out  rather  less  than  the  left,  after  a  certain 
number  of  beata  the  whole  of  the  blood  would  be  gathered  in  (he 
systemic  circnlation.  Similarly,  if  the  left  ventricle  gave  out  less 
than  the  right,  nil  the  blood  would  soon  be  crowded  into  the 
lungs.  The  fact  that  the  )>n:!S-'<nre  in  the  right  ventricle  is  so 
much  less  than  that  in  tJie  left  (pmbtibly  30  or  40  mm.  as 
compared  with  200  mm.  of  mercury),  is  due,  not  to  differences  in 
the  quantity  of  blood  in  the  cavilien,  hut  to  the  fact  that  the 
peripheml  resistance  which  has  to  lie  overcome  in  the  lungs  is  so 
much  less  thnn  that  in  the  rest  of  the  body. 

Not  only  <l<jc9  the  amount  ejected  vary,  but  the  pressure  under 
which  it  is  ejected  also  varies  within  very  considerable  limits. 
Moreover,  the  number  of  times  the  systole  is  n^pcated  within  a 
given  period  may  also  vary  considerably.  The  wurk  done,  therefore, 
Taries  very  much.  Itut  it  may  be  interesting  and  instructive  to 
note  tlie  results  of  calculating  out  a  very  high  estimate.  Thus 
if  we  lake  180  grms,  as  th«  quantity,  in  man,  ejected 
at  each  stroke  nt  a  pressure  of  250  mm.  of  mercury,  which  Is 


218  THE   WORK  DONS.  [Boosl 

equivalent  to  3*21  meters  of  blood,  this  means  that  the  left 
ventricle  is  capable  at  its  systole  of  lifting  180  gnus.  3*21  m.  high, 
i.  e.  it  does  57lj  gram-meters  of  work  at  each  beat.  Supposing  the 
heart  to  beat  72  times  a  minute,  this  would  give  for  the  day's 
work  of  the  left  ventricle  nearly  60,000  kilogram-meterB.  Calcu- 
lating the  work  of  the  right  ventricle  at  one-fourth  that  of  the 
left,  the  work  of  the  whole  heart  during  the  day  would  amonnt  to 
75,000  kilogram-meters,  which  is  just  about  the  amount  of  work 
done  in  the  ascent  of  Snowdon  by  a  tolerably  heavy  man. 


SEC:  4.    THE  PULSE 


§  181.  We  have  seen  that  the  arteries,  thongh  always  dis- 
f  n<bd,  undergo,  each  lime  that  the  systole  ol  the  ventricle  drives 
the  coDtentR  of  the  ventricle  into  the  aorta,  a  U'tupurnry  additional 
espausion  so  that  when  the  finger  is  placed  on  an  arterj-.  such 
M  the  radial,  an  iuturiuilUtnt  pressure  on  the  finger,  cuming  and 
going  with  the  beat  of  thu  hvnrt.  is  felt,  and  when  a  hghl  k-vur 
is  ptnovd  on  the  nrtvrr,  tlio  levvr  is  niisvd  at  vach  Imiil,  falling 
bi'lwi.it'n. 

This  iDtennitt«ut  expansion,  which  we  call  the  ptiUe,  cor* 
responding  to  the  jerking  ontHmv  of  hlood  from  a  severed  artery, 
is  pn;wut  in  the  nrteriea  only,  being,  except  under  particular 
circumstances,  absent  from  the  veins  and  capillaries.  The  expan- 
eion  is  frequently  visible  to  the  eye,  and  in  some  cases,  as  where 
an  artery  has  a  hend,  may  cause  a  certain  amount  of  loeomution 
of  (he  vessel. 

Wu  may.  by  applying  various  instruments  to  the  interior  of  an 
ilrt'»ry.  study  iho  UiiuyiTury  ini-re;we  i»f  pressure  which  is  the  cause 
of  the  l«mporuiy  inca-a.'io  of  expatixion.  This  makes  itself  felt,  as 
w«  have  seen,  in  the  curve  of  arterial  pressure  taken  by  the  mercury 
manometer ;  but  the  inertia  of  the  mercury  prevents  the  sjiecial 
characters  of  each  increase  becoming  visible.  In  order  to  obtain 
an  adequate  reoonl  of  these  special  chamcters  we  must  have 
recourse  to  other  inscmtnenta. 

TIm  iDembmnc-mannmotcr,  of  which  wo  have  already  spoken  (§  113), 
and  on  tlM  results  gained  by  which  when  a[i{>Ii^l  to  lh«  root  of  the 
aorta  by  means  of  a  i'3lti«ter  we  hav^  direlt  ()  llti),  may  also  bo  applied 
to  other  art«rie8,  the  tube  laadiug  to  ttie  iniiilMur  uf  tlio  niaiiomcter  Mng 
oouoectei)  with  tbe  artery  by  meatu  of  a  cHnnuU  in  tlic  ordinary  way. 

In  Fick'a  Himng-iuanom«tor,  in  ib>  uri^iuid  fotni,  Fi^'.  .16,  Iha  artrry 
ia  cnnn«cU!<)  by  nifans  of  a  cnnniila  and  •  rinid  tiitio  ootitaioing  Hiiiil 
with  thq  inti-riof  ^f  a  ciirvwl  ipring  ;  an  iiionMue  of  pnaKire  nnfnld* 
the  ciirvn  of  th«  c]>rin9,  tbn  mnvoniRnt*  nf  tlio  end  or  which  nay  bo 
iscordod  by  nieant  of  a  lorcr.  In  Kick's  impmrtid  form  Uie  membniDa 
of  a  omaU  ai^talnbour  works  nttainst  a  hnrinantul  sliii  of  steel  which 
acta  aa  a  ^ning;  this  instramont,  like  Frey  and   Krvhl'a  iitsiKin>ct«r 
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which  i«  only  n  inodifiQatioH  of  it  (see  5  113),  can  be  npplied  to  nu  HTtery 

by  a  c:uniiulii  in  lh«  ordinnry  wuy. 

Tlie  "Bphj'Kiii»Miiri)i>c"  consists  nf  a  small  olostic  bag,  Ilia  eiiil  of  an 
in<lin  rubber  finger,  fur  instancu,  fitted  on  lo  a  conicnl  cork,  tliroii^li 
which  ]ia3sce  a  tuliu  ojmtin);  iiilo  the  bs^',  ami  connected  by  a  canimla 
with  tho  artr^ry  ;  bolli  bag  ami  tube  are,  bufurc  being  cuniiecli-d  with 
the  arlury,  tilleJ  with  Huid  of  u  nntiire  to  hinder  dotting.  Tlia  hug,  by 
meuoa  of  the  conical  cork,  i^  linuly  fitted  into  the  tniU  uf  a  mnull  f;1aH 
tube,  the  caviiy  of  which  lille>l  with  uir  in  conticctt-d  with  it  rdonlini;  air 
taiubuur.  The  chunf^ps  of  jirpssiiri!  williin  the  artery  an?  Imn^mitlnl  to 
llie  elastic  bag,  and  tbruugli  tliia  to  the  air  of  the  glass  tube  and  ho  to  tho 
Kconlin;;  titnihmir. 

The  tniulicnir-«]>hy_';moscopc  of  Hnrthle  is  n  cotDbinntion  of  tbn 
nicnibrane-nitinonieler  with  9  tfttnbovir.  The  ntPiubrane  of  the  manometer 
worka  nut  directly  on  a  lever,  but  on  a  recording  air  tambour,  the  movo- 
ments  of  which  are  reconled  in  tlie  utiual  way. 

In  tlif  BphygiuotoiiomL'tiit  (if  Iloy,  liic  artery  U,  by  means  of  a 
cauiuila,  and  riyiil  tt»b«  lilW  with  fluiii,  ciiiinected  with  a  cylinder  in 
which  a  li(fht  pistou  wurkn  by  nicniia  of  a  delicatu  uivmbraue. 


Pio.  56.  Pick's  Spanio  Minomtna. 

The  natiMieil  tnbB  In  the  (orm  of  a  hoop  ii  Urnily  (lnoit  at  one  end,  whllath* 
other  tnn  mi  li  nttnchcd  »  a  lorer.  The  hilei-rur  of  Ihr  ml*.  filW  wUh  rpirtt.  U 
brought,  by  mrnii*  of  a  tnbe  containing  eodlatii  carlioiinie  noliition.  into  onnnecCloD 
wllh  an'atlrrv.  iji  much  the  Mine  wa;  a*  in  the  cann  n(  the  niRtmry  nianomMen 
The  tni-icfiM!  'o[  prennre  in  the  artery  tieiujc  tnintiiiit it'll  to  Ihc  holluw  hoop,  unda 
to  atraightan  it,  nDd  conwpondicigl;  iDOvea  the  atlavheil  levor. 
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Aihl  thero  ara  «tiU  othor  in«trunieiitji  which  any  be  iis«d  in  a 
■iniilar  wnv. 

It  »  not  necefwary,  howei-er,  to  open  the  Rrt«ry ;  we  mnj  study 
indinclly  Uie  changes  of  pi^saure  by  recording  the  expansions  and 
rctmctions  of  the  arury,  the  changes  in  its  diameter,  whicli  aiv 
produced  by  the  changes  of  pressure. 

The  moot  coiumon  melhod  of  re^ist^riDg  the  expansion  of  aii  artery 
and  at  th«  aame  time  one  of  the  sinipltwl,  a  tli:it  of  biiuginj;  a  light  luvor 
to  biuir  on  tlio  uitUiJe  of  the  aitt-ry. 

A  l«v«r  ttpuuinlly  ailupuid  lo  record  a  pitko  tmciiij;  in  ciJIihI  a 
sphygmograpli,  ihti  iiiKlmnictnt  i^flnurullj'  uuiujiriiiiii^  »  umall  tmvi-liiiifj; 
noording  butIbco  od  which  the  lover  write*  'I'lu^ro  arc  many  diSvrciil 
fnrnu  of  aphygiDo^iaph,  but  the  geiiml  plan  of  strut'litro  is  the  snnio. 
Vig,  57  reprufienta  in  a  Uiagraiiiniatic  f'>rni  the  oMciitial  ports  of  tlie 
•|>liy};>ii'>i«'t^I>h  known  ua  DuJf^ii'a,  which  we  have  choMu  for  repre- 
■etilatiun,  nut  bi-oauM  It  it  beat,  but  becaii»«  it  is  uiie  very  largely 
eiD{>InyoiI  in  luiKiii-jil  jimcticri!.  The  iriatruinunt  ia  i^nurully  applied  tu 
th*  miliot  nrl«ry  hnrAiisn  Iho  ami  alToitls  a  umivnnient  mijijmrt  to  tha 
fnlcrnm  of  tbo  lovor,  ami  bocniiM  tlin  poaitiun  of  tlie  artory,  nvur  to  thu 
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Ctitatn  ntppoHlpg  parts  ue  otiuUcd  ao  thu  the  muliiplyj&g  leren  autf  b« 
4«pla;«i. 

a  u  a  imiUI  oinul  titaln  nhicli  in  kopt  prtfind  on  (ho  Arterv  hj  tho  ■prrnii  h. 
The  lertical  mnvriueuu  ii(  a  ra(M>  tinmit-ttn  nioi»miMit»  of  ihii  Ini-rr  f  »liout  (ho 
flaad  Jioiat  J.  Tlinn  Un  comnHinlMlril  to  ami  matriiiA''^  l>X  <h(>  Ictit  <.  whirh 
nwvH  ftmiid  ih*  nxod  fnlM /.  Th*  (rve  end  «t  ihij>  loior 'cnrripn  n  llsht  titrl 
markar  which  rcaU  on  a  Mrip  of  rmaktd  ftpn  i.  The  gnpor  ia  plariHl  tirncath  tvo 
anHdl  irhwlii,  and  taOM  on  n  roHot  which  can  be  rntalcfl  by  mettm  of  I'lortt-irark 
MaUinad  In  Ihn  Utx  k.  The  paper  U  ihn*  f«ucd  lo  tmVcl  tX  n  nniform  rate. 
Tha  Ktcw  ^railiuMd  Im  omimm  Ttov  <•  bavnght  lo  bear  on  the  wptmR  &  hr  mcuni  uf 
anmni.Bi>d  br  iM*  Iho  trttwnm  pal  on  the  artctj  cmi  be  tegulnlM.  The  lenn 
majprifT  the  paW  nKmcniDnl*  tl(ly  time*. 
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surface  and  with  t'ne  »ippcrt  of  the  radius  hclow  «o  tlint  adequate 
piv-Miiiro  cau  be  brxtghl  to  bear  liy  the  Inver  cii  tli«  artery,  is  favour- 
ablo  for  making  obaervalious.  It  can,  of  cotine,  bs  applied  to  oth«r 
arteries. 

Tbo  membraii*-iiiauometer  of  Hurthle  may  a]ao  be  applied  directly 
to  ail  unajwueil  uilcry.  1'liu  cuiiuiila  iti  reiilucetl  by  a  aiimll  fiuiiiul,  tlio 
mouth  uf  u'bidi  is  cuvHred  hy  ttimubniiiu  btxirint;  at  iu  cRiilrit  a  rmal] 
block  of  curk.  If  the  curk  bo  |irL-»ud  li^jhtly  un  an  urterv,  thu  Kxpaitiiotia 
of  the  artory  move  thu  nic!nil>mni-  uf  tho  funitui,  iiiul  ihc  iiiovriitniU 
of  this  are  traniiiiiitttid  nlotig  ihu  fluid  i>f  a  rigiii  tube  ta  the  recording 
tambour. 

A  pulee  tracine  may  nl*o  bo  indiirctly  obtniDod  by  the  pjethysino- 
graphic  method.  If  tbo  arm  bo  introduced  into  a  plelhysnmjirapb 
(§  10*1),  a  tracing  may  be  obtaiiicil  of  the  rbj'tbnitc  expuumimii  of  tlie 
ariu.  that  is,  of  llie  rbytbmic  oxjiaiisions  of  tho  arteiu-a  of  llie  uiiii.  du« 
to  Iba  bean  beata.  If  ibe  pletbyminJKi'pb  clniiiibi-r  bu  tilled  wilb  air 
insUvid  of  fluid,  tb(^  cbn)i}i;i.'.i  of  {iri.-Mure  in  the  chiinibiiT  niuy  b(i  brought 
to  bi^iv  oil  n  auunilivu  linmc,  tho  cliauguii  of  which  iu  turn  may  bo 
pbotugmphwl, 

If  the  artory  be  laid  bnn<,  other  motbods  may  be  adopted.  In  *cmo 
caaea,  in  tliat  of  the  aorta,  for  inHance,  it  in  sufficient  to  atlach  o  light 
liouk  into  the  outer  coat  of  the  artery,  and  to  connect  the  book  by 
nicana  of  a  thread  with  a  carefully  balauccd  lever.  The  inovemeiiU  of 
tho  coat  of  llio  Briery  are  thun  rwconled  by  the  lever. 

Tlio  (phyRinolou'^iueter  of  Koy  luuy  also  bu  used  without  opening 
tho  nrtdry.  For  this  purpoKH  n  Icnplb  of  tbo  artc-ry  id  i>ncIo»c(l  in  ■ 
tube  with  rigid  walls  lilb'd  with  fluid,  wbirh  net*  ns  u  pletliyfmograpli, 
the  tnovemoubt  of  tlin  Buiil  aroiinil  Ibc  nrti^rj-  bring  roconled  by  nicatis 
of  A  piston  working  a  li'vcr.  If  the  nrterj-  bo  lignlinvd  and  divided, 
one  end  may  Iw  drawn  into  the  tubo  for  the  diMnnre  ivquircd.  The 
tube  may  also  !«  made  of  two  halves,  one  of  ivbicb  is  btipped  under  the 
artery  iiiiu]dy  laid  bare,  tbo  other  placed  above  it,  and  the  two  halves 
arc  brougbt  to^thur  round  the  artery,  the  two  eods  of  the  tube  beiqii 
clomxl  witli  mem  bra  na. 

Anil  Mtill  otbur  melboda  may  1>e  employed. 

Tlie  iteveral  tracinga  obtained  by  these  several  methods  differ 
of  course  in  minor  fenturt-s.  but  they  agree  in  general  features; 
and  from  a  comparativu  study  of  tlic  results  obtiiined  by  different 
methods  we  are  able,  in  muny  cases  At  all  wonts,  to  form  conclu- 
sions as  to  which  uf  tho  minor  fentuKS  of  a  curve  are  due  to  the  in- 
strumeiit  itself,  and  which  rapi^sent  events  artrntlly  tiking  plnco 
in  the  artery.  On  the  whole,  the  curve  obtained  by  direftly  record- 
ing the  prexsuiB  within  the  artery  is  concordant  with  that  obtained 
by  recording  the  expansions  of  the  nrterr ;  the  curve  obtained  by 
the  manometer  or  by  tho  spLyKUioscopo  very  closely  resembles 
that  obtained  by  tltc  tphygmogmph.  and  tJ>c  more  completely  the 
incidental  erron  of  each  instrument  are  avoided,  the  more  cloecty 
do  tJjc  two  c«rve«  ayree.  We  may  acconiinply  in  treating  of  the 
pQlse  confine  ourselves  larjiely  to  the  result*  obtaimNl  hy  the  sphyjj- 
mc^raph.    Any  of  the  various  losuuments  applied  to  the  radiat 
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art«i7  would  give  aome  such  tracing  as  that  shewn  in  Fig.  58  which 
is  obtained  by  means  of  the  Ephj'gtiiogrikpli.   At  each  heart  heat  the 
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Ftti.  as.    I'liLSE  TKAOiato  moK  thk  R*i>ui.  AiiTsar  or  Ma». 

The  TBrllfBl  (urrwl  tioo,  L,  ((i»c«  Ihe  tmriiig  wliich  the  rMoriliD^  Um  made 
wtat  tha  bUrkonal  pnpcr  wu  inotLoii1«a,  The  rnrred  ioterruMixl  Iium  bIh-w  t)j« 
diMBM  tttim  ouc  oiHithcr  iti  lime  uf  ttio  chiof  phaMW  of  thti  pulnn-waie,  \\t, 
I  ^  MMmnonnmriit.  and  A  eud  of  vK|uiiinoii  of  arlcri'.  p,  prcalii-niiir  nutrh.  (',  iti- 
cnNle  MUh.  C.  diirr-tif  cmc  U,  putt-dioTutii;  crust.  /,  thu  piHi'dicrDt[a  Dutch. 
Tttitm  ttcna  m  cxtiUiiiud  in  tha  text  Ut«r  uu. 

cuTi'o  riflca  rapidly,  and  then  (alls  more  gradually  in  a  line  which 
is  more  or  \e*s  uneven. 

§  133.  We  hare  now  to  study  the  nature  and  choractt^'rx  of 
thu  pul.se  in  greater  detail. 

We  may  say  at  once,  and.  indeed,  have  alreaiiy  incid*>ntally 
seen,  that  the  pulse  ia  essentially  due  to  physical  caiiiiea;  it  is 
the  physical  result  of  the  sudden  injection  of  the  content-S  of  the 
ventricle  into  the  ulastic  tubes  called  arteries.  Its  features 
depend  on  the  one  hutid  on  the  systole  of  tho  ventricle,  on  the 
qnantity  of  hloud  which  is  thi-rehy  di^chiir^d  into  the  norla,  and 
OD  the  manner  in  which  it  is  di»ehanfi.-d,  and  on  the  other  hand 
on  the  elasticity  of  the  artttrial  walls.  The  more  important  of 
these  features  may  be  explained  dii  physical  prineipleji,  and  may 
be  illustrated  hy  means  of  an  artificial  model,  so  far  at  leaat  as 
we  can  imitate  the  action  of  the  hearL 

We  may  confini'  ouniolvcs,  in  the  6nt  instance,  to  the  simplo 
expansion  of  the  arterial  tube  and  its  return  to  its  previous 
coudition,  neglecting  fur  the  prosunt  nil  s>.-condart'  e%'onts. 

If  two  levvni  he  placed  on  th<?  arterial  lubes  of  an  artificial 
motbt  Fig.  30,  S.  a.,  £r.  a.,  one  near  to  the  pump,  and  the  other 
near  to  toe  peripheral  n>sistan(»*,  witli  a  couaiderable  length  of 
tubing  between  tliem,  and  both  levers  ho  made  to  write  on  a 
fscording  surface,  one  immediately  below  the  other,  so  that  their 
cun-ps  tail  be  more  easily  comjNtred,  the  following  facts  may  be 
obMTi'ed,  when  the  pump  is  »Gt  to  work  regularly.     They  an 


Pro.  69.  I'lilw <Tin<T  dptprrix'tl  lir  n  •i'Hm  of  »pliTginoi^pliic  levm  plnctc!  u 
iut^rvalji  <.'f  20  cm.  frc>in  iMth  tillirz*  nl^-fip  nji  rlnslii:  til  lie,  inU.*  njtii'^  fluid  i>  forocil 
liy  Ihc  tildilfii  !lrokp  of  n  piiinp.  'I'iip  iJiilwivnvc  in  irui  elMiig  fniui  left  to  ri|;lil.  aa 
indiuitcd  bv  llle  nrrtiws  orcr  the  )irinin[v  (n|  nuil  HTomlory  (i.  r|  piilsc-wn»p».  Tho 
dotttxl  tcrcicnl  lints  drawu  from  tlie  ■imiiiiit  of  Ihp  Rrvrral  prininri'  wavps  to  (he 
tai)iii£-f«Tk  curx*  bulow,  oiu'h  (^umptplp  vi)>rHii"n  of  wliicli  oi-'ciipicit  g^  KL-c.uiUinr  the 
time  to  bo  meafiired  wliicb  is  tnkrii  up  hy  tlii<  niivf  iii  p'luiiii;  uUmg  SI)  i^iil  of  the 
tubinj;.  The  wai-w  o'  Sr*  wiivm  tr/t-rirti  fnmi  Ihfi  rlnHC'i!  <li>.i;il  rtiil  nf  IhL-  tu'iinc: 
(hid  ia  ipulirslH  b;  the  iliirt'tiiui  i>(  thf  arn>w».  It  will  lio  iilwirivil  lliHl  in  the 
niiirv  ilitiaiit  IcviT  ^'1.  thv  ivflvrini  wavti,  linvltiK  liiit  n  dliglit  iliniuiii'v  (u  trftiel, 
bwoniM  (dmiI  with  tlie  priniarv  wavp.    (From  Mnrey.) 

At  each  stroke  of  the  pump,  earh  lever  rises  until  it  resclies 
a  iDftximum  (Fi^.  60.  la,  2n,  &c.),  and  then  falls  again,  thna 
describing  a  cun-e.  Tho  rise  ia  du«  tn  the  expansion  of  the  part 
of  the  tube  undur  the  ]cver,  nnd  the  fall  is  due  to  that  part  of  the 
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tube  returning  alter  the  expaosion  to  its  previous  calibre.  The 
curve  is  ttierefore  the  cur^'e  of  the  expansion  (and  relum)  of 
the  tube  at  th«  point  on  which  the  lever  rests.  We  may  call  it 
the  pulse-ciirvf.  It  ia  obvious  that  the  expansion  pasees  by  the 
lever  in  th<!  form  of  a  wavo.  At  onv  uioiiii'nl  the  lever  is  at  rest: 
the  tuW  bt-DCUth  it  is  simply  ili8U.-iiiiL'd  to  the  norual  aniount 
iiiilit-iilive  of  the  nit^-aii  pressun.^  which  at  the  lime  obtains  in  the 
arterial  lubes  of  the  model ;  iit  Ihe  next  moment  the  pulse  expan- 
sion reaches  the  lever,  aud  the  lever  begins  to  rise ;  it  continues 
to  rise  until  the  top  of  the  wave  reaches  it,  after  which  it  falls 
again  until  tioally  it  coiaes  to  rait,  the  wave  having  completely 
passod  by. 

It  may  piTliai>s  bo  as  well  at  once  to  warn  the  reader  that  the 
figurv  which  wo  call  tlio  pulse-curve  is  not  a  representation  of  tlie 
pulsc-wavu  itself ;  it  is  simply  a  representation  of  the  movements, 
up  and  down,  of  the  piece  of  tlie  wall  of  the  tubing  at  the  spot  on 
which  the  lever  rei<t4t  during  the  timr  lb.it  the  wave  is  panfing 
over  that  spot.  We  may  roiigiily  n^present  the  wave  by  the 
diagram  Fig.  60,  in  which  the  wave  shewn  by  the  dotted  line  ia 
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passing  over  the  tuba  (shown  in  a  condition  of  i^t  by  the  thick 
donbb'  line)  in  the  direction  from  ITU>  C.  It  must,  howuvor,  be 
remembered  that  tb«  ware  thus  figured  is  a  much  shorter  wave 
than  ia  tlic  pulse-wave  in  reality  (that  being,  ta  we  shall  tee, 
about  6  metiers  long),  Lr.  occupies  a  smaller  length  of  the  arterial 
■ystom  from  the  hi>art  H  towards  the  capillaries  C.  Moreover,  the 
actual  puls«>wave  has  secondary  features,  which  we  are  neglecting 
for  the  present,  and  which,  therefore,  we  do  not  attempt  to  shew 
in  the  figure. 

The  cur\cB  below,  .,1'.  I'.  Z.  represent,  in  a  similarly  diagram- 
matic  fashioD,  the  curros  deticribcd,  during  the  passage  of  the  wav^ 
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by  levers  placed  on  the  points  x,  y.  «.  At  Z  the  greater  part  of 
the  wave  uas  already  passed  uTidcr  this  lover,  which,  during  ita 
uasKugi.',  hfls  already  dusorilicd  the  grunter  part  of  its  cvirvf,  shewn 
[>y  thu  thick  lin«,  and  has  only  now  to  describe  the  small  part, 
ithewri  hy  thi>  dottvd  line,  en rre^po tiding  to  the  remaindi-r  of  the 
wave  from  Z  to  //.  At  Kthe  lever  is  at  the  summit  of  the  wave. 
At  ^I'thi;  lever  has  only  described  a  small  part  of  the  beginning 
of  the  wave,  viz.  from  C  to  x.  the  rest  of  the  cuivc,  as  shewn  by 
thu  dutU'd  line,  having  yet  tu  bu  dusmbo^ 
But  to  return  to  iho  cons) duration  of  Fig.  59. 
§  133.  Tlie  rise  of  each  lever  is  soinewhut  sudden,  but  the  fall 
b  more  gradunl,  tuid  is  genemlly  marked  with  some  irregularities 
which  wi!  »liall  study  presently.  The  rise  is  sudden  because  the 
sharp  stroke  of  the  pump  suddenly  drives  a  quantity  of  tluid  into 
the  tubing,  and  so  suddenly  expands  the  tube  ;  the  fall  in  more 
gradual  because  the  elastic  reaction  of  the  walla  of  the  tube,  which, 
after  the  expanding  power  of  the  pump  has  ceased,  brings  about 
the  return  of  the  tube  to  it*  former  calibre  driving  the  fluid 
onwards  to  the  periphery,  is  more  gradual  in  i[«  action. 

These  features,  the  suddeiinoi^.'*  of  the  rise  or  up-slroke,  and  the 
more  gradunl  slojie  of  llie  tall  or  down-stroke,  are  .seen  also  id 
natural  pulse-curv.'s  wken  fnmi  living  arteries  (Figs.  58,  61  &a). 
Wo  shall  see,  however,  ihat  under  certain  circumstances  this 
contrast  I)etween  the  up-stroke  and  the  down-etroke  is  not  so 
marked. 

It  may  here  be  noted  that  the  actual  siK!  of  the  curve,  that  is 
the  amount  of  excursion  (►f  tho 
lever,  de]x>nds  in  part  (as  dues  also 
to  «  grvat  extent  the  form  of  ihe 
curve)  on  the  amount  of  pressure 
exerted  by  Uio  lever  on  the  tube. 
If  the  lever  only  just  touches  the 
tulio  in  its  expanded  state,  the  rise 
will  be  in  significant.  If,  ou  th« 
other  hand,  the  lever  W  pn-ssed 
down  too  firmly,  the  lube  benwith 
will  not  be  a)>l(>  to  expand  as  it 
otiierwise  would,  and  the  rise  of  the 
lever  will  U-  pniportionately  dimin- 
ishii),  lliere  is  a  cenain  prev9Hre 
which  must  W  exerted  by  tW  lever 
on  the  tube,  the  exact  amount 
depending  on  the  expansiii-c  power 
of  the  tubing,  and  on  the  pressure 
exertml  by  the  fluid  in  the  tube, 
ID  order  that  the  tracing  may  be 
best  narked.  This  is  shewn  in 
f^  61.  ill  which  ore  given  tlii«e  tracings  taken  from  tlie 
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ndial  artery  with  the  same  instninient;  in  the  lower  curve  the 
pressure  of  the  lever  U  too  great,  iii  the  upper  curve  too  suuill,  (o 
bring  out  th«  proper  characters  of  the  pulse  ;  these  arc  soeu  mow 
dtfitinctly  in  the  niiddlu  curve  with  a  medium  pressure. 

§  184.  It  will  he  observed  Liiut  iu  Fig.  59,  curve  I.,  which  is 
Dcarcir  the  pump,  rises  uuire  rapid ly  and  riwshighor  than  curve  II., 
whiHi  is  farther  awny  from  th"  pump;  that  is  to  say.  (it  the  lever 
farther  awoy  from  the  pump  tlie  expansion  is  less  and  take»  place 
more  slowly  than  at  the  lever  nearer  the  pump.  SiniilRrly  in 
curve  IV.  the  rise  is  still  leas,  and  take.t  place  still  less  rapidly 
than  in  II.,  and  the  same  change  is  seen  still  more  marked  in  V. 
Bs  comi«nid  with  IV.  In  fact  if  a  number  of  levers  were  placed 
at  c(iual  diKtauces  along  the  art^'finl  tubing  of  the  model,  and  the 
mmk'l  weir:  working  properly,  with  an  adequate  peripheral  resist- 
ance, wv  might  tmcu  out  sU;p  by  8t«'p  how  the  expansion,  a-5  it 
travelled  along  the  tube,  got  less  and  less  in  amount,  and  at  tho 
aeme  time  became  more  gradual  in  its  development,  the  curve 
becoming  lower  and  more  flattened  out,  until,  in  the  neighbourhood 
of  the  artificial  capillaries,  there  was  hardly  any  trace  of  it  left. 
In  other  words,  we  might  trace  out  step  by  step  the  gradual 
disappearance  of  the  pulse. 

The  same  changes,  the  same  gradual  lowering  and  flattemng 
of  the  curve,  may  Ih.-  seen  in  natural  pulse  tracings;  compare,  for 
instance.  Fig.  62,  which  is  a  trac- 
ing from  tlie  dorsalw  pedis  artery, 
with  the  tracing  from  the  radial 
artery  Fig.  61,  taken  from  the 
same  individual  with  the  snme 
instrument  on  the  same  occasion. 
This  featunj  is,  of  course,  not  ob- 
vious in  all  pulse-curves  luken 
from  different  individuals  with 
different  instrument*  and  under  varied  circumstance*;  but  if 
a  aeri«a  of  curves  from  different  arteries  were  carefully  taken 
under  tlie  same  conditions,  it  would  be  fonnd  that  the  aortic 
tracing  is  higher  and  more  sudden  than  the  carotid  tracing, 
which  again  is  higher  and  more  sudden  than  the  radial  tracing. 
the  tibial  tracing  Wing  in  turn  still  lower  and  more  flattened. 
The  pulse-curve  dies  out  by  becoming  lower  and  lower,  and  more 
and  more  fUttened  out. 

And  a  little  consideration  will  show  us  that  this  must  be  sa 
The  systole  of  the  ventricle  drives  a  ijuantity  of  blood  into  the 
already  full  aorta.  Tlie  sudden  injection  of  this  quantity  of  btood 
expands  the  portion  of  the  aorta  next  to  the  heart,  the  part 
immediately  adjacent  to  the  semilunar  valves  beginning  to  expand 
first,  and  the  expansion  travelling  thence  on  to  the  end  of  this 
portion.  In  the  same  way  the  expnnsion  travels  on  from  this 
portioa  through  all  the  aucoeedlng  {lortions  of  the  arterial  system. 


Fir,.  A3.     PiTUiR  tbjICIXO  fhom  !>»«■ 
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For  the  total  expnnsian  required  to  make  room  foi  the  new 
quantity  of  blood  is  not  provided  by  ihiit  portion  ulunu  of  the 
ftorla  iulo  wiiji;li  ttii?  blood  is  nctuidly  rt-coivcd ;  it  is  supplinl  by 
the  whole  anerial  »y.')tem :  the  oKl  (luaiitity  of  blood  which  is 
replaced  by  the  new  iii  this  Hral  portion  liati  to  liiid  rooin  for  itMi;lf 
ill  the  rest  of  the  arterial  apace.  Aa  the  expansion  navels  onward, 
however,  the  increase  of  pri^saure,  which  each  portion  transmit  to 
l\t'3  sniTcedinK  portion,  will  be  less  than  that  which  it  received 
from  ihf.t  prccfdiug  portion.  For  the  wliok-  incrcusc  of  pressure 
duo  to  tbu  systole  of  the  veutrtcle  hiis  to  be  distrilmtcd  over  tlie 
whole  of  the  artorial  system  ;  the  (^enunil  uie&n  arterial  pressure 
]»,  aa  we  have  Reeii,  iiinintainitd  by  rejiuatod  systoles,  and  any  oua 
systole  haji  to  niake  its  coiitributtoti  to  that  mean  pressure ;  the 
increase  of  pressure  whlcli  starts  from  the  ventricle  must  tiiere- 
fore  leave  behind  at  each  sto^e  of  its  progress  a  fraction  of  itself; 
that  is  to  say,  the  expansion  is  continunily  growing  less,  as  the 
pulse  travels  from  the  heart  to  the  capillaries.  Moreover,  while 
the  expansion  of  the  aorta  next  to  the  heart  is,  so  to  speak,  the 
direct  vBect  of  the  systole  of  the  ventricle,  the  expansion  of  the 
more  distant  iirlery  is  the  effect  of  the  systole  Irnusuiitted  by  the 
help  of  the  elastic  reaction  of  the  arlt;rial  tract  lietween  the  heart 
and  the  distant  artery  ;  and  since  tliis  elastic  reaction  is  slower  in 
development  than  the  actual  systole,  the  expansion  of  the  more 
distant  artery  is  slower  than  that  of  the  aorta,  the  up-stroke  of 
the  pulse-curve  is  less  sudden,  and  the  whole  pulse-curvo  is  mora 
flattened. 

Thi-  object  of  the  systole  is  to  supply  a  contribution  to  the 
mi?an  pressure,  and  tho  pulse  is  an  oscillation  above  and  Vjclow 
that  mean  pressure,  an  osuillntion  which  diniini^bes  from  the  heart 
onwards,  iM'iiiy  dampt'd  by  the  elastic  walls  of  the  arteries,  and  so. 
little  by  little. converted  into  mean  pressure  until  in  tlie  capillaries 
the  mean  pressure  atone  remains,  the  oscillations  having  dis- 
appeared. 

§  125.  If  in  the  model  the  points  of  the  two  lovers  at  different 
distances  from  the  pump  be  placed  exactly  one  under  the  Other 
on  the  recording  surface,  it  is  obvious  tiiat,  the  levurs  being  alike 
except  for  their  position  on  the  tube,  any  difl'erenee  in  time 
between  the  movements  of  the  two  levers  will  be  shewn  by  an 
interval  between  the  beginnings  of  the  curves  they  describe,  the 
recording  surface  being  made  to  travel  sulhciently  rapidly. 

If  the  movements  of  the  two  levers  be  thus  compared,  it  will  be 
seen  that  the  far  lever  ( Fig.  51l,  1 1.>  commences  later  than  the  ncjir 
one  (Fig.  59.  l.J ;  the  farther  apart  the  two  levers  are,  the  gnatcr 
is  the  interval  in  time  between  their  curves.  Comimre  the  series 
I.  to  VI.  (Fig-  59).  In  the  same  way  it  would  be  found  that  the 
ri»o  of  the  near  lever  k^gan  some  frnctiou  of  a.  second  after  the 
stroke  of  the  pump.  This  moans  that  the  wave  of  expansion,  the 
puUe-wave,  takes  some  time  to  travel  along  tJie  tube. 
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The  velodty  with  wliich  the  pulsc-wflvc  tnv«1s  depends  chiefly 
on  the  amount  ut  rigiilil.v  [M'ss^^sseil  by  the  tubing'.  The  more 
exttiiisibk  (with  corre«]>oiiding  elastic  reaction)  the  tube,  the  slower 
is  thu  wave ;  tlie  more  rigid  the  tube  becomes,  the  fnsttT  the  wav« 
iniveU;  in  a  perfectly  riyid  tube,  what  in  the  elastic  tube  would 
be  the  pulse,  becomes  a  mere  shock  travelling  with  vi;ry  gnml 
npidify.  The  width  of  the  tube  is  of  itiur-h  Ktss  inllucrict;,  though 
acoordioc  to  some  observers  the  wave  Irav«U  more  slowly  in  the 
wider  tuue^.- 

The  rate  nl  whi(?h  tlw  nortnal  pulse-wave  traveU  in  the  human 
body  has  been  vartiiu^ly  ei^tiniated  at  from  10  to  5  meters  per 
Bceond.  Ill  all  [irnbability  **■«  may  take  fi  meters  as  an  average 
nte;  but  it  muat  be  remembered  that  the  rate  may  vary  very 
considerably  under  different  conditions.  According  to  all  obscr%'en 
the  velocity  of  the  wave  in  passinR  from  the  groin  to  the  Umt  is 
pwnter  than  that  in  passing  from  the  axiUa  to  the  wrist  {6  m. 
against  5  ul).  This  is  probably  due  to  the  fact  that  the  fcuioml 
artery  with  ita  brsnchf«  is  more  rigid  than  the  axillary  and  its 
hnmches.  So.  also,  the  wave  tnivels  mort*  slowly  in  the  nrtpriea 
ot  children  than  in  the  more  rigid  arteries  of  the  adult.  The 
velocity  in  also  incren-sed  by  circumsunces  which  heigbw-n,  and 
tkcteaserf  by  ihate  which  lower  the  mean  arterial  pressure,  since 
witli  increa-ting  pressnre  the  arterial  walLi  become  more,  ami  with 
diminishing  preasuro  less  rigid.  Probably  also  the  voloeity  of  the 
pulse-wave  depends  on  conditions  of  the  arterial  walla,  which  we 
cannot  ade^juately  describe  as  mere  differences  in  rigidity.  In 
experimvuting  with  artificial  tubes  it  is  found  that  different 
qualities  of  imiin  rubber  give  rise  to  very  different  results. 

Care  must  be  lakitn  not  to  confound  the  progrcsji  of  the  pulse- 
wave,  i.e.  of  the  ejqtau.oion  of  the  nrU-rial  walls,  with  the  actual 
onward  movement  of  the  blooil  it!>elf.  The  pulse-wave  tnvels 
over  the  moving  blood  somewhat  as  a  rapidly  moving  natural 
wave  travels  along  a  sluggishly  flowing  river  Tliut*  while  Uie 
velocity  of  the  putso-wave  is  (>  or  possibly  even  10  meters  per  aec., 
that  of  tlve-cnnvDt  of  blood  is  not  more  than  half  a  meter  per  sec, 
even  in  the  large  arteries,  and  is  still  le^s  in  the  smaller  ones_ 
$  126.     Heferring  again   to  the  caution  given  above,  not  to 

Xrd  the  pul^-curvensa  picture  of  the  piilw-wave,  we.may  now 
that  the  pulse-wave  is  of  ven-  considembh-  length.  If  we  know 
how  long  it  ukes  f^tr  the  pulse-wavc  to  ]>n»w  over  any  point  in  the 
arteciea  anil  how  fa5t  it  is  travelling,  wo  can  easily  cAlciilate  the 
length  of  the  wave:.  In  an  ordinary  pulse-curve  tJie  artery,  owing  to 
the  slow  return,  is  seen  not  to  regain  the  ojilibre  which  it  had  before 
the  expansion,  until  just  as  the  next  expansion  Wgino,  that  is  to 
my,  th«  pube-vrare  takes  the  whole  time  of  a  cardiac  cycle,  viz. 
'f^*  tea.,  to  pass  by  the  lever.  Taking  the  velocity  of  the  pulsn'- 
wave  a.1  6  nveters  per  »ec-.  the  length  of  the  wave  will  be  ■^j'*"  *' 
6  m..  that  la,  nearly  5  in«t«R,     And  even  if  we  took  a  smaller 
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estimate,  by  supposing  that  the  real  expnnsion  and  return  of  the 
artery  at  any  point  toi>k  much  less  time,  say  .j^lh  sec.,  thi;  length 
of  the  piilse-wave  would  §tiU  be  more  than  2  meters.  But  even 
Id  tlic  tallest  man  the  capillaries  farthest  from  the  heart,  thiisv  in 
the  tipe  of  thu  t«es,  are  not  2  m.  distant  from  the  heart  In  other 
words,  th«  length  of  the  pulse-wave  is  much  greater  than  the 
wliole  length  of  the  nrtvriat  syet«in,  so  that  the  beginning  of 
each  wave  has  become  lo«t  in  the  small  arteries  and  capillaries 
some  time  liefore  the  end  of  it  has  finally  passed  away  from  the 
beginning;  of  the  aorta. 

We  must  now  rttturn  to  the  conaidemtioti  of  certain  special 
featunis  in  the  pulse,  which,  from  the  indications  they  give  or 
suggest  of  tlie  condition  of  the  viucular  system,  are  often  of  great 
interest. 

§  127.  Secondary  waves.  In  nearly  all  pulse  tracings,  the 
curve  of  the  expansion  and  recoil  of  the  sirtery  is  broken  by  two, 
three,  or  several  smnller  elevations  and  depressions :  secondary 
waves  are  im|>oscd  upon  the  fundinncntdl  or  primary  wave.  In 
the  aphygmographio  tracing  from  the  carotid.  Fig.  63,  and  in  many 
of  the  other  tracings  given,  tliesu  secondary  elevations  are  marked 


FiQ.  Its.    PiTLRK  TRAcnra  moM  c^Korm  x^tert  or  aRALrnr  mat*  (Modu). 

X.  cotomonrempiit  of  cxpiuiiuun  (J  iti"  ;irt<'ty.  .\.  ■nminit  of  Ihc  flrM  riiw.  C, 
flnolic  ■oouniliiry  won!,  li,  (jrwlii-rutii'  nwiiinlarv  ««*i; ;  y,  notch  pmi;w|[iig  lliis. 
n.  ■ucmnlini;  n-innilsn*  ware  't'liv  I'urtn aliovo  Ix  clint  of  ■  luoingfork  wtcli  Md 
doilbIl»  rtbnUiuD*  itj  u  suviki'I, 

as  B,  C,  D.  When  one  such  secondary  elevation  only  is  conspie- 
sous,  BO  that  th«  pulse-curve  presents  two  notable  crests  only, 
the  primary  cn.*^l  mid  a  secondary  one.  the  pulse  is  said  to  he 
"  dicrotic  " ;  wln;n  twu  secoiwiary  cre-sts  are  prominent,  the  pulse  is 
often  ca)le<l  "  Iricrotic  " ;  wlten  several, "  polycrotic."  As  a  general 
fule,  the  seconthiry  elevations  appear  only  on  the  descending  limb 
of  the  primary  wave  aa  in  most  of  the  curves  given,  and  the  curve 
is  then  spoken  of  as  "  katacrotic,"  Sometimes,  however,  the  first 
elevation  or  crest  is  not  the  highest,  but  appears  on  the  a-'cending 
portion  of  the  main  curve:  such  a  curve  is  !<pokenofas"  anacrotic" 
Fig.  64.  As  we  have  already  w;en  (§  116)  the  cun-e  of  pressure 
at  tb«  mot  of  the  aorta,  and,  indeed,  that  of  endocardiac  i)rc)S8ure 
may  be  in  like  manner  "anacrotic  "  (Figs.  53.  54). 
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Of  thefle  secondary  elevations,  tho  most  frequent,  coaspicuoas, 
and  itnfiortant  is  the  one  which   itpix^nrs 
some  way  down  on  the  de»oend)n^   limb,         b 
and  ia  lunrked  C  on  Fi^.  63  and  an  most       K^ 
of  tho  curves  here  given.     It  is  more  or  \c 

iesn  difltimHly  visible  on  alt  Aphrgniogmma, 
and  may  he  neeu  in  those  of  the  aurta 
as  well  as  of  other  arteries,  Sotnelimcs 
it  is  ao  slight  as  to  be  hardly  discvrnihle; 
flt  other  times  it  may  be  so  marked  us 
to  give  ri«!  to  H  really  doul>lu  puUe 
(Fi".  6S),  i.e.  a  pulse  which  can  be  felt 
as  aouhle  by  the  Hnger:  hence  it  ha.4  been 
called  tie  dicrotic  elevation  or  the  dicrotic  wave,  the  notch 
preceding  the  elevation  being  spokoo  of  aa  tJie  "  dicrotic  notch." 


\i 


F'lo.M    A7"»ciii>ti(-"riiTi>> 

MdUlltt'll    THAONU    KHOK 
TIIK     A  Hf  Kin  I  NO     AUHTA 

(Ai>oiirl»in), 


Fl«.   66.     Two  OKJkDES   or    MAHKKH    l>ICRI>1t»M    tH    KXDtAL   FDUB  UP  MAS. 

(Ttphifid  Ktfvor,) 

Xeitlicr  it  nor  any  other  secondary  elevation-i  can  bo  recognized 
in  tlie  tracings  of  blood  pressure  taken  with  a  mercury  manometer. 
This  may  be  explained,  as  we  have  said  §  121,  by  the  fact  that 
the  movement*  of  the  mercury  column  are  too  slnggiah  to  ri^pro- 
duce  these  finer  variationft.  Mon;ovcr,  when  the  normal  pulse 
is  felt  by  the  finftcr,  nnwt  jwrsons  find  themselves  unable  to  detect 
any  dicrotism-  But  that  it  <Io(t.-«  rvally  vxi»t  in  the  normal  pulse 
is  shewn  by  the  fact  tliat  it  appenrs.  sometimes  to  a  marked 
ext«nt,  Konictinies  to  a  less  extent,  not  only  in  sphygmo<;mms  and 
in  curves  of  arterial  pressure  taken  by  adequate  instrument*,  but 
also  and  in  a  most  unmistakeable  manner  in  the  tracing  obtained 
by  allowing  ttie  blood  to  spirt  directly  from  an  opened  small 
artery,  such  as  thy  dor^ialis  podia,  upon  a  recordinc  surface. 

Less  constAul  nii<l  conspicuous  than  the  dicrotic  wave,  but  yet 
appearing  in  most  sphygmngrumr),  is  an  elevation  which  appears 
higher  up  on  the  de3C«nding  limb  of  the,  main  wave ;  it  is  marked 
B  in  Fig.  68.  and  on  several  of  the  other  curves,  aud  is  frc»]uontly 
called  the /inrrfifrofte  wave;  it  may  become  very  ])romineut.  Some- 
tinea  other  secondary  waved,  often  called  '  post-ilicrotic,*  are  seen 
following  the  dicrotic  wave,  as  at.  I)  in  Fig.  63,  and  some  other 
curves ;  out  these  are  not  often  present,  and  usually  even  when 
pnaent  inconspicuous. 

When  tracings  are  taken  from  several  arteries,  or  from  the  same 
artery  undur  diir<-n>nt  conditions  of  the  body.  the«e  secondary 
WkTM  are  found  to  vary  very  considerably,  giving  rise  to  maay 
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(^lanctATutic  forms  of  palse^orve.  Were  we  able  with  certainty 
t^nce  bftck  Uie  several  feattin^t  of  the  curves  lo  tkvir  n-spectiva 
cRS^,  au  adequate  examination  of  sphygwograpliic  trncinga 
would  undoabtedly  disclose  much  valuable  in(onuation  couceruing 
the  condition  of  the  body  presenting  tbem.  The  problems,  how- 
eyer,  of  the  ori^n  of  thoa«  secondary  waves  and  of  their  vamUons 
arc  complex  and  difficult;  so  much  so  that  the  detailed  interpre- 
tation of  u  spliygutognpbic  tncing  13  sUll  in  many  cases  and  in 
nutny  mspecls  veiy  uncertain. 

§  128.  TH  IMerolie  IKntv.  The  chief  interert  attaches  to 
the  nature  and  meaning  of  tlie  dicrotic  vrave.  In  guuvral  the 
main  conditions  favouring  the  dicrotic  wave  are  (1)  a  highly 
extensible  aod  elastic  aiterial  vail ;  (2)  a  comparatively  low  mean 
pieesaro,  leaving  the  extensible  and  euistic  reaction  of  the  arterial 
wall  free  scope  to  act ;  and  (3)  a  vigorous  and  ni])id  stroke  of  the 
ventricle,  discharging  into  the  aorta  a  considcmblc  quantity  of 
blood. 

The  origin  of  this  dicrotic  vave  has  been  and  indeed  still  is 
much  diKpiiU'd. 

In  tlje  first  place,  observers  are  not  agreed  an  to  the  part  ot 
the  arterial  system  in  which  it  first  muies  its  appearance.  In 
such  a  system  as  that  of  the  arteties  we  have  to  deal  with  two 
kinds  of  waves.  There  are  the  waves  which  arc  generated  at  the 
pump,  the  heart,  and  travel  thenice  onwarda  towards  the  ])criphery ; 
the  primur}'  pulsc-wnvc  due  to  tht;  discharge  of  the  couteots  of 
t\w  vcntricio  is  of  this  kind.  Hut  there  may  be  other  n-aves. 
which,  atarted  somewhere  in  the  periphery,  travel  backwards 
towards  the  central  pump;  such  are  what  are  called  *  rejected' 
waves.  For  instance,  when  the  tube  of  the  artificial  model,  bear- 
ing two  levers,  is  blocked  just  beyond  the  far  lever,  the  primary 
wave  is  seen  to  be  accompftnied  by  a  second  wave,  which  at  the 
far  lever  is  seen  close  tu,  and  oftori  fused  into,  the  primary  wave 
(Fig.  59.  VI.  «').  but  at  the  near  lever  is  at  some  dislancv  from  it 
(Fig.  59, 1,  a'),  being  iJic  farther  from  it  the  longer  the  interval 
between  tlw  lever  and  the  block  in  the  tube.  The  second  wave  is 
evidently  the  primary  wave  reflected  at  the  block  and  travelling 
backwanU  towards  the  pump.  It  thus,  of  course,  pnsses  the  far 
lever  before  the  near  one.  And  it  has  been  nrgucd  that  the 
dicrotic  wave  of  the  pulse  is  really  such  a  n^flucted  wave,  started 
either  at  the  minute  nrtcrics  and  capillaries,  or  at  the  several 
points  of  bifurratioii  of  tlie  arteries,  and  travelling  backwards  to 
the  aorta.  But  if  this  were  the  case  the  distance  between  the 
pnnuiry  cr^st  and  the  dicrotic  crest  ought  to  be  less  in  arteries 
more  distant  front,  than  in  those  nearer  to  the  heart,  just  as  in 
the  artificial  scheme  the  reflected  wave  is  fused  with  a  primary 
wave  near  the  block  (Fig.  59,  VI.  6  a.  a'),  but  bi;comcs  mot«  and 
more  separated  from  it  the  farther  back  towards  the  pump  we  trace 
it  (Fig.  59,  I.  1.  A.  a').    Now  this  is  not  the  case  with  the  dicrotic 
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wave ;  careful  roeajinroinent«  shew  thot  the  distance  between 
the  primary  and  dicrotic  cresta  is  eitlier  the  name  or  certainly  not 
lees  ID  the  smaller  or  more  <Ufltant  aiterie-i  than  in  the  largi?r  nr 
Dearer  ones.  This  feature  indeed  proves  that  the  dicrotic  wave 
cannot  be  dne  to  retk>ction  at  the  periphery  or  indeed  in  any  way 
a  Tetrognuk-  wnvu.  Ik-iides  the  multitudinous  ]K.'ripht'ral  division 
would  probably  render  onv  lar;^  pt^ripherically  reflected  wave  im- 
poAsihle.  Aj^ain,  the  more  rapidly  the  primary  wHve  is  oblite- 
rated or  at  least  diminished  on  it«  way  to  the  periphery  l\w  lefs 
oonspicuou!)  should  \>e  the  dicrotic  wave.  Hencj!  iiicreasod  ex- 
tensibility and  increased  elastic  reaction  o[  the  arterial  walls 
which  tend  to  use  up  nipidly  the  primary  wnve.  should  also  Xesaea 
tlw  dicrotic  wave.  But  as  a  matter  of  fact  thi-'se  conditions,  as  wa 
have  Kaid,  are  favourable  to  the  prominetice  of  the  dicrotic  wava 

Wfl  may  conclude  then  that  tJie  dicrotic  wave  like  the  primary 
wave  begius  at  the  heart,  and  travels  thence  townrdK  the  jioriphcTy. 
But  even  if  this  be  admitted  obsvrvt/rs  an.^  not  agret^d  as  to  the 
mechanism  of  H»  production.  The  following  view  is  the  one 
which  seems  the  most  satisfactory,  though  it  is  not  accepted 
by  all  inquirers. 

The  simultaneous  curves  of  endocardiac  and  aortic  pressure 
(Fig.  M  and  others)  shew  ua  that  the  dicrotic  notch  as  it  is  called, 
the  di-prcBAioD  immediately  precediufr  the  dicrotic  wave  itt.  in  a 
normal  It-nt,  coincident  with  the  end  of  the  systfde.  Tlie  curve 
of  the  dilferuntiid  manometvr  further  tfhews  u«  that  thi»  is  the 
point  at  which  tlie  pnwsunt  in  the  ventricle  l)egiiis  to  become  les.* 
titan  in  the  aorta  We  may  therefore  reason  in  the  following 
way.  The  Row  from  the  ventricle  into  the  aorta  ceaae.4  because 
the  sy.'itole  coaaes ;  the  cessation  takes  place  while  the  two  cavi- 
ties are  still  open  to  each  other,  an<l  probably,  in  most  cases  at 
least,  while  there  is  still  more  or  hi^  hWid  in  the  ventricle.  The 
preesure  in  tlie  ventricle  tends  to  bi'Ci^mL-  less  tlinn  that  in  thi-aorlo. 
and  the  blood  in  the  uortn  lends  to  flow  hark  into  the  ventricle. 
But  the  rin>t  eflect  of  this  is  to  clrise  firmly  the  setnilunnr  valves. 
Tlie  ex{ian8)<>it  of  the  aorUa,  (which  in  many  ca.*e»  had  been  lessen- 
ing even  during  the  «ypilol«  owing  to  the  flow  thmu^di  the  periphery 
of  the  arterial  system  being  more  rapid  than  the  How  from  the 
ventricle,  but  in  some  cases,  in  the  anacrotic  instances,  had  not,) 
kaaeoa  with  the  cessation  of  the  flow;  the  aorta  shrinks,  press- 
ing upon  ita  contents,  Itut  part  of  this  pressure  is  spent  on  the 
ch»«d  semilunar  ^nlvos,  and  the  resistance  ufTcred  by  these  starts 
a  new  wave  of  expansion,  the  dicrotic  wave,  which  travels  thence 
onwards  toward.^  the  periphery  in  i)i<>  wnke  of  the  primary  wara 
If  we  adroit  that  the  blod  is  tlowing  from  the  ventricle  during 
the  whole  of  the  systole,  we  must  also  admit  that  the  senulunar 
valves  do  not  close  until  the  end  of  the  systjile.  and  this  being,  aa 
shown  by  the  curvea.  jnst  antecedent  to  the  dicrotic  wave,  we  may 
attribute  this  wave  to  the  rebound  from  the  closed  valves.     It  is 
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not  uecesoary  that  the  valvas  should  act  perfectly,  and  the  dicrotic 
wave  may  wrctir  in  cases  where  the  vulves  are  more  or  less  in- 
compelt'tit ;  all  tbut  is  required  (or  itj<  produclioii  is  au  adequiite 
obHtticle  to  llic  return  of  hlood  from  the  aorta  to  the  veutricle, 
aud  without  such  au  obstacle  the  circulation  could  not  be  carried 
oil. 

§  129.  Moreover  it  must  be  remembered  that  though  we  may 
thus  regard  the  closed  valves  as  so  to  speiik  the  determiuing  cause 
of  the  dicrotic  vrave,the  wave  itself  is  nu  oscillation  of  thv  art«ria1 
walls,  and  the  remarks  made  u  little  while  hack  eonccrniu^j  the 
inertia  of  the  walls  hold  ^ood  for  this  exidanalioii  aNu.  Henct: 
the  conditions  which  dcterriiiue  the  {irominence  or  otherwise  of 
the  dicrotic  wave  are  coiidilioiis  n-lating  to  the  elasticity  of  the 
arlerial  wallj*,  and  to  the  circumstances  which  call  that  elasticity 
into  phiy.  For  instance,  the  dicrotic  wave  is  less  marked  in  rijiiid 
arteries  (such  as  those  of  old  people)  than  in  healthy  elastic  ones ; 
the  rigid  wall  neither  expands  so  readily  nor  shrinks  so  r«adily, 
and  hence  does  not  so  readily  give  rise  to  secondary  waves.  Again, 
the  dicrotic  wave  is.  other  things  being  er]ua],  more  uinrkcd  when 
the  mciin  urttrrial  pressure  is  low  than  whuii  it  is  high  ;  ind<-ed  it 
may  be  induced  when  al«ent,  or  increased  when  slightly  marked, 
by  dimiiti-shing,  in  ime  way  or  another,  the  mean  pressure.  Now 
when  the  pressure  is  high,  the  arteries  are  kejit  continually  much 
expanded,  aud  are  therefore  the  less  capable  of  further  expansion, 
that  is  to  say,  are,  so  far,  more  rigid.  Hence  the  additional 
expansion  due  to  the  systole  is  not  very  great;  there  is  a  less 
tendency  for  the  arterial  walls  to  swing  backwards  and  forwards, 
so  bo  speak,  and  hence  a  less  tcndoiicy  to  the  development  of 
secondary  waves.  When  the  mean  pressure  is  low,  the  opposite 
stule  of  things  exists ;  sup)iosiiig  of  course  that  the  venlricuhir 
stroke  is  adeipiately  vigorous  (the  low  pressure  bi>ing  due,  not 
to  a  diminished  cardiac  stroke  but  to  diminished  peripheral 
resistance)  the  relatively  empty  but  highly  distensible  artery 
is  rapidly  expanded,  and  falling  rapidly  back  enters  upon  a 
BOcondary  (dicrotic)  expansion,  and  nmy  oven  exhibit  a  third. 

Moreover  the  same  principles  may  Ic  applied  to  explain  why 
sometime)  dicrotism  will  appi-ar  marked  in  a  particular  artery 
while  it  remains  little  marked  in  the  rest  of  the  sys^'m.  In 
experimenting  with  an  artihoial  tubing  such  as  the  arlrrial  model, 
the  physical  characters  of  which  remain  the  .'came  throughout, 
both  the  primary  and  the  secondary  waves  retain  the  same 
chamcters  aa  they  travel  along  the  tubing  sal's  only  that  both 
gradually  diminish  towards  the  periphery;  and  in  the  natural 
circulation,  when  the  vascular  conditions  are  fairly  uniform 
throughout,  the  jiulso-curve,  ii»  a  rule,  possesses  the  same  general 
characters  throughout,  save  that  it  i«  gradually  'danip<Ml  off.' 
Hut  suppose  we  were  to  substitute  for  the  first  section  of  the 
tuUng  a  piece  oE  perfectly  rigid  tubing ,  this  at  the  stroke  of  Uie 
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pump  on  aocniint  of  iU  being  ri^A  would  shew  neither  priruaij 
DOT  aecondaTT  expansion,  but  the  expanding  force  of  the  pump's 
stroke  would  be  transmitted  through  it  to  the  second,  elsKlic 
section,  and  here  thu  primary  and  secoudar>'  waves  would  at  oiic« 
become  evident.  This  is  an  extreme  case,  but  thf  same  thing 
would  be  seen  u>  a  K-sh  de^^ree  in  passing  frrtm  u  more  rigid,  that 
b  lesa  extensible  and  elastic  section,  to  a  lusa  rigid,  moTQ  exten- 
aiblo  aud  elastic  section  ;  tht;  ])riuiary  and  st^couaanF'  expansions, 
in  spite  of  the  general  damping  effect,  would  suddenly  increase. 
Similarly  in  the  living  body  a  pube-curve  which  ko  long  tts  it  i* 
tm%'elling  along  arteries  in  which  the  mean  pres<tuie  is  high,  and 
which  are  therefor*?  practically  somewhat  rigid,  is  not  markedly 
dicrotic,  may  bt-come  very  markedly  dicrotic  when  it  comes  to  a 
particular  artery,  in  which  the  mean  pressure  is  low  (we  shall  aee 
pRsently  that  such  a  ai«e  may  occur),  and  the  walls  of  which 
■re  iherefurc  fur  the  lime  being  relatively  more  distensible  than 
tlio  ivst. 

I^itlr  we  may  THcall  the  oliservnlion  made  above  §  123  that 
the  cur\'e  of  expansion  of  an  elastic  tube  is  niodilied  by  the  I'res* 
BTire  exerted  by  the  lever  employed  to  record  it,  and  that  htnce, 
in  the  same  artery,  and  with  the  same  instrument,  the  size,  form, 
and  even  the  special  features  of  the  curve  vary  according  to  the 
amount  of  pressure  with  which  the  Icvcr  is  pressed  upon  the 
artery.  Accordingly  the  amount  of  dicroltsm  apparent  in  n  pulse 
may  M  mi>dilicd  by  the  pres!>uie  exerted  by  the  lever.  In  fig.  61 
fur  iostancv  the  diiTotic  wave  is  more  evident  in  the  middle  than 
b  the  upper  tracing. 

§  130.  Concerning  the  other  xecondary  waves  on  the  pubie-curve 
such  M  that  which  has  been  called  the '  predlcrotic '  wave  (Jf  on  Fig. 
68  and  on  some  of  the  other  pulse-curves)  it  will  not  be  d&iirable 
to  say  much  here.  They  have  been  the  occasion  of  much  rliscus- 
fiion,  especially  when  considered  under  the  view  Uiut  the  ventricle 
rapidly  emptied  itself  at  the  enrlicr  pikrt  of  the  systole.  Wc  will 
content  ountdvcs  with  the  folhiuiiig  i«iunrk.  The  predicrotic 
and  the  otlier  secondary  waves  in  tpiestion  are,  like  the  dicmlic 
wave,  propagated  from  tlie  heart  towards  the  periphery,  they  are 
Seen  in  sphygniograms  taken  from  the  root  of  the  aorta  as  well  att 
from  more  peripheral  arteriea,  and  some  are  also  seen  in  the  curves 
of  ^'entricular  pressuie.  Some  of  the  features  of  these  secondary 
warea  mav  be  due  to  imperfections  in  the  instruments  used,  to 
inertia  anj  the  like,  but  the  main  features  undoubtedly  represent 
events  taking  place  in  the  vascular  system  itself.  \Vlien  we  com* 
pare  tlic  cune  of  pressure  in  the  aorta  with  that  in  the  ventricle, 
we  <il>«irr%'i!  that  up  to  the  dicrotic  not«h,  (in  what  may  be  called 
the  systolic  jwrt  of  the  pulse-curve,  the  jmrl  wliich  corresponds  to 
the  aystole  of  the  ventricle,  In  contm-st  to  the  dioiitolic  part  which 
follows  and  which  includes  the  dicrotic  wave),  the  variations  seen 
in  the  aortic  cur>-e,  the  secondary  waves  of  which  we  are  speaking. 
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are  exactly  reprodnced  in  the  ventricular  cnr^'e.  And  it  has,  with 
consiilemhle  ruason,  been  iir^  that  both  in  the  aorta  (and  so  in  the 
other  art«rius}  and  in  thu  vvutricle  they  aru  duu  to  events  taking 
plai>;  in  tJm  veniricK-,  tli«  systulu  for  tnstancv  not  btnug  i^ually 
sasUkiimii. 

We  may  further  call  oiice  to  mind  Ihe  fact  to  which  we  have 
already  called  atleiitioii  that,  while  sometimes  the  curve  of  ven* 
triciilar  presAUre  reaches  its  maximum  at  the  very  beginning  of 
the  systole,  declining  more  or  less  slowly  afterwards,  at  other  tiniea 
the  maximum  is  reached  at  the  end  of  the  systole,  the  cur\-e  of 
pressun;  being  anacrotic;  we  uiny  iidcl  that  the  maxinium  may 
a]9o  occur  nt  any  intermt-diati!  fH>inL  Further,  and  this  is  tl>e 
matter  to  which  we  wish  to  cidl  all(.-iition,  the  curve  of  aortic 
pressure  follows  that  of  the  veiilriuiilar  jirewure,  both  being  kata- 
croUc  or  anacrotic  as  the  case  may  he.  As  we  have  urged,  the 
anacrotic  curve  is  seen  whi^n  tlie  [miipheral  resistanee  is  such  that, 
for  some  time  during  the  systole,  itie  How  from  the  aorta  towaids 
the  periphery  is  slower  tlian  the  flow  from  the  ventricle  into  the 
aorta.  Such  a  condition  is  apt  to  be  met  with  when  the  arteries 
an.'  more  rigid  than  normal,  and  under  these  ciivumslancus  tlie 
anocmttc  characters  of  the  pulse  may  become  prominent. 

§  131.  Venotu  PuUf.  Under  c^Ttaiii  circnmstano&s  the  pulse 
may  be  carried  on  fnim  the  arteries  through  the  capillaries  into  the 
veins.  Thus,  as  we  shall  see  later  on,  when  the  salivary  gland  is 
actively  secreting,  the  blood  may  issue  from  the  gland  through  the 
veins  in  a  rapid  pulsating  stream.  The  nervous  events  which  give 
rise  to  the  secrtilion  of  saliva,  lead  at  the  same  time,  by  the  agency 
of  vaso-motor  ners'es,  of  which  wo  shall  presently  speak,  to  a  widen- 
ing of  the  small  arteries  of  the  gland.  When  the  gland  is  at  rest, 
the  minute  nrUrries  are,  a»  we  shall  see,  somewhat  constricU'd  and 
narrowed,  and  thus  contribute  largely  to  the  periplu-rul  resistance 
in  the  part;  this  peripheral  resistance  throws  into  action  the 
elastic  properties  of  the  small  arteriej*  Ir-adiiiji  to  the  gland,  and 
the  remuaiit  of  ihL-  pulse  reaching  thev  arteries  is,  aa  we  before 
expUined,  finally  d<»troyed.  When  the  miiinte  arteries  are  dilated, 
their  widened  channels  allow  the  blood  to  flow  more  easily  through 
tliL-tn  and  with  less  friction ;  the  peripheral  resistance  which  they 
normally  olTer  is  thus  lessened.  In  consequence  of  this  the  elasti- 
city of  Che  wails  of  the  small  arteries  is  brought  into  play  to  a 
lass  extent  than  before,  and  these  small  arteries  owwe  to  do  their 
share  in  destroying  the  puLw  w  hich  come*  down  to  them  from  the 
larger  arteries.  As  in  the  case  of  the  artiRctal  motlel,  where  the 
'  peripheral '  tubing  is  kept  open,  not  enough  elasticity  is  brought 
into  play  to  convert  the  intermittent  arterial  flow  into  a  con- 
tinuous one.  and  the  pulse  which  reaches  the  arteries  of  the  gland 
passes  on  through  tbem  and  through  the  capillaries,  and  is  con- 
tinued on  into  the  veiu&  A  similar  vouous  pulse  is  also  some* 
tiniea  seen  in  other  oi:gan8. 
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Careful  tracings  of  the  great  veins  in  the  neighbourhood  of  the 
heart  shew  elevations  and  depressions,  which  appear  due  to  the 
variatiuns  of  endocardiac  pressure,  and  which  may '  perhaps  be 
spoken  of  as  constituting  a  '  venous  pulse,'  though  they  have 
a  quite  dili'erent  origin  from  the  venous  pulse  just  described 
in  the  salivary  gland.  In  such  a  pulse  it  is  the  depression  of 
the  wave,  not  the  elevation,  which  corresponds  to  the  systole 
of  the  ventricle,  the  pulse-wave  is  the  negative  of  the  arterial 
pulse-wave;  the  matter  however  needs  furtiier  study.  In  cases 
again  of  insufficiency  of  the  tricuspid  valves,  the  systole  of  the 
veutricle  makes  itself  distinctly  felt  in  the  great  veins ;  and  an 
expansion  travelling  backwards  from  the  heart  becomes  very 
visible  in  the  veins  of  the  neck.  This,  in  which  the  elevation  of 
tbe  wave  like  tliat  of  the  arterial  pulse-wave  corresponds  to  the 
ventricular  systole,  is  also  spoken  of  as  a  venous  pulse. 

Variations  of  pressure  in  the  great  veins  due  to  the  respiratory 
movements  are  also  sometimes  spoken  of  as  a  venous  pulse  ;  the 
nature  of  these  variations  will  be  explained  in  treating  of  respi- 
ration. 


SEC.  5.    THE  REGULATION   AND   ADAPTATION  OF 
THE  VASCULAR  MECHANISM. 


The  lUgulat'wn  of  the  Beat  of  the  Heart. 

§  132.  So  far  the  facta  with  wliich  we  have  Iiad  to  deal, 
with  the  exception  of  the  heart's  boat  itself,  hiive  been  simply 
physical  facta.  All  the  I'aseiitial  phcnoincntt  which  wc  have 
studied  may  be  reproduced  ou  ;i  dead  modtl  Such  an  uuvary- 
ing  mecliwiical  vascular  H}'8tciii  would  howt-ver  be  useless  t.o  a 
living  body  whose  acttuus  were  at  nil  cvniplicatcd.  The  promi- 
nent fenture  of  a  living  uii;C'lmnigiii  is  the  puwor  of  adnpLing  itself 
to  chnngcs  in  its  internal  and  i.*xti;rnal  circuuifttaiici:'^.  And  the 
vascular  uechanisni  in  all  auiiuals  in  which  it  is  present  is  cajmble 
of  local  and  general  moditi cations,  adaptinft  it  to  Iwal  and  general 
changes  of  circumstance.  The-te  mo<litlcationB  fall  into  two  great 
clas.'ws : 

1.  Changes  in  the  heart's  bent.  These,  being  central,  have  of 
eourse  a  general  effect;  they  influence  or  may  influence  the  whole 
body. 

2.  Cliangfs  in  the  peripheral  resistance,  iliie  to  variations  in 
the  calibre  of  the  minute  arteries,  brought  about  by  the  agency  of 
their  contractile  ninscular  coats.  These  changes  may  lie  either 
local,  affecting  a  particular  va-scular  area  only,  or  general,  aifecting 
all  or  nearly  all  the  blood  vessels  o[  the  body. 

Those  two  classes  of  events  are  chieHy  governed  by  the 
nervous  system.  It  is  by  means  of  the  nervous  system  that  the 
heart's  beat  and  the  calibre  ol  the  minute  arteries  are  brought 
into  relation  with  e^ich  other,  and  with  almost  every  part  of  the 
.body.  It  \i  by  means  uf  the  nervous  system  acting  either  on 
the  heart,  or  on  the  small  arteries,  or  on  both,  that  a  change  of 
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circiimstaDces  afTecting  either  the  whole  or  a  pArt  of  tlio  body  is 
met  by  compensating  or  re;^ulalive  changes  in  the  flow  of  blood. 
Tlie  study  of  these  changes  becomes  therefore  to  a  large  extent 
a  study  of  nervous  actions. 

The  circulatiuu  may  also  be  modified  by  events  not  belonging 
to  eithor  of  the  iibovu  two  classes.  Thus,  in  this  or  that  ^leripheral 
aivi,  chuDgi»)  ill  ttm  capillary  wallx  and  thu  walls  of  the  minutt- 
ortx^ritM  and  veins  may  lend  tonu  increa^ii  of  the  t^indciicy  uf  the 
blood  €>>r|iuscles  to  adhere  to  the  vascular  walls,  and  so,  quite 
apart  from  any  change  in  the  calibre  of  tlie  blood  vosseU,  may 
lead  %o  increase  of  the  peripheral  renistaiice.  This  is  »eeit  in  an 
extreme  case  in  inflammation,  but  may  possibly  intervene  to  a  less 
extent  in  the  ordinary  condition  of  the  circulation,  and  may  also 
be  under  tht>  intlutjucL-  of  tijo  nervous  system.  Fiirlhcr.  any 
liec-idtid  chauHu  in  the  quantity  of  blood  actually  in  circuliition 
most  also  influunce  thi!  working  of  tlie  vascular  mechanism.  But 
both  these  chiingus  «re  uniiuporUuit  compared  with  thu  other  two 
kinds  of  changes.  Hcnoc,  the  two  most  important  problems  for 
us  to  study  mn,  1,  bow  the  uervuus  syi^lvm  regulates  the  1>eat  of 
the  heart,  and  2,  how  the  nervoust  system  r«guJates  the  calibre  of 
the  blood  vessels.     We  will  first  consider  the  fonner  problem. 


I%t  DevelapiMnt  of  the  Ifarmat  Beat 

§  133.    The  heart  of  a  miimmal  or  of  a  warm  blooded  animal 

gnemlly  ceases  to  beat  within  a  few  minutt^^s  aft<.«r  being  removed 
>m  the  body  in  Ibe  ordinary  way,  ttiv  hearts  of  newly-bont 
animals  continuing  however  to  beat  for  a  longer  time  than  those 
of  adalta.  Hence,  though  by  si>ecial  precautions  and  by  mt-au.t  of 
an  artificial  circulation  of  blood,  an  isolated  mammaliau  heart  may 
lie  prvsorved  In  ft  pulaatinft  condition  for  a  much  longer  time,  our 
knowledge  of  the  exact  nature  and  of  the  causes  of  the  cardiac 
beat  is  as  yet  very  largely  based  on  the  study  of  the  bearta  of 
oold  blooded  animals,  which  will  continuo  to  beat  for  hours,  or 
under  favourable  circumstauc4;A  uvcn  for  days,  after  thvy  have 
been  removed  from  the  body  with  only  ordinary  care.  We  have 
reason  to  think  thnt  the  mechnnisin  by  which  tlio  beat  i»  carried 
on  varies  in  some  of  its  ^et^nudary  fi-aturi's  in  different  kinds  of 
animals:  that  the  hii^arts,  for  inM^nce,  of  the  eel,  the  snake,  the 
tnrt^itst!  and  the  frog,  differ  in  some  minor  details  of  behaviour, 
both  from  each  other  and  fromthoseof  the  bird  and  of  the  mammal; 
but  we  may.  at  first  at  all  events,  take  the  heart  of  the  frog  na 
tlluatrating  the  main  and  important  truths  concemiog  the  cau8«a 
and  mechanism  of  the  beat. 
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lu  sludyiug  vIum:]}-  tlio  ptianotnena  of  tlio  boat  of  llio  bmrt  it  bocomoa 
ntuettarjr  tu  obbuii  n  grn])hic  record  of  tfao  various  ruovonienU. 

1.  In  the  fri'H.  orolljercoM  Uoodetl  animal,"  lijsljt  lever  may  bo 
plflci!d  ilircullj-  oil  til'-  veiilricle  (or  on  an  auricle,  &c.).  nnd  uhaiig«B  of 
furm,  duL-  oitlicr  to  diBt«nsii))i  by  llm  inUnx  of  bloixl,  or  lo  the  eyslolf, 
will  cnanfl  movniionts  of  llio  li-vcr,  wliii;l]  may  \m  rcwordvd  on  •  tnv«1> 
ling  Miiiiico.  Tlio  Haiiie  ntelliud  lu  vro  liuvo  awii  umy  bu  a]i[ili«d  to  tha 
tn^aiiDivtiau  he«rt. 

S.  Or,  ftB  in  Caskell's  method,  the  heart  may  be  fixed  by  b  clamp 
CftnfttQjr  ftdjushid  round  the  aiiriculn-ventncukr  groove,  while  the  a]«x 
of  iht  TmtHcle  Wid  some  portion  of  owe  auricle  arv>  ultached  by  thrertdn 
t«  hiirix^jnlnl  luvfrs,  pln«-d  ivsiwi^lively  abuvi^  and  Iwluw  the  heart, 
Tlie  auricle  and  the  veiitrifle  i-iU'li  in  ita  Ky.itoK-  iiiiHb  at  tliu  levpr 
•Itanhcil  ti  it ;  and  thn  linx'.t  nnd  i<xletit  of  lh«  contractions  may  Ibus 
be  ruconlod.  (>r  the  lhr<:ntl  may  Iw  nltuRhiHl  In  llm  njmx  of  the  ven- 
tricle Duly,  the  heart  being  lixml  by  the  nortn  or  Uitt  in  pwition  in  tbo 
body. 

3.  A  rcooni  of  cndo-carilian  prawure  may  ho  taken  in  the  frojior 
tnrtoins  aa  in  tlm  mnmnial,  by  monna  of  nn  n;>|)n>priRtn  iniinomi.-tiir. 
Ami  in  thiise  animal'.,  at  nil  nvcnti,  it  is  easy  to  Itcpp  np  nn  nrtificiat 
circulntiiia.  A  cannula  ia  inlmdiinwi  into  Iho  sinus  vonosna,  nml  anolhor 
iuto  the  ventricle  through  the  aurtA.  t>crum  or  dilutu  blood  (or  any 
other  fluid  which  it  may  be  dosirud  to  employ)  is  driven  hy  moderalia 

Ereosurc  through  the  former ;  ti>  the  latter  is  allache'l  a  tube  conitecte*! 
y  iDvana  of  a  side  pieue  with  a  small  iiier<.'ury  or  oihc-r  niuiiomi^tcr.  So 
loiig  ns  the  exit-tubu  ia  opuu  at  tho  end,  fluid  flowa  frc<.-ly  tbn>ngh  Uio 
hurt  and  apparatus.  L']n>n  closing  the  i-xit-tubu  at  iU  far  end,  thn 
farc0  of  tho  v«ntricuinr  syatole  is  bnni^lil  to  bi^ar  on  thci  mnnnmt-tcr, 
tbe  index  of  which  rvgisttra  in  the  ttsnal  way.  Nnwcll  Martin  has 
sncceeded  in  applying  a  modilicAtion  of  this  method  to 
tia»  manunalian  heart. 

4.  Tba  movements  of  the  Tentriclo  may  he  regi»- 
tared  by  iulrodoeing  into  it.  through  the  auriciilo- 
T*ntnoulnr  orifice,  a  !io*<alled  *  perfuaiou '  taumda,  Fig*, 
66  and  1)7  I.,  with  •  double  tube,  one  insidu  the  olh'T, 
and  tying  thn  ventnclQ  on  to  thu  cannula  nt  the 
■uricn  I ()•  ventricular  itroove,  or  at  aiiy  levtil  below  that 
which  may  \to  duaimd.  Thu  blood  or  ottiM-  lliiid  ia 
driven  nt  an  ndnquatc  ])n!Hnre  through  the  tiibf  a, 
enters  the  ventriclo,  nnd  mtums  by  lh«  tulm  ft.  If  6 
bo  connected  with  a  niaiiomKt>'r,  us  in  method  3,  thu 
tnovemeota  of  the  ventricle  may  ho  regiatereU.  jr,„_  ^    j^  p,^ 

rusioN  Cakkvla. 

5.  In  the  apparatus  of  lioy.  rig.  67  IT.,  the  exit- 

tab*  in 'five,  but  the  ventricle  (the  saniu  method  may  l>e  ndopt^'d  for  tho 
whole  heart)  ia  placed  in  an  air-tight  chamber,  filtrd  with  oil,  or  jiartly 
wtli  norma]  saline  solution  and  partly  with  oil.  Hy  ninans  of  tho  tube 
h  tho  interior  of  the  ehumbi-rn  is  cuntinuou*  with  tbnt  of  a  small  cylinder 
e,  JD  which  a  piston  d,  secured  by  thin,  dcxiblo,  animal  membrane,  work* 
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np  and  down.  The  pisUio  again  bean  ud  a  lever  t  by  means  of  which 
ilfl  BOVtnneiiU  way  bo  nigintem).  Wlinn  t)io  vRntricle  contracts,  and 
hf  eoolnctiiig  diiainiBbiM  in  voIiirk',  tliorc  is  a  lessening  of  pressun  in 
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L  PcrfnirioD  rtJiimU  K\*A  into  fiuc'ii  veiitrlrl«.  a,  «ulniii:fl,t,  exit-tube ;  a.  wall 
of  rmtrirtr:  0.  ligatonk 

IL  Men'*  kpparaiiu  modiflod  bj  nwVrIL  a.  ihaiiiber  (ilk>i:t  wilh  uiIiDe  wiliitioD 
and  (nl,  ounMiiiiiia  tlw  icntriclc  atiod  ou  to  ih«  T'ri>li»i>iii  cmiuiilu/:  6.  tubu  ivwling 
V>  rjlindtr  c.  lu  wblch  taovu  piiton  d.  woiliiutt  thn  lever  r. 

Um)  tnlorior  of  the  chamber  ;  this  is  traueuiitted  to  the  cylinder,  and 
tJie  pinion  cun«Bi>otidingly  rises,  cniryiug  with  it  lh«  Icvnr.  As  the 
vrtitrida  nuWijui'tilly  becotiiea  iliiit<.-ii(Jed,  the  (iroKcuro  in  tbp  chamber 
it  inctMtccd,  1111(1  the  jiintun  unci  levur  Miik.  In  this  way  variations  in 
U»  volume  nf  the  vcntHclu  may  bti  rcToriivd,  without  any  grast  int«^ 
fennce  with  the  flow  of  blood  or  fluid  through  it. 

The  hvart  of  Lli«  fro)^,  att  we  hiivc  jnst  sni<],  will  continue  to 
bent  (or  houm  after  removal  from  the  body,  even  though  W\v  cavi- 
ties have  boon  cleared  of  blood,  and.  indeed,  when  they  an>  ulmoat 
empty  of  all  flnid.  The  beats  thus  carried  out  are  in  all  inipnrt- 
ant  respects  identical  with  the  bcots  executed  by  the  heart  in  ita 
normal  condition  within  the  livinj;  body.  Ilence  we  may  infer 
that  the  beat  of  the  heart  iH  an  antomntic  action :  the  mu^-ular 
contractions  which  conHtittilc  the  heat  are  due  to  cauecs  which 
arise  epontnneonsly  in  Uiv  heart  )t»elf. 

In  the  frog's  heart,  as  in  that  of  the  mamma],  S  108,  there  is  a 
distinct  sequence  of  events  which  is  the  same  whetlier  the  heiirt  be 
mnoved  from,  or  be  still  in  its  nonnni  condition  within  llie  body. 
First  comt-H  tho  best  of  the  sinus  venosus.  preceded  by  a  more  or 
Iww  perintaltic  contraction  of  the  Lirge  vi-ins  leading  into  it ;  next 
follows  the  sharp  lioat  of  tlie  two  nnrii-lc^'  tojjeiher ;  then  comes  the 
longer  beat  of  the  ventricle;  and  lastly  the  cycle  is  completed  by  the 
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beu  of  the  bulbus  arteriofius.  which  does  not,  Iik«  the  raamiiiaUan 
aciTia,  »iinply  recoj)  by  elastic  nsactiou  aft^T  distension  by  the 
ventricular  stroke  but  cwries  wul  a  distinct  musculai  coacnction 
passinfi  in  a  wave  frum  Uiu  ventricle  outwank. 

WE«n  tbe  heart  in  dying  ceases  to  beat,  the  several  move- 
ro«nt«  ceiu«e,  m  a  rule,  in  an  order  the  invert  of  the  above. 
Omitting  the  biilhu^  arteriosus,  which  ^nineiinies  exhibits  great 
rhythmic-ill  jutwi^r,  we  may  say  that  first  the  \'eDtric]e  faiU,  then 
the  aiiricle-1  fail,  and  lastly  the  sinus  venosus  faiUi. 

The  heart  after  it  has  ceased  to  beat  spontaneoaaly  remains 
for  some  time  irritable,  tliat  is  cafMible  of  executing  a  beat,  or 
a  short  series  of  buats,  when  stimulated  either  lOM'hanically  as 
by  toachtug  it  with  a  bliiut  needle  or  electrically  by  an  ioductjoa 
shock  or  in  other  ways.  Tlie  artilicial  lieat  »o  called  forth  may 
be  in  its  main  features  identical  with  the  natural  bi«ts,  alt  the 
divisions  of  the  heart  lakiitg  part  in  the  beat,  and  the  sequence 
of  events  being  ttie  »ame  as  in  the  natural  beat.  Thus  when  the 
staus  i»  pricked  the  beat  of  the  sinus  may  be  followed  by  a  beat 
of  the  auriclF!.t  and  of  the  ventricle ;  and  even  when  the  ventricle 
is  stimulated,  the  dinjctly  following  bt-at  of  the  ventricle  may  be 
Bucceedoii  by  a  complete;  beat  of  the  whole  heart.  Under  oert^n 
circ  urns  tan  CVS  however  tlie  divlsi'm  directly  stimulated  is  the 
only  one  to  beat ;  wh«^n  the  ventricle  is  pricked  for  instance  it 
alone  may  biMt,  or  when  the  sinus  is  pricked  it  alone  may  beat. 
The  result.^  of  stimulation  moreover  may  differ  according  to  the 
condition  of  the  heart  and  according  to  the  |»rticular  spot  to 
which  the  -ttimulus  is  applied. 

With  an  increasing  loss  of  irritability,  the  refixmsc  to  stimn* 
latinn  ci'ases  in  the  several  divisions  in  the  same  "nler  as  that  of 
the  failure  of  the  natural  b«>t;  the  ventricle  ceases  to  respond 
first,  ttten  the  auricles,  and  lastly  the  sinus  venosu.*,  which  fre- 
qoeotly  r«s[>oniU  to  stimulatJon  long  after  the  other  divisions 
have  ceased  to  make  any  sign. 

It  would  appear  as  if  tlie  sinus  tcdosus. aariclea.  and  ventricle 
formed  a  descending  wriea  in  respect  to  ttteir  irritability  and  to 
the  power  titey  possess  of  carrying  on  Sfiontaneous  rhythmic 
beats,  the  sinus  boins  the  most  potent.  Tiiis  is  also  seen  in  tbe 
following  experiments. 

In  order  that  the  frog's  heart  may  beat  after  r«mo\-aI  front  the 
body  with  the  nearest  appmach  in  rapidity,  r^ularity,  and  en- 
durance to  the  normal  condition,  the  removal  must  be  carried  out 
so  that  the  excised  heart  still  retwns  the  sinua  venosus  intact. 

When  the  incision  is  carried  through  the  auricles  so  as  to 
leave  the  sinus  venosus  liehiud  in  the  body,  the  ainos  venocDS 
beau  forcibly  and  regularly,  having  sulTered  hardly  any  inter- 
ruption from  the  operation ;  but  the  auricles  and  ventricle  remain 
motionless,  often  for  a  considerable  time,  and  when  they  do  re- 
sume spoQtaoeoos  beats  thcst:  have  a  rhythm  different  from  that 
of  the  sinus,  and  are  less  vigorous  and  lasting  than  those  of  the 
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t^lire  heuit.  If  the  iuvuiun  bu  eAiried  bclw«en  tlie  auncliw  and 
ventricle,  t)ie  furmor  with  ihc  8inu9  beat  regularly  aud  forciblT 
wliile  Ui«  latter  often  exhibits  uo  spontaneous  tieaUi  at  all,  or  if 
Uieae  do  appear  tliey  laHt  for  a  short  time  only.  Lastly  if  the 
ventricle  be  cut  auross  leaving  the  upper  third  atucheil  to  the 
Biiriclea,  this  beats  rtfjukrly  witli  the  sinus  and  auricles,  hut 
tlic  di-taclivd  lower  two-thirds  do  not  bvat  spuntuui-uusly  at  alL 

Now,  whili:  j^n^lis  are  ahuudaut  over  ihi;  tiinus.  &tv  numer- 
mw  over  the  aurie^ltw,  mid,  as  Bidder's  gaii};1ift,  are  present  at  the 
auriculo-ventncnlar  junction,  no  nerve  celts  are  pnjsuut  in  the 
lower  part  of  the  ventricle.  Hence  the  view  has  sn^-»ted  itself 
that  the  rhythmic  spontaneona  beating  is  due  to  inipiilset<  pni- 
oeedit^  rhythmieully  from  the  nerve  cells  of  the  gan^^lia.  Hul 
aciious  objections  may  l>e  urged  ii)i;mnst  this  view.  Kveu  in  the 
citae  of  the  frog,  the  lower  part  of  the  ventricle,  the  mere  tip 
aliuoet,  may  nudfir  speciully  favuiirable  circumstuncee  bettt  in  an 
apiiuvntly  spontaneous  manner ;  ibis  occurs  when  it  is  tied 
round  the  end  of  a  perfusion  eannulu  (Fig.  66),  and  fed  with  blood 
or  seniiu  at  a  somewhat  high  pressure.  And  in  the  case  of  the 
toitoise  a  mere  strip  of  muscle,  <|uite  free  from  nerve  cells,  cut 
out  of  the  ventricle  may  he  made  to  heal,  in  an  ap{>arently  spon- 
twieou»  manner,  with  great  regularity  for  a  considerable  time. 

Without  entering  into  any  lengthy  discussion  concerning  a 
matter  which  is  and  has  l)eeu  much  debated,  we  may  say  that 
the  cardiac  muscular  fibre  differs  in  properties,  as  it  does  in  struc- 
ture, from  the  skeletal  muscular  fibre,  that  it  is  not  to  the  same 
vxtMitaa  that,  a  mere  instruuivtit,  so  to  sj)eak,  in  the  hands  of  a 
motor  nerve  fibn-,  bul  hA».  it.-<elf,  largely  to  do  with  orj^nutiiig 
Us  nwn  contraction.  The  muscular  contraction,  we  may  here 
olNKerve,  of  which  the  beat  is  a  development,  is  not  a  tetanus, 
bat  a  fwmewhat  long  continued  simple  contraction.  This  may 
be  readily  shewn  to  he  the  case  on  the  slip  of  the  tortoise  ven- 
tricle just  referred  to.  Such  a  sli]),  when  attached  to  a  lever,  and 
stimulBt'.-d  with  a  suigle  induction  ahock,  gives  whut  is  obvinusly 
a  simple  contraction.  .ind  a  iR'al  of  the  slip  occurring  naturally 
has  exactly  the  same  features.  And  the  electric  change  shewn 
at  any  part  of  Ihv  heart  during  a  beat  natural  or  induced  by 
stimulation  in  tlmt  characteriittic  of  a  simple  contraction.  The 
intact  ventricle  at  rest  is  as  we  have  already  said  (§  63)  iaoeleo- 
Iric.  hut  each  part  just  as  it  is  entering  into  a  state  of  contraetioD 
becomes  negative  towartU  tlie  rest.  Ilence  when  the  electrodes 
of  a  galvanometer  are  placed  on  two  points  A.  B  of  the  surface 
of  tli  ventricle  a  diphasic  variation  of  the  galvanometer  needle 
is  seen  when  a  bcjit.  natural  or  excited,  occurs.  Supposing  that 
the  wave  of  contnution  n-ai^hcs  A  first,  this  will  become  negative 
towants  the  rest  of  the  ventricle,  including  B,  but  when  the  wave 
■ometime  afterwanls  readies  B,  IS  will  become  negative  towards 
the  Teat  of  tlte  ventricle,  including  A.    Compare  §  r>4. 

Bat  the  contraction  of  cardiac  muscle  differs  from  that  of  a 


2U       FEATURES   OF  CARDIAC  CONTRACTION.     [Book  i. 

skelettil  muscle  in  th«  following  important  feature.  Wheit  we 
stitiiulaie  A  skeletal  muscle  with  a  etruDg  stimulus  we  get  a  large 
corilraotiim,  when  we  apply  a  weak  Biimulus  we  get  a  small 
contracliou;  within  certain  limits  (see  §  74)  the  contnictiou  ia 
proportional  to  the  stimulus.  Tins  is  nut  the  cuse  with  the  qui- 
escent veutricle  or  hi^^iirt.  Wlien  we  apply  a  strong  iiiduutiun- 
shock  we  ^t  a  beat  of  a  certain  strength;  if  we  now  apply  a 
weak  shock  wo  get  either  no  beat  at  all  nr  quite  as  strong  a  heat 
as  with  a  stronger  .itirtiulua.  That  is  to  eiay  the  magnitude  of 
the  Iwot  (iepenrts  on  the  condition  of  the  ventricle  (or  heart)  and 
not  on  the  magnitude  of  the  stimulus.  If  the  stimulus  can  stir 
the  ventricle  up  to  hoat  at  all,  the  heat  is  the  best  which  the 
ventricle  can  at  the  time  accomplish ;  the  sliuiulus  produces 
either  its  maximum  effect  or  nono  at  all.  It  would  seom  as  if 
the  stimulus  does  nut  produce  a  contraction  in  the  same  wuy 
tlint  it  dtms  wh«n  it  is  brought  to  bear  on  a  skt-letnl  muscle,  but 
rather  stirs  up  the  heart  in  such  a  way  as  to  eniihli-  it  to  cxeciiU* 
a  spontaneous  Ix-at  which,  without  the  extra  stimulus,  it  could 
not  britij;  alHiut.  And  we  liave  reason  to  think  that  the  uoruial 
beat  of  the  heart  within  the  body  ia  the  maximum  lieat  of  which 
it  ia  capable  at  the  moment.  These  and  other  special  features  of 
the  contraction  of  cardiac  umacle  lead  to  the  conclusion  that  the 
rhythmic  power  does  not  reside  wliolly  in  the  ganglia ;  but  we 
must  not  here  discuss  the  question  further,  nor  enter  upon  the 
difficult  problem  of  how  the  remarkable  sequence  in  contraction 
of  the  several  parts  is  devtdoped  and  nt  a  nilc  maintained. 

§  134.  In  the  iihuvi-  we  liave  deiiU  chiolly  with  the  heart  of 
the  cold  blooded  aniuial,  but  so  far  as  we  know  the  same  general 
conclusions  hold  good  for  the  inantmiilian  heart  also.  There  is,  it 
is  tnie,  in  the  mammal,  no  prepotent  sinus  venosus,  hut  n»  in  the 
frog  the  anricles  arc  dominaut.  and  their  teat  determines  the  Vieat 
of  the  ventricles.  Even  more  clearly  than  in  the  frog  however, 
the  ventricles,  though  they  normall)-  follow  the  auricles  in  their 
heat,  being  initiated  as  it  were  by  tbcm,  ]>ossess  an  independent 
rhythmic  power  of  their  own.  By  »  uiechanicul  contrivance  all 
conduction  of  nervous  or  muscular  impulses  between  the  auricles 
and  ventricles  may  be  aboljj^hed,  though  the  blood  may  continue  to 
flow  from  the  cavities  of  the  former  to  tho.«e  nf  ibe  latt<er.  When 
this  is  done  the  ventricles  go  on  beating  rbythmically,  but  at  a 
rate  which  is  quite  independent  of  that  of  the  auricular  healj*. 

We  may  now  tuni  to  the  nervous  mechaniRms  by  which  the 
beat  of  the  heart,  thus  arising  spontaneously  within  the  tissues  of 
the  heart  itself,  ia  modified  and  regulated  Ui  meet  the  require- 
ments of  the  rest  ot  the  body. 


The  Oovernment  of  the  Hmrl  Seat  by  the  Nervous  System. 

§  135.     it  will  Ite  convenient  to  begin  with  the  heart  of  the 
frog.    This  is  connected  with  the  central  nervous  system  through, 
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atid  (lierefore  govern^  liy,  the  two  vagus  nerves,  encli  of  which 
thongh  apparently  a  single  nerve  oontaiii^,  as  we  shall  see,  fibres 
of  ditferent  origin  and  nature. 

If  while  the  bents  of  the  livart  of  n  frog  are  being  cnrefiill/ 
regi.^tered  an  interrupted  ctin«iii  of  iiioikrale  strength  be  sent 
through  the  vagus  nerve,  tht;  heart  ix  seen  to  stop  beatiii)^  It 
remains  for  a  time  in  diastole,  perfectly  motionless  and  flaccid ; 
all  the  rauscular  libres  of  the  several  chambers  are  for  the  time 
buinc  in  a  8t«t«  of  relaxation.  The  heart  has  been  inhibited  by 
the  impulses  descending  the  vagus  from  the  ptut  of  the  nerve 
stimiilutcxl. 

If  till;  duration  of  Uie  stimulation  bo  short  and  the  strength  of 
the  current  gn-At,  the  standstill  mnycontiiiut^'  aftvr  thoourrvnt  has 
beea  shut  off ;  the  WaU-.  when  they  reappear,  are  generally  nl  6r«t 
feeble  and  infrequent,  hut  soon  reach  or  even  go  beyond  their 
previous  vigour  end  fre(|ueiicy.  If  theduration  of  the  stimulation 
M  very  long,  the  heart  may  recommence  beating  while  the  stimula- 
tion is  still  going  on,  but  tlie  beaU  are  fsehle  and  infrequent 
tbongh  gradually  increasing  in  strength  and  frequency.  Thoeflet-t 
of  the  sciuulation  is  at  its  maximum  at  or  soon  after  the  com- 
mcuoemfnt  of  the  application  of  the  stimulus,  gradually  d'-cliiiing 
afterwards;  but  wen  at  the  end  of  a  very  prolonged  stimulation 
the  beats  iiuy  still  be  less  in  force  or  in  fn^queiicy,  or  in  hotli,  than 
they  were  l>efore  the  nerve  was  stimulated,  and  ou  the  removal  of 
the  current  may  shew  signs  of  recovery  by  an  increase  in  forceaud 
frei|ueiicy.  The  effect  is  not  produced  instantaneously  ;  if  on  the 
curve  tlio  point  be  exactly  marked  when  the  current  is  thrown 
in,  u  at  ON  Fig.  68.  it  will  frequently  be  found  that  one  heat  at 
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^wWn  it  «M*hiii  off.  The  (Iina  roiuk«T  Ixilovr  tiiArk*  vmniila.  Tb«  UuM  werv 
rrRUtnnd  by  wamnAion  thn  Tnotrkln  from  a  clnniji  MIHi'htd  U)  lliS  •evlA  soil 
aOarliiBjC  k  DKht  larcr  (o  ihn  6p  of  tho  Toiilrlrlc 

least  occurs  after  the  current  has  p«e9cd  into  thu  nerve;  the 
development  of  that  beat  has  taken  place  before  the  impulses 
d«ee«Diliug  the  vagus  have  had  time  to  affect  Uw  heart. 
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The  stimulus  need  not  necessarilj  be  the  interrapted  carreot; 
mechanical,  chemical  or  thermal  atiniuUtioii  of  tlie  vagns  will 
also  produce  inhibitioo ;  but  ia  order  to  get  a  marked  effect  it  is 
desirable  to  make  axe  of  not  a  single  Dcrvoos  impulse  but  a  series 
of  Dt-rt'ous  inipul*V3 ;  thus  it  is  ditltcult  to  obtain  any  racognisahle 
result  liy  cmployiog  a  single  indaction  shock  of  modent*  intensity 
only.  A.t  we  shall  aee  laur  on  '  natural '  iii^rvouit  impulMS  descend- 
ing the  vagus  from  the  central  nervou.<i  .sy.ttem,  and  started  tbete, 
by  afferent  impulses  or  otherwise,  as  parts  of  a  reflex  act,  may 
produce  inhibition. 

The  stimulus  may  be  applied  to  any  port  of  the  coarse  of  the 
vagus  frotu  high  up  in  thu  neck  right  down  to  the  stuns ;  indeed, 
vory  markiMl  r\-«ults  arc  obtained  by  applyiug  the  alectrodea 
dinM;tIy  to  ihu  xiniis  where  a«  we  have  seen  the  two  nerves  plun^ 
into  the  subtntanco  of  the  hi^rt.  The  stimulus  may  also  be  ajiplied 
to  either  Tagus,  tliougli  in  the  frog,  and  some  other  animals,  one 
vagus  is  mroetimes  more  powerful  than  the  other.  Thus  it  not 
anfrequently  happens  that  even  strong  stimulation  of  the  vagoa  on 
one  side  produces  no  change  of  the  rhythm,  while  even  moderate 
stimulation  of  the  uervc  ou  the  other  side  of  the  neck  brings  the 
heart  to  a  standstill  at  once. 

if  during  tht!  inhibition  thu  rentrtcle-  or  other  part  of  the  heart 
be  stimulated  directly,  tor  instance  mechanically  by  the  prick  of  a 
needle. a  bent  may  follow;  tliat  is  to  say,  the  impuli^es  de«cending 
the  vagus,  while  inhibiting  the  spontaneous  beats,  have  not  wholly 
abolished  the  actual  irritability  of  the  cardiac  tissues. 

With  a  current  of  even  moderate  intensity,  such  a  current  for 
instance  as  would  produce  a  marked  tetanns  of  a  muscle-nerve 
preparation,  the  standstill  is  complete,  that  is  to  say,  a  certain 
number  of  beats  arc  entirely  dropped ;  but  with  a  weak  current 
the  inhibiticHi  is  partial  only,  the  heart  does  not  stand  absolutely 
sttU  but  the  bfiatx  an:  slowed,  the  intervals  between  them  being 
protonged,  or  weakened  only  without  much  slowiag,  or  both 
slowed  and  wcukvnud.  Sometimes  the  slowing  and  sometimes 
the  weakening  is  the  more  conspicuous  result 

§  136.  It  sometimes  happens  ttiat,  when  in  the  frog  the  vagus 
is  stimulated  in  the  neck,  the  effect  is  very  different  from  that 
just  described ;  for  the  beats  are  increased  in  frequency,  tboush 
they  may  be  at  Srst  diminishcxl  in  force.  And,  occasionally,  tliv 
beats  are  increased  both  in  force  anil  in  frequency :  the  result 
is  augmentfttiun,  nut  inhibition.  But  this  is  due  to  the  fact  that 
in  the  frog  the  vagu."  along  the  gn^ater  part  of  ita  course  is  a  mixed 
nerve  and  cotilains  fibres  other  than  those  of  the  vagus  proper. 

If  we  examine  the  vagus  nerve  closely,  tracing  it  up  to  the 
brain,  we  find  that  just  as  the  nerve  has  pierced  the  cranium, 
just  where  it  passes  through  the  ganglion  (f?K,  Fig.  69).  certain 
fibres  pass  into  it  from  tlie  syinpot)K>tic  nerve  of  the  neck,  Sif,  of 
the  further  connections  of  which  we  shall  speak  presently. 
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Fr.  Mots «l ngw (and  ixth)  aerr«.  OK  gmnglioii o( Mme.  Cr.  lios of  cnutikl 
wtlL  Vi.  T*(ii»  tnuik.  II.  ninih,  gloaao-phaTtupuil  nprvc.  S.V.C.  rapciitjt  i*n* 
<><«.  ^.  nniiiMhatie  iicr<c  in  npck.  (/.C*.  juni-iiuD  of  fTiiipntbptk  gui^linn  with 
■>|pi*  gBuglioa.  MiiiGnK  ue.  inlrnctnuisl  fllim  pareiiig  io  GiuiHtiiiii  ganglion,  't'lia 
tWI  <rf  the  tt)>tH  paiB  aloe^  the  t-agui  Imnk,  C/' avirigwllieliv  jnuiglioa  c:onnDftl^>l 
iritli  the  Hnl  ■pinal  norTc,  G"  aymfathrtic  gxngliun  ''f  Ilin  wcund  fpinnl  nerio, 
Am.y.  uuinliu  ul  ViiMiHcnti  A.il:  suUlaviiiii  artery.  (/'"vviiiiHUhrlic  giuigtion  of 
the  ibild  ipinal  utrT.      ///.  lliinl  xiiiiiul  ii>t>i<,     rj;  rniima  i*iiii>iiiuiiicaii«i 

TTm!  fonrer  -it  th<'  !»iij;iii<'nt"r  lilin-n  i"  ilniwn  l.y  thn  thii-l,  lilai'k  linv.  The)'  mrnir 
btf  Innd  from  llie  M^inal  ctril  t>v  thv  uiCfrU>r  nnit  i^  thr  ihml  >Hiiir}At  iinn«.  Ill  rough 
the  I  ■  m«i  riifiiiniiriii'aiin  Lf*  iJif*  ('■.■rrv*r*^»ii*JiiJK  *i.i'iiipafi;i!Jii^  £ibti|c11<>ii  f*'"  nnd  thrrxcD 
br  lln  HOOnd  gxiii;li"<i  ^".  ill*'  nntinlni  of  Vicuui<nii.  anil  chn  Ant  ipkiiKllon  O'  Iw 
tht  ccf*iMt  avrii]UUli<'ii<'  St/,  nad  do  bv  the  mKiii  traok  to  thr  inpcrior  v«iia  tjita 
S.KC. 

before  il  won  joitu^ij  by  the  sTropntbetJc.  (2)  the  sympathetic  6hK» 
Wfore  they  join  t}ievagua,and  (3)theva};us  trunk,  containing  biUh 
the  re&l  Taguii  and  the  svmpathetk:  fibres,  Whnt  we  have  pre- 
viously desoibed  aro  the  urdinurj-  results  of  stiuiuluting  the  mix«d 
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trunk,  and  thusc,  as  we  have  said,  iirc  not  wholly  cuastant.  though, 
usually  and  in  the  ninin,  mci.'^t  distint^t  inhibitory  results  follow. 

If  we  slimulabi  the  sympaihi-lic  in  the  iiwk  us  at  Si/.  Fig.  69. 
cutting  the  nerve  below  so  as  Ui  block  all  impulses  from  piissiug 
downward.-i,  ami  only  allow  iiiipulaea  to  pass  up  to  the  vajjus  mid 
Uience  down  the  mixed  vagus  trunk  to  the  heart,  we  get  very 
teniarkable  results.  The  beat  of  the  heart  instead  of  being  inhib- 
ited ia  augmented,  the  beats  are  increased  either  in  frequency  or  in 
force,  or  moat  generally  both  in  frequency  and  in  force.  The  effect 
ia  perhaps  best  seen  when  the  heart  before  stimulation  ia  beating 
slowly  and  feebly;  upon  stimtilntion  of  the  corvinil  aympathetic 
the  beats  at  once  improve  in  vigour  and  frequency ;  indeed,  a  heart 
which  for  ono  reasmi  or  another  has  almo-tt  ceased  to  beat  may, 
by  proper  stimulation  of  the  aynipathotic,  be  called  back  into 
vigorous  activity. 

If.  on  the  other  hand,  we  stimulate  the  vagus  before  it  has  been 
joined  by  the  sympathetic  fibres  (and  to  onaure  the  result  not 
being  marred  by  any  escape  of  the  stimulating  current  on  to  the 
sympathetic  fibres  it  is  necessary  to  stimulate  the  vagus  within  the 
crunium)  wo  get  pure  and  constant  inhibitory  results,  the  beats  arc 
for  a  tiTue  wholly  abolished,  or  ate  slowed,  or  are  weakened,  or  are 
both  slowed  and  weakened. 

Obviously,  then,  the  heart  of  the  frog  is  supplied  through  the 
vagus  by  two  seta  of  fibres  coming  from  the  central  nervous  system, 
the  one  by  the  vagus  proper  and  the  other  by  the  cervical  sym* 
pathetic  nerve,  and  thc.se  two  sets  have  opposite  and  antagonistic 
eflccts  upon  the  heart 

The  one  set.  those  belonging  to  the  vagus  proper,  are  inhibitory; 
they  weaken  the  sysloli!  and  prolong  the  diastole,  the  effect  with  a 
strong  stimulation  being  I'umplete,  so  that  the  heart  is  for  a  timo 
bn)ught  ttt  a  i<taud.still.  Sometimes  the  slowing,  sometimes  the 
weakening  is  the  more  prominent.  When  the  nerve  and  the  heart 
are  in  good  condition,  it  needs  only  a  alight  atimulus.  a  weak 
current,  to  produce  a  marked  effect,  and  it  may  be  mentioned  that 
the  more  vigorous  the  heart,  the  more  rapidly  it  is  beating,  the 
easier  ia  it  to  bring  about  inhibition.  Although,  as  we  have  said, 
the  effect  Is  at  its  maximum  soon  after  the  beginning  of  stimula- 
tion, a  very  prolonged  inhibition  may  be  produced  by  prolonged 
stimulation;  indeed,  by  rhythmical  stimulation  of  the  vagus  tho 
heart  may  be  kept  perfectly  quiescent  for  a  very  long  time  and 
yet  beat  vigorou.ily  upon  the  cessation  of  the  stimulus.  In  other* 
words,  the  instnimenta  of  iuhibition.  that  is,  the  iibres  of  the  vagus 
and  the  part  or  aubetance  of  the  heart  upon  which  theae  act  to 
produce  inhibition,  whatever  that  part  or  substance  may  be.  are 
not  rwndily  exhaustod.  Furthor,  the  inhibition  when  it  ceases  is, 
frequently  at  all  events,  followed  by  a  period  of  reaction,  during 
which  the  heart  for  a  while  beats  more  vigorously  and  rapidly 
tbau    before.     Indeed  the  total  effect  of  stimulating  the  vagus 
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6br«s  is  not  to  exhaust  the  heart,  but  rather  to  AtiengtheD  it;  and 
by  repeated  iubibitiODa  carefully  administered,  a  feebly  beating 
heart  may  be  nursed  into  vigorous  activity. 

The  other  set,  those  joininj;  the  vaj^us  from  the  sympathetic, 
are ' augmentor '  or  ' uccvlcniting '  fibres;  the  latter  iiiimc  is  the 
mopj  common  hut  the  foniiur  tf,  mure  uccuiatc,  since  the  elTcct  uf 
stimulntiD<;  lhe»«  t\hK»  m  to  increase  not  only  the  rapidity  hut 
the  force  of  the  beat ;  not  only  in  the  diastole  «hortene.d  but  the 
systole  in  strengthened,  soinetimea  the  one  reiiult  and  Bometimes 
tbe  vther  being  the  more  prominent.  These  augmentor  fibres 
need  a  aomewhat  atrong  stituulatiun  to  produce  an  efTect.  the  time 
le^tuired  for  the  maximum  effect  to  be  produced  is  long,  and  the 
e(|.:<rt,  when  pMduevd,  may  last  for  some  time.  A  nlowly  or 
weakly  beating  lienri  i.><  more  ea.sily  augmented  than  U  a  xlrong 
oue.  FuTth(.!r.  the  augmentation  in  followed  by  a  period  of  reac* 
tion  in  which  the  heat^  are  feebler,  by  a  atage  of  exhaustion; 
and  indeed  by  re|ieat«d  atimiilation  of  these  aympathetic  "fibres  a 
fairly  vigorous  heart,  especially  a  bloodless  one.  may  be  reduced 
to  a  ver>'  feeble  condition. 

Ky  watching  the  efl'ects  of  stimulating  the  8}-mpathetic  nerve 
at  various  points  of  its  course  we  uiay  truce  these  augmenlor 
fibres  from  their  junction  with  the  vagus  down  the  short  sympa- 
thetic of  the  neck  through  the  sympathetic  ganglion  connecU'd ' 
with  the  first  spinal  nerve.  0',  fig.  69,  through  one  or  both  the 
loops  of  the  antiulns  of  VieusscQS,  Aiu  V.  through  the  second 
ganglion,  connected  with  the  second  spinal  nerve,  <i".  to  the  third 
gnnglioD  conn<.-eU>d  with  the  third  spinal  nerve.  O^",  and  thence 
Uirough  the  rumus  comnninicans  or  visceral  branch  of  that 
ganglion,  rx,,  to  the  third  spinal  nerve,  ///,  by  the  anterior  root 
of  which  they  reach  tlie  spinal  cord. 

§  137.  Ilotli  m-Xst  of  fibres,  theti,  may  be  traced  to  the  central 
nervous  system ;  and  we  find  accordingly  that  tlie  he«rt  may  he 
inhibited  or  augmented  by  nervous  impulses  which  are  started  in 
the  ncn'ous  system  either  by  afTcront  impulses  as  part  of  a  reflex 
act  or  otherwise,  and  which  pass  to  the  heart  by  the  inhibitory  or 
by  the  augmenting  IracU 

Thus  if  the  spiiial  bulb  or  a  particular  part  of  the  spinnl  bulb 
which  IH  specially  connected  with  the  vagu.t  nerve  he  stimulated, 
the  heart  is  inhibited ;  if,  for  instance,  a  needle  be  thrust  int^) 
this  part  the  heart  stands  stilL  This  nervous  area  may  he 
atirred  to  action,  in  a  '  reflex  *  manner,  by  afferent  impulses 
reaching  it  from  variouii  parts  of  the  body.  Thus  if  the  abdomen 
of  a  frog  he  laid  hare,  and  the  intestine  be  struck  sharply  with  the 
handle  of  a  scalpel,  the  heart  will  stand  still  in  diastole  with  all 
the  phenomena  of  vagus  inhibition.  If  the  nervi  mticntrrici  or 
the  connections  of  the.*i.t  nerves  with  the  spinal  cord  be  i>limul<ited 
with  tlie  interrupted  current,  cardiac  inhibition  \»  similarly  pro- 
duced.    If  in  these  two  experiments  both  vagi  are  divided,  or  the 


250 


INHIBITION   IN  THE   M-VMMAL.  [Book  i. 


spinfil  bulb  U  destroyed,  inhibition  ia  nut  produced,  however  much 
either  the  intestine  or  the  nie8eiileric  nerves  be  stimulated.  This 
shews  that  the  phenomena  rth  caused  by  impubeii  ascending 
along  the  mesenteric  nerves  to  the  spinal  bulb,  and  so  affecting  a 
portion  of  that  organ  as  to  give  rise  by  reflex  action  to  impulses 
which  descend  the  vagus  ncrvii  or  nerves  an  inhibitory  impulses. 
The  portion  of  the  spinal  bulb  thus  mcdiiiting  between  the  aflerent 
sijd  efferent  impulsos  niuy  be  spoken  of  us  the  cirdio-xnhibitoTjf 
tattrx.  This  c-ntrp  may  Ixi  thrown  into  activity,  and  so  iubibjtioa 
[produced,  by  aifcront  impulses  reaching  it  along  various  nerves; 
by  means  of  it  raflex:  inhibition  through  one  vagus  may  be  brought 
about  by  stimulfition  of  the  central  end  of  the  otiier. 

And  we  have  reason  to  think  that  in  a  similar  manner 
augmentor  impulses  are  developed  in  the  central  nervous  system 
either  as  part  of  a  retiex  chain  or  otherwise. 

§1^.  So  far  vtii  have  been  denling  with  the  hciirl  of  the 
frog,  but  the  main  facts  which  we  have  sUilt^d  regarding  inhi- 
bition and  augmentation  of  the  heart  bi^at  apply  also  Uj  other 
vcrlehntte  aiiiniiil:;  including  mammals,  and,  indeed,  we  meet 
similar  phenomena  in  the  hearts  of  invertebrate  animals. 

If  in  a  mammal  the  heart  he  expo.sed  to  view  by  opening  the 
thorax,  and  the  vagus  nerve  he  stimulated  in  the  neck,  the  heart 
may  be  seen  to  stand  still  in  diastole,  with  all  the  parts  Haccid 
and  at  rest  If  the  current  employed  be  too  weak,  the  result,  as 
in  the  frog,  is  not  an  actual  nrrost  but  a  slowing  or  weakening  of 
the  beats.  By  placing  a  liylit  lever  ou  the  heart  or  by  other 
metho<ls,  a  graphic  record  of  the  standstill,  or  of  the  slowing,  of 
the  complete  or  incomplete  inhibition  may  Vie  obtained.  The 
result  of  stimulating  the  vagus  is  also  well  shewn  on  the  blood 


Kio.  70.    TaAtisc,  aintwiiKi  Tint  isnaCBwcK  op  Cin»»r  ImnniTioN  on  Buion 
PnBMPnc.     Fkoh  a  Rakhit. 

I  the  roafk«  on  tlin  lagjiti  liii*  whfm  tlio  cnrrpiit  » tliMwn  Into,  uiil  «  «l>iit  off 
from  tlin  uupi*.  Thn  liim*  in«rlii>r  twioiv  iiiarkii  »ecoQ<U,  Iho  honrt,  u  i»  fnMiii''iitty 
th«  CMC  in  ilio  rabbit,  brAtliig  rwj  laptdlj. 
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lireiwure  curve,  the  cflect  nt  complete  carditc  inhibitioii  on  blood 
pressure  being  most  striking.  If,  while  a  tracing  of  nrtcrial 
presiture  is  beiug  taken,  the  1>eat  of  the  heart  be  suddenly 
arreiiti^d  by  vagus  .itimulauon,  aome  such  curve  as  that  represented 
in  Kig.  70  will  be  obt-iinetj.  It  wUl  be  observed  that  two  beatA 
follow  the  application  of  the  current  marked  by  the  point  a, 
trbicb  corresponds  to  the  signnl  .r  on  the  line  below.  Then  for  a 
space  of  time  no  beats  at  all  arc  seen,  the  next  beat  b  taking 
place  almost  iinin«dint«ly  nfb^r  the  shutting  off  the  current  at  >/. 
ltDinodtat«lj'  after  the  lui«t  beat  following  a,  there  is  a  sudden  fall 
of  tbe  bloc^  pressure.  At  the  pulse  due  to  the  last  systolic,  the 
artt^rial  system  i.s  at  ita  maximum  of  distention;  forthwith  the 
elastic  reaction  of  the  arterial  walls  propeh  the  blood  forward  into 
the  veins,  and,  there  being  no  fresh  finid  injected  from  the  hearty 
the  fall  of  the  mercury  is  unbroken,  being  rapid  at  6nt.  but 
slower  afterwards,  as  the  elastic  force  of  the  arterial  walla  is 
more  and  more  used  up.  With  tbe  returning  beats  the  pressure 
correspondingly  rist-s  in  successive  leaps  until  the  normal  mean 
pressure  is  ivgained.  The  sijte  of  these  returning  leaps  of  tbe 
mercury  may  svvm  disproporliouately  large,  but  it  must  be  re- 
membered that  by  far  the  greater  part  of  the  force  of  the  first 
few  strokes  of  the  heart  is  expended  in  distending  the  arterial 
system,  a  small  portion  only  of  t!ie  blotjd  which  is  ejected  into  the 
arteries  passing  on  into  the  veins.  As  tbe  arterial  pressure  rises, 
more  and  more  blood  passes  at  each  beat  through  the  capillariea, 
and  the  rise  of  the  pressure  at  each  beat  becomes  less  and  lees, 
until  at  last  the  whole  contents  of  tbe  ventricle  pass  at  each 
strvke  into  the  veins,  and  the  mean  arterial  pressure  is  established. 
To  this  it  may  lie  added,  that,  us  we  have  seen,  the  force  of  the 
individual  beot^  may  be  somewhat  greater  after  tlian  before  inhi- 
bition.  Besides,  when  the  mercurj'  manometer  is  used,  the  inertia 
of  the  mercury  tends  to  magnify  the  eflVcts  of  tbe  initial  heats. 

The  above  is  an  example  of  complete  inhibition,  of  a  total  stand- 
still for  a  while  of  the  whole  bcurt.  such  as  may  bo  obtained  by 
powerful  stimulation  of  the  vn<;us ;  both  auricles  end  ventricles 
remain  for  a  period  free  from  all  contractions  ;  and  as  the 
previously  existing  arterial  pressure  drives  tbe  blood  onward  fmm 
llie  arteries  through  the  capillaries  and  veins  towards  the  heart, 
tlie  cavities  of  the  hejirt  become  distended  with  blood,  esjiecially 
on  tlie  right  side. 

A  weaker  stimulation  of  the  vagus  produces  an  incomplete 
inhibition,  the  heart  continues  to  beat  but  with  a  different 
rhythm  and  stroke,  and  by  careful  obsen-atioo  many  interesting 
features  may  be  observed.  If  a  n^cord  be  obtained,  by  one  or 
otlier  of  tliu  methods  mentioned  in  §  113  or  elscwlierc.  of  the 
behaviour  of  the  auricles  and  ventricles  respectively,  it  will  be 
observed  that  tbr  tnbtbition  tells  much  more  on  the  auricles  than 
on  the  ventricles.     The  extent  of  the  auricular  oontracUous  ia 
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espvciully  aflbct«d,  more  so  than  tbat  of  the  ventricles,  and  it  may 
somutimus  be  obiwrvud  tbat  the  auricles  are  bruu^ht  to  complete 
qiiicscuuce  while  tile  ventricles  still  coiitiiiuv  tu  beat;  the  latter 
now  exhibit  tbat  itiile pendent  rhythm  of  which  wu  spuku  in  §  134. 
In  a  Homewhat  .timilar  manner  the  Rtiiinilation  al  the  vagus,  by 
affecting  the  rhythm  of  the  auricles  more  than  thatof  the  ventricles, 
may  lead  to  a  want  of  coordiuation  between  the  two,  tiie  especially 
slowed  auricles  beating  at  one  rate,  the  ventricles  at  another. 
It  is  indfcd  maintained  by  some  that  the  vagus  acts  directly  on 
the  auricles  only,  the  changes  in  tho  vcntriclvs  being  of  a  secondary 
Datuiv\  caus<td  by  the  changes  in  the  auricles. 

When  the  output  fi'"m  the  ventricles  during  vagus  stimulntion 
is  measured,  by  the  cardiometcr  or  otlierwihe,  it  is  found,  as  might 
be  expected,  that  this  is  lessened.  The  diminution  during  agiwa 
period  may  be  due  to  the  mere  slowing  of  the  beat;  but  the 
individual  pulse  volume  is  in  aome  cases,  at  least,  also  lessened. 
It  may  by  the  same  method  be  observed  that  the  quantity  remain- 
ing in  the  ventricle  ut  the  end  of  the  systole  is  increased;  the 
ventricte  appears  to  e.vpiind  more  during  diastole.  Of  the  effects 
thus  produced  on  the  circulation  we  shall  speak  later  on. 

We  may  now  turn  to  some  further  details  concerning  tho 
<!uurse  of  these  inhibitory  iibres.  They  run  in  the  trunk  of  the 
vagus;  this  is  clear  not  only  in  the  case  of  an  animal  like  the 
rabbit,  in  which  the  vagus  runs  separate  from  the  cervical  sym- 
pathetic but  also  in  the  case  of  the  dog,  in  which  the  two  nerves 
are  more  or  less  bound  up  together.  Leaving  the  vagus  by  the 
cardiac  branchi^s.  they  reach  the  cardiac  tissues  by  the  cardiac 
plexuses.  Wjuu  we  trace  the  fibres  in  the  other  direction  to- 
wards the  central  nervoui*  system,  we  have  to  bear  in  mind  that 
the  iibres  which  compose  the  trunk  of  the  vagus  have,  as  we  shall 
flee  in  studying  tlie  central  nervous  system,  two  distinct  central 
origins.  On  the  one  hand,  there  are  the  fibres  which  are  the 
proper  vagus  fibres  which,  leaving  tho  spinal  bulb,  pass  through 
both  the  jugular  ganglion  and  truuk  giuiglion  (Fig,  71  r.  OJ. 
0,  Tr.  y<f-).  On  the  other  hand,  there  ari^!  fibres  which,  belonging 
to  the  spinal  accessory  nerve  (Sp.  -If.)  and  to  what  we  shall  leani 
bo  speak  of  as  the  bulbar  division  of  tbat  nerve,  pass  after  leaving 
tho  spinal  bulb  to  the  trunk  ganglion  of  the  vagus,  and  thencv 
form  part  of  the  vagus  trunk.  Now,  it  is  these  Iibres  of  the  spinal 
accessory  nerve  and  not  the  proper  vagus  fibres  which  supply  the 
inhibitory  fibres  to  the  heart  Thus,  if  the  bulbar  roots  of  the 
spinal  accessory  be  divided,  those  of  the  vagus  proper  being  left 
intact,  the  spinal  accessor)-  librvs  in  the  vagus  trunk  degenerate, 
and  when  this  has  taken  placo  stimulation  of  the  vagus  fails  to 
produ™  the  ordinary  inhibitory  effect. 

Within  the  spinid  bulb  these  iidnbitfiry  fibres  are  connected, 
in  the  tnainiual  as  in  tlie  frog,  with  a  cardio-inhihitery  centre ;  and 
in  the  mammal  as  in  the  frc^  inhibition  may  be  brought  about 


Chaf.  it.]         the   vascular   MtX'llAMSM. 


2&8 


not  oulj  by  arliliciul  stimuIotioD  qF  tlic  vagus,  but  by  stimulation 
Id  t  reBex  lauiuer  or  ot)icrwisc  of  the  cardio-iDbibitory  centre. 
Thus  the  fainting;  which  ofltMi  follows  upon  a  blow  on  the  stumnch 
is  a  repetition  of  the  result  mentioned  a  liltli^  while  ago  as  obtained 
on  the  frog  by  striking  the  stomach  or  slimuUting  tlie  ncrvi 
uic'flent«rid._  So  also  the  fauitiog,  complete  or  partial,  which 
■ixomiuiQii's  serere  paia  or  mental  emotion,  is  sji  illustration  of 
cardiac  inhibitioa  by  the  vagus.  These  arc  familiar  examples  of 
more  or  les8  coinpletu  iuhibition  ;  but  HJDiplc  slowing  or  weakening 
of  the  beat  through  the  inliibitory  mechanism  is  prcibiibly  an 
event  of  much  more  common  occurrence.  For  instance,  a  rise  of 
general  blood  pressure,  or,  and  perhaps  more  vsiieciftlly,  n  rise  in 
the  blood  pressure  of  the  vesseia  of  the  brain,  ftet.*  going  inhibitory 
impulses  by  which  the  work  of  the  heart  is  lessened,  and  the  high 
blood  pressure  lowered,  the  dangers  of  a  too  high  pressure  being 
thus  averted.  Again,  the  inhibition  maybe  brought  about  in  a 
reflex  manner  by  impulses  started  iu  the  heart  itscl!  and  ascending 
to  the  central  nervous  system  iilung  afferent  fibres  which  run  in 
thevagua  irunk  from  the  heart  to  th«  spinal  bulb.  In  this  way  the 
heart  rugulatea  its  own  action  according  to  itn  condition  and  il« 
needs. 

There  is  also  some  reason  for  thinking  that,  in  some  animals 
aC  least,  the  central  nervous  system  by  means  of  the  cardiac 
inhibitory  fibres  keeps,  as  it  were,  a  conttDual  rein  on  the  heart, 
for,  in  the  dog  for  example,  section  of  both  vagi  causes  a  quickening 
of  the  heart's  beat.  But  we  shnll  huve  to  »[>enk  of  these  matters 
more  thanonoulatvrun.  Meanwhile  we  may  turn  to  the  augmeutor 
fibres. 

So  much  of  onr  knoirlec^  of  th<i  n«r\'ous  woik  of  tliu  heart  and 
especially  o{  the  aeljon  of  the  augiiioiiti>r  fibres  has  bcon  gaineil  by 
vx|N>rini«iit«  on  dogi  tlint  it  iiiny  be  d<'.^intl>lo  tn  give  a  few  details  con- 
«eniiDj;  IIm!  nervo  nt  ti<a  hi-art  in  tliis  aiiimAJ. 

In  tltn  dofc  tbn  vu^i^iix  hooii  atler  it  iiwiiea  tKiui  its  tmiik  puigliuu 
(G.  TV,  V^.,  Vig.  71)  U  jr)in«l  by  ibe  Hyinpattietic  nerve  proceeding  from 
liie  nipnrior  cervical  K;<iiglion,  tbe  twn  forming  tli«  vat;u«ymputhetic 
(rank.  At  this  trunk  niton  the  tliumx,  tbe  syiufialbi-tic  jKirlicin  bean 
a  irnnt;lion  (6'.C.)uiinBlly  called  tho  lower  terviml  tiaii>;h<>ii.  To  tbi* 
ganiilioQ  Ihera  paes  from  tbe  »t4>llnlu  Kiin>:lion  (G.Sl.)  a(  tbe  thoracic 
«yBi|iatliotic  chain,  twa  nerves,  on"  rimning  ventral  to,  the  other  <lor«al 
(o  the  nibcUvlau  artery,  am)  thus  forming  with  the  two  ganglin,  tbe 
aanulun  of  VleuMena  (An.  F.). 

A  Titry  UrvD  number  of  tbe  cardiac  nerves  spring  from  tlie  lower 
flcrvieal  ganglinu  unit  from  the  vagns  trunk  lyiii>:  ia  contact  witti  it, 
from  iIh:  vagus  trank  bi'low  tliis  k^iikHod,  from  the  annulua  of  Vinua* 
aena,  chiefly  at  least  froia  tbe  VL-ntral  limb,  and  sometimes  from  tbe 
stellate  gangiinn.  Then  nro  buniilet  cnnlion  brancbea  pawinfi  from 
the  vnso^ym pathetic  trunk  bntw««n  the  InveU  of  Ui«  mpnrior  ami 
of  the  Inferior  cervical  (eangiJa,  cnnline  bmncbo  of  tbe  rv^urrput 
loiyugeol,  a  oardioc    bmuh    of   lbs  snpRrior  laiyngcal,  and   a   long 
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Fm.  71.    DiAOKUiMATio  Rspkubktjltioh  of  tbb  Caidial  Ihbibitost  and 
AromnrroR  Fibres  !:>  tub  Don. 


Ite  B]9«r  portioii  of  tlia  flgvn  npMMiUi  the  iiiltilHlocf ,  Mm  lower  the  Mgnientor 
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vuQ* ,  r^p.At.nau  ot  tho  (|dDAl  accanan;   both  draw> 

TiJ.  ganglion  Juku]bi«     G.l'i.Vg.  guigllon  trunci  t>j('- 

V  tnmk.     ExI-Su.Ar.   extcrnaJ   ipiunl  ftfwon'.    iSo.Ae. 


r.  1^.  lOoU  ci  tha 
»«»y  diljfnunmnlicnUy. 

Sf^f.  •pinal  lu-tcHury  tnmkr  SxlSp-Xr.  extcrnaJ  ipuinl  tricttoty.  iSp.. 
tauwtal  DpiiiBl  ucriuury.  rjr.  trunk  o(  vaf^un  nt-rvt-.  nj^  lirancbM  Kciiifc  lo 
blttrt  (  ■!>'y-  ccrviriil  ■rmpiitlictip.  (i.C.  lonvr  cervical  gnii^liuu.  -ijf-,  tub- 
dariui  aiirry.  .In  l'.  Aiiuuliu  of  ^'ipUH<<■lIl.  G.!il,  alBlluVa  gougtiou.  roricipcind- 
iag  u>  thif  tint,  iMKfinil,  mid  iliini  gHnglik  of  the  thoracte  chain.  Ci.TVi,*,  G,Tli.\ 
fuoTth  and  llftli  Uiiirai'iv  giutclia.  /',i..  />.ii.,  J).iii..  D.tr^  0.\.,  lint,  itecimd.  thifd. 
[uUTlh   ani   IKlli    IhiintcU'   Kpinul    iiervv&     r.  r.    ruiiiun    rcmniQiiiCBiii.     n.  r.    or-rvea 

Srardnc)  \Mmiai^  to  tJii<  linart  (cixii  tliii  cervivnl  fjuiijli'^ii  uiil  fro[ii  the  uinulua  of 
•'inuwo*. 

The  bWbitory  Sbrw,  *he<rn  by  bUclt  lin»B.  run  in  iho  appcr  (bnlhur)  root*  of 
Aa  Wnal  accMwirj,  br  lli*  in(vmal  braurh  u(  the  spinnl  icciwiurv.  piul  tbn 
■■■niinB  tnuKl  vagi.  aion(;  Uiv  iruult  uf  the  vagns.  and  no  by  brnnchu  tu  the 
EcBTt. 

TheanitmoatOTllhrfui.iUto'dien-n  by  black  linAR.paw  from  thptpinnl  conl  by  ihs 
mt»Aat  roott  ot  th*  Mrnntl  atiil  ihini  tlioracic  uvnct  {yoniMj  iA*a  friini  tli«i  flivE, 
(MfUi  alid  Sfth  a*  Indlralcid  by  broken  bincic  IlnwJ,  |ia»a  (hi-  mnlluta  )tnnKli»ri  hy 
tha  ananlo*  nf  VleoMau*  (u  tha  lower  eaivicaJ  gaof^ion.  from  wlionve,  an  aim  from 
the  aaantn*  itiiirl(,  (hey  pa«a  aioag  tha  cudtac  Darvw  to  clia  hoHrt.  An  ocranimiAl 
taet  Uota  the  itallaM  gauKllaii  itiall  ia  not  abawn  In  thn  (tunm. 

eleoiler  nerve  from  the  anperior  cervic*!  gaogliOB  paasing  indepemleiitly 
lo  tbe  htoui.  Tlie  «rr>ini;«iiiei]t  in  nut  exH<^^tly  tb<<  same  on  the  tu-u 
sides  of  t)i«  body,  and  tliH  miiiur  delaiJs  tlitTvr  lu  iliSerant  iinliTidiiiijK. 
A<  in  otiier  aiitniaU  tho  variuiut  enrdiac  nervH  luiDglo  iu  tlie  canliitc 

In  the  dog  it  has  been  nscertained  by  separate  stimulation  of 
tliL-«v  st^vvnil  cardiac  nvrvcs,  tliHt  nu|^montur  fibres  am  contxiincd  iii 
MHUv  or  oilier  ot  the  ni'Tves  {■<t»siiig  from  iht-  lowur  cervical  giiriglion 
and  t)i<!  adjniniiig  vagu!>  trunk,  fritm  lliir  nnnubis  of  Vioiixst^iis, 
especially  the  lower,  ventral,  limb,  aixl  sainctimc^  (roin  the  Htellate 
sanjtlion  iU«lf.  The  results  differ  a  good  deal  in  difl'ereiil  in- 
div^oals,  and  there  are  reasons  for  thinking  that  the  nerves  in 
({iieatioD  may  contain  efferent  fibres  other  than  augmcntor  fibres, 
by  reaaon  of  which  stimulation  of  them  may  give  rise  to  other 
tOAD  pure  auf^Ben tor  effects.  S]K-akin<;  tin>udly.  howcvi-r,  we  may 
ny  that  wo  may  trecu  the  augmentor  tibnrs  buck  from  ihv  cardiac 
pleziues  through  the  lowvr  cervical  ganglion  and  the  annulu.^  of 
Vieiiwens  to  the  Ht«llat«  ganglion. 

^lia  ganglion  \»  in  reality  several  sympathetic  ganglia  foaed 
together.  It  undoubtedly,  in  tJie  dog.  represents  the  lirst.  second 
and  third  thoracic  sympathetic  ganglia,  receiving,  as  it  does, 
brnoches,  rami  com  muni  en  n  tea.  from  the  timt,  second  and  third 
thoracic  spinal  ncr^'«8.  Since  it  also  recei\'es  bninchi-*  from  the 
eighth  and  wrcnth  ocrrical  norres,  it  has  licen  argued  that  it 
reprcneiiU  not  only  the  threa  thomcic  sympathetic  ganglia,  but 
also  what  in  iiuin  and  other  animals  ia  called  the  lower  oervical 
ganglion ;  if  so,  what  has  been  called  above  the  lower  cervical 

finglion   should  be  r^arded   as   the  middle   cervical   ganglion, 
rom  the  stellate   ganglion  the  sympatlietic  cord  passes  to  the 
gan^ioD,  which  is  wtmected  hy  a  ramtu  communicans  with  tho 
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fourth  thoracic  spinfti  nerve,  and  which  is  therefore,  in  reality,  the 
fourth  thoracic  gangliou,  and  so  on  to  the  rest  of  the  thoracic  chain. 

Now,  when  the  several  rami  communic-autea,  or  the  anterior 
roots,  of  the  lower  cervical  and  upper  thomcic  norves  are  separately 
stimulated,  it  is  found  that  nugmentor  effects  make  thuir  appear^ 
auce  with  considerable  constancy  when  the  second  and  third 
thoracic  nerves  are  stimulntod  ;  thu  eflects  are  less  cunstunt  with 
the  first  and  fourth  thoracic  nerves;  sometimes  some  effect  may 
appear  with  tho  fifth  tiioracic  nerve,  but  not  with  any  other 
tboracic  nerves,  or  with  any  of  the  cervical  nerves. 

We  may  therefore  say  that,  in  the  dog.  augmentor  impulses 
teave  the  spinal  cord  by  the  anterior  roots  of  the  second  and  third, 
to  some  extent  the  first  and  fourth,  and  possibly  the  fifth 
thoracic  nerves,  travel  by  the  several  rami  communicsintes  to  the 
stellate  ganglion,  and  pass  thence  to  the  cardiac  plexuses,  and  so  to 
the  heart,  by  nerves  from  the  stellate  gangliou  itself,  or  from  th« 
anuulus  of  Viousscns.or  from  the  so-called  lower  cervical  gnnglion. 
In  the  cat  the  path  of  the  augmentor  impulses  is  very  similar,  and 
we  may  regard  the  statemitiit  just  made  as  representing,  iu  a  broad 
way,  the  path  of  these  impulses  iu  the  mammal  generally.  Tliey 
leave  the  spinal  cord  by  tlio  upper  thoracic  nerves,  and  pass  to  the 
heart  through  the  lower  cervical  and  upper  thoracic  sympathetic 
ganglia. 

The  effect  of  stimulating  these  augmentor  fibres  is,  in  some 
cases,  to  increase  the  rapidity  of  the  rhythm.  When  the  hu.art  is 
beating  very  slowly  thi.'*  acceleration  may  be  very  conspicuous,  but 
when  the  heart  is  beating  quickly,  or  even  at  what  may  be  called 
n  normal  rut",  the  acceleration  observed  may  be  very  slight.  A 
mure  constant  and  striking  effect  is  the  increase  in  the  force  of  the 
beat.  When  tracings  are  taken  of  the  movements  of  the  auricles 
and  ventricles  separately,  it  is  observed  that  in  the  case  both  of  the 
auricles  and  of  the  ventricles,  tho  extent  of  the  systole  is  increa.ted ; 
moreover,  it  would  seem  alio  that  both  cavitiea  undergo  a  larger 
expansioB  :  they  arc  filled  with  a  larger  quantity  of  blood  during 
the  diastole.  Th'tn  inuaim  that  tho  output  of  the  heart  is  increased 
by  the  action  of  the  augmentor  nerves,  and  that  such  is  the  effect 
may  be  directly  shewn  by  the  cardiometer.  Moreover,  this  increase 
of  tlie  output  may  take  place  in  spite  of  a  concomitant  ri.«e  of 
arterial  pressure,  so  that  the  effect  of  the  action  of  the  augmentor 
nervea  is  distinctly  to  increase  the  work  of  the  heart ;  and  this  may 
take  place  even  though  no  marked  acceleration  occurs. 

In  tho  miimmnt  as  in  the  case  of  the  frog,  when  the  augmentor 
fibres  are  stimulated,  some  time  elapses  before  the  maximum  effect 
is  witnessed  and  Mie  influence  of  the  stimulation  may  last  some 
DonHiilemble  time  after  the  .stimulation  has  ceased. 

When  records  are  taken  of  the  behaviour  of  the  heart  during 
the  stimulation  of   afferent    nerves,  such  as    the  sciatic 
splanchnic,  the  records  shew  that  the  heart  may  beliave  very 
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in  ibe  same  way  qs  when  the  augmentor  fibres  are  direcily  stimu- 
lated;  there  is  fk  mnrlfi-d  increase  in  the  force  of  the  auricular  and 
ol  the  vi-ntrioular  systole,  nnd  at  tintes  an  obvious  acceleration  of 
tbtthythin.  We  luay  ivU-r  that  in  suoh  a  case  the  an^mentor 
fikm  are  thrown  into  activity  ibrwiKh  the  utl'ercnt  impulsea  as 
ptrtof  a  reflex  act.  At  the  same  time  it  luust  be  remembered, 
tkttlferent  impulses  may  increase  the  beat  of  thw  hwirt  not  by 
arititis  the  augmentor  mechanism,  but  by  deprotisiiig,  that  is 
liy  inhibiting  a  previously  existing  activity  of  the  oardio-inhibitory 
oaixe;  to  this  point  we  shall  again  have  to  refer. 

V(v  may  however  conclude  that  both  the  inhibitory  and  the 
saiflDMitor  mechanisms  of  the  hetirt  can  be  brought  into  action  by 
means  of  the  central  nervous  system.  S|)(iakin<;  broadly  the  ellect 
'{ the  former  i»  to  diminish  the  work  of  the  hetiit.  and  so  to  lower 
the  blood  preH8ure,  and  that  of  the  latt«r  to  increase  the  work  of 
ttwheart,  and  no  to  beighton  the  bl(»od  jirfsSMre. 

1 139.    If,  either  in  a  frog  or  a  mammal,  or  other  animal,  after 

tkCTagus  fibres  have  V)««n  proved,  by  trial,  to  prmluce,  upon  stimu- 

laioii,  the  usual  inhibitory  effects,  a  small  ipiantity  of  atropin 

^introduced  into  the  circulation  (when  the  experiment  is  con- 

teted  oa  a  living  animal,  or  be  applied  in  a  weak  solution  to 

Ike  heart    itself    when    the    exi>crimont   is    conducted,   in   the 

hf;for  inst»nc(-.  on  an  excised  heart  or  aftvr  the  circulation  has 

oued),  it  will  after  a  short  time  be  found,  not  only  that  the  slimu- 

luiM.the  application  of  a  curn^nt  for  instttnoe,  which  previously 

■In  applied   to   the   vagus   prrMlnced   marked   inhibition,  now 

{ndsces  no  inhibition,  but  even  that  the  strongest  stimulus,  the 

HMogest  cnrrent  applied  to  the  vagus,  will  wholly  fail  to  attect 

Ikl  bnrt,  provided  tnat  there  be  no  escape  of  current  on  to  the 

ordiac  tissues  themselves;  under  the  influence  of  even  a  small 

drm  ot  atropin,  the  strongest  stimulation  of  the  vagus  will  not 

fndiKe  standstill  or  apprer.-iable  slowing  or  weakening  o(  the  lieat. 

FtmhcT.  this  special  action  of   alnipin    on    the    heart   is   so 

I*  speak  complemented  by   the  action   of   muscarin,  the   active 

irindple  of  many  poisonons  mnshro<^ms.     If  a  small  quantity  of 

aoscarin  he  introihiced  into  the  circulation,  or  applied  directly  to 

iIk  heart,  the  beats  Wcome  slow  and  feeble,  and  if  the  dose  be 

adequate  the  heart  i»  bmnght  to  a  complete  standstill.    Tlie  effect 

a  in  some  respects  like  that  of  powerful  stimulatioti  of  the  wgns, 

Sam  tf,  in  a  frog,  the  heart  be  brought  to  a  standstill  by  a  dose  of 

■wctrin,  the  application  of  an  adequate  quantity  of  atropin  will 

hng  Wk  the  beat«  to  qnite  their  normal  strength  and  rh\-thm. 

Tbe  one  drag  is  so  far  as  the  heart  is  concerned  (and  indeed  in 

3r  etber  respects)  the  antidote  of  the  other,  Tliese  and  other 
t»  hare  been  takvn  to  indicate  that  there  exists  in  the  heart 
special  inhibitory  mechanism, and  that  it  is  through  this  special 
■Mdtaoifm  that  the  inhibitory  fibres  of  the  vagus  produce  inhibit 
tioo,  while  atropin  produces  the  effect  just  mentioued  by  pnralya* 
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io^  by  n.-nili:hti)-  iiica^Kilila  ot  activity,  and  tuuacarin  iU  eSect  by 
eiicitiiig,  stimulating  miu  uciivity.  this  same  inhibitory  mechaa- 
ism.  It  lias  (tirtlicr  \teKti  sn^geiil^  that  some  of  the  gaugUa  in  the 
Ii«iut  fuiiiisli  tlie  DieciianLsiu  in  i{UaBtioD.  And  it  has  l>c«a  sup- 
posed that  tliere  is  a  correnpoRding  augmeotm^  mechauistii.  But 
objections  may  lie  urged  against  this  view,  and  it  is  »atuT  to  leavo 
as  an  open  question  the  exact  miumcr  in  which  tulubitioD  and 
augmentation  are  brought  about 

One  point  is  perhaps  worthy  of  tueatioii.  We  have  seen 
that  inhibition  may  be  followed  by  a  phm>e  nf  iiicreased  activity, 
aad  that  on  th«  whole  the  bt^n  is  strengthened  rather  than 
weakened  by  the  ]>roiM!.'<.<,  while  on  ilie  other  hand  augtnentation  is 
followed  by  di^pres^ion  and  the  pToce;«  is  distioctlyan  exhaustins 
one.  Heuce  whatever  tie  the  exact  mechanism  of  iuhibition  and  of 
augtnentation,  whatever  be  tlte  particular  clcuiciit^  of  the  cardiac 
structures  which  are  concerned  in  the  one  or  lite  other,  augmenta- 
tion means  increased  expenditure,  inhibition  means  a  le<sene<l  ex- 
penditure, of  energy  on  IIk>  t«rt  of  the  muscular  tissue  of  the 
heart  Whatever  the  manner  in  which  the  respective  fibres  act, 
the  fifcct  of  the  activity  of  iJim  auguientor  fibres  is  to  hurry  oo 
the  downward,  catabolic  chiuiges  of  the  cardiac  tissue,  while  that 
of  the  inhibil/iry  fibres  is  ao  opposite  one,  and  we  may  probably 
say  that  the  latter  assists  the  constructive,  anabolic,  changes. 


Other  InJtuate€S  rt^tUatiag  or  madt/yiHy  the  Beat  of  the  Heart, 

§  140.  Important  as  is  the  regulation  of  the  henrt  by  the 
nervous  system,  it  must  be  borne  in  mind  that  otlier  ioHuonoes 
are  or  may  be  at  work.  The  beat  of  tlie  heart  may  for  instancs 
be  modified  by  influences  bL>aring  directly  on  the  nutrition  of  the 
heart  The  tissues  of  tlie  heart,  like  all  other  tissues,  need  an 
adi.ituat«  supply  of  blood  of  a  proper  quality ;  if  the  blix«J  vary 
in  quality  or  quantity  tlic  boat  of  tlie  heart  is  correspondingly 
affectad.  The  excised  frog's  htjeit,  as  we  have  swn.  continues  to 
beat  for  nome  coosiderable  time,  tliough  apparently  empty  of  blood. 
After  a  while  however  the  l>eats  diminish  and  eventually  disappear; 
and  their  disappearance  is  sreatly  hastened  by  washing  out  the 
heart  with  normal  saline  solution,  which  when  allowed  to  flow 
throngh  the  cavities  of  the  heart  n?adily  permeates  tlie  tlosues  on 
account  of  the  peculiar  oonatruction  of  the  ventncular  walbt.  If 
such  a  •  wa^he^l  out'  ijuieeoent  heart  be  fed  by  means  of  a  pertu- 
sion  cannula,  in  the  man»ar  described  (§  l&S).  with  diluted  blood 
(of  the  rabbit,  idieep,  &c),  it  ntay  be  restored  to  functional  acttritj. 
A  similar  bm  less  complete  restoration  may  be  witnessed  if  senim 
be  used  instead  of  blood;  and  a  heart  f^  regularly  with  fmh 
supplit^  of  Mood  or  even  of  serum  may  be  kept  beating  for  a 
itixy  great  length  of  time. 
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Now,  serum  is  as  we  huve  seen  a  very  complex  fluid  containing 
several  proteid^,  many '«xtnu:tivei(' ami  variniiit  innrganio  salt«. 
As  r^aras  prt>t«iils  ex))eniuenLs  ha-ve  ahewu  that  peptone  and 
albumose  so  far  from  being  boneBcial  ate  directly  poiHonouR  to  the 
heart,  that  paraglobuUn  is  without  effect,  but  that  serum-albumin 
will  mnintain  the  beats  for  n  long  tiine  and  will  restore  the  beats 
of  a  •  wmhod-out'  heart.  \Vb  might  infer  from  this  that  seruna- 
klbumiu  is  din'utlv  concerned  in  tliu  nutrition  of  the  cfirdiuc  tissue- ; 
but  we  are  mut  with  tlie  striking;  fact  that  a  frog's  hiiart  may  he 
maintained  in  vigorous  pulsation  for  many  tionr»,  and  that  a 
'  washed-out "  frog's  heart  may  he  re»tt>reil  to  vijfornus  puliation  by 
being  fed  with  normal  saline  fluid  to  which  a  calcium  salt  with  a 
trace  of  a  potassium  salt  haa  been  added.'  On  the  other  hand, 
aerum  from  which  the  calcium  salts  have  been  removed  by 
precipitation  with  sodium  oxalate  ia  powerless  to  maintain  or  to 
restore  cardiac  pulsations.  Obviously  in  the  changes,  whatever 
(hey  may  If,  thrmi;,'li  which  such  fluids  us  senim,  milk  and  the  like 
((or  milk  and  otlitr  llniiU  havel«i*ii  f mmd  eftii^if  nt  in  this  respect) 
maintain  the  beat  of  the  heart,  caK'iuni  snlls  play  nti  inijjortaiit 
part ;  and  it  is  t«mpting  to  connect  this  with  the  relation  of  calcium 
Baits  to  the  clotting  of  blood  (§  20).  We  are  not  however  justitied 
in  infcrriuR  because  serum  is  ineffective  in  the  ab.tence  of  calcium 
salts,  that  thi-  serum  albumin  is  useless ;  and,  indeed  the  bi^neficial 
effvctsof  the  calcic  saline  fluid  sre  not  so  complete  as  those  of  serum 
or  of  bloitl ;  moreover  the  pt>ssibli!  influences  of  the  various  cslrac- 
Un)s,8uc)ias  Kugikrf'>r  instance,  present  in  the  serum  have  to  lie  con* 
sMered.  We  may  in  adilition  call  to  mind,  what  we  said  in  tn^ating 
of  the  skeletal  mtiscli'^s  (§  81 ),  that  fatigue  or  exhaustion  may  have 
a  double  nature,  the  using  up  of  contractile  material  on  the  one 
hand  and  on  the  other  hand  the  accumulation  of  wa.ste  producta; 
and  the  nutritive  or  restt>rative  influence  over  the  heart  of  any 
material  may  bear  on  tlio  one  or  the  other  of  these.  Thus  the 
beneficial  effect  of  alkalies  is  probobly  in  part  due  to  their 
anbigmiizing  ttio  acids  which  as  wc  havu  seuti  am  bi'iug  constantly 
prmhioed  during  inuMiuUr  ontmctiun. 

In  the  various  experiments  which  have  he-en  made  in  thus 
feeding  heart.^  with  nutritive  and  other  fluids  two  fact«  worthy  of 
notice  have  Iteen  brought  to  lighL 

One  is  tliat  various  subaUnces  have  an  effect  on  the  mu»- 
cnlar  walls,  apart  from  tlie  direct  modification  of  the  contractions. 
The  ninscular  fibres  of  the  heart  over  and  above  tlii-ir  rhythmic 
contractions  are  capable  of  varvnng  in  length,  so  that  at  one  time 
Uiey  are  longer,  and  the  ohani)>ers  when  pressure  is  applied  to 
them  internally  are  dilnt«-d  beyimd  the  normal,  while  at  another 
time  they  are  sliorter,  and  the  chaml>ers,  with  the  same  internal 

I  By  Rlacn'*  Hrart-FliM.  (or  initunre,  ahich  ta  made  t>]r  lanraUnir  In  Ih«  cold 
■  filBMl  Wilai  •olaiinn  t*llii  p.  c.  Kiiliiim  olilori'le)  with  cxliiiuni  ptiMphSM,  snil 
aJdtni  lu  100  cc  ill  litt  tDJxtnrt,  i  c«.  ot  k  1  p.  c.  Mlntioa  of  potutlum  chlorhl*. 
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pressure,  are  contracted  beyond  the  normal  In  other  words,  the 
heart  possesses  what  we  shnll  spenk  of  in  ricfen.-nc«  to  arteries  aa 
tonicity  or  tonic  contraction,  and  the  nniotiiit  of  thl^  tonic  contrac- 
tion, and  in  conseijiience  the  capacity  of  llie  chamhers,  varies  nccord- 
iuf;  to  circuiniitanceN.  The  presence  uf  some  Biihslanoea  appenrs  to 
increase,  of  others  to  diminish  this  tonicity  and  thus  to  diiuini^h  or 
increase  the  capacity  of  the  chambers  during  diastole.  This  of 
course  would  have  an  elfect,  other  things  being  equal,  on  the 
output  from  the  heart  and  so  on  its  work ;  and  indeed  there  ia 
some  evidence  that  the  aupjwvnUjr  and  inhibitory  impulses  may 
also  aH'ect  this  tonicity,  hut  ol>st;r\'i;rs  iire  not  agreed  as  to  the 
manner  in  which  and  extent  to  which  they  may  ihiii  acU 

Another  fact  worthy  of  notice  is  when  the  heart  is  lhii»  artifi- 
cially fed  with  serum,  or  other  Huida  or  even  with  blood,  the  l>eals. 
whether  spontaneous  or  provoked  by  stimulation,  are  apt  to  become 
intermittent  and  to  arrange  themsefves  into  groups.  This  intermit- 
tence  is  possibly  due  to  tlw  fluid  employed  being  unable  lo  carry  on 
nutrition  in  a  completely  normal  manner,  and  to  the  consequent 
production  of  abnormal  chemical  sulistances ;  and  It  is  proliable  that 
cardiac  interroittences  seen  during  life  are  in  cttrtain  ca»us  thus 
brought  about  by  some  direct  interfon-nce  with  the  nutrition  of  the 
cardiac  tissue  and  not  through  extrinsic  nervous  iin|)ul!!;es  descend- 
ing to  the  heart  from  the  central  nervous  system.  Various  cheuiicfi] 
substance!*  in  the  blood,  arising  within  the  body  or  intrtiduced  as 
drugs,  may  thus  aHect  the  heart's  beat  by  acting  on  its  muscular 
fibres,  or  its  nervous  elements,  or  both,  and  that  probaldy  in  various 
ways,  modifying  in  dilFerent  directions  tlje  rhythm,  or  the  individual 
coDtntctions,  or  both. 

Concerning  the  effect  on  the  heart  of  blooil  which  has  not  been 
adequaf-dy  changed  in  the  lungs  we  shull  s|>eak  when  we  come  to 
treat  of  respiration. 

The  piiysicftl  or  mechanical  circumstances  of  the  heart  also 
atTect  its  beat ;  of  thesQ  ]>erbaps  the  most  important  is  the  amount 
oi  the  distention  of  it^  cavities.  The  contractions  of  cardiac 
muscle,  like  those  of  ordinary  muscle  {see  §  76),  are  increased  up 
to  a  certain  limit  by  the  resistance  which  they  ha\'e  to  overcome ; 
a  full  ventricle  will,  other  things  being  equal,  contract  more 
vigorously  than  one  less  full ;  though,  as  in  ordinary  inus>i!le,  the 
limit  iit  which  resisMncu  is  beneficial  muy  be  passed,  and  an  over- 
full ventricle  will  fail  to  ln-iit  at  all.  Hence  an  increase  in  the 
quantity  of  IiIoikI  in  the  ventricle  will  augment  the  work  done  in 
two  ways;  the  quantity  thrown  out  will,  unless  antagonistic 
inftuences  intervene,  l<e  greater,  and  the  increased  quantity  will  be 
ejected  with  crealer  force.  Further,  since  the  distentiuo. of  the 
ventricle  at  the  commencement  of  the  systole  at  all  events  is 
dependent  on  the  auricular  systole,  the  work  of  the  ventricle  (and 
so  of  the  heart  as  a  whole)  is  in  a  measure  governed  by  tlie 
auricle. 


I 
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Ad  interesting  combination  of  direct  mechanical  elTectft  and 
indirect  nervous  effects  is  seen  in  the  relation  of  the  heart's 
beat  to  blood  piessuro.  When  the  blood  pressure  is  high,  not 
ooly  is  the  resistance  to  the  venlricular  systole  increos^  but, 
other  things  bviug  cquiil,  inure  blood  flows  (in  thv  mammftlian 
heart)  tlin^ugh  lliv  coronarj'  arl^-rivs.  Ijuth  tlit;su  evi-uts  woald 
incrvaw  Um  iiuliviiy  of  the  heart,  and  we  mi^lit  expect  that  the 
increase  would  tie  tiiaiiifei<l  in  the  rate  of  the  rhyUiiu  as  well  a»  in 
the  force  of  Uie  individual  heats.  Aa  a  matter  of  fact,  however, 
we  do  not  find  this.  On  the  contrary,  the  relntion  of  heart  beat  to 
pressure  may  be  put  almost  in  the  form  of  a  law,  that- "  the  rate 
of  the  beat  is  in  inv«rs«  ratio  to  the  arterial  pressure;"  a  rise  of 
pressure  being  accoinpunicd  by  a  diminution,  uod  fall  of  pressure 
by  an  lucnjase  of  the  rate  of  the  rliy  thin.  This  however  only  holds 
jjood  if  the  vagus  nerves  In;  intact.  If  these  !«  i)reviou»ly  dividi^d, 
tfaeu  in  whatever  way  the  blood  pressure  iw  rai.sed  —  wlielher  by 
injeclinj:  bluod  or  clamping  the  aort^,  or  increasing  the  peripheral 
re»L->t.'inc*,  throuj-h  an  action  of  the  vaso-motor  nerves  whicli  wo 
shall  have  to  de^ril*  directly  —  or  in  whatever  way  it  be  lowered, 
no  such  clear  and  decided  inverse  relation  between  blood  pressure 
and  pulse-rate  is  oliHurved  It  is  inferred  therefore  that  increased 
bloou  pressure  cau^vs  a  sluwiuf;  of  ihv  btMt.  when  the  vagus  nen'es 
ore  intAcl.  Iwcuum;  the  cardio-inhibilory  oi.>ntre  in  the  medulla  is 
stimulated  by  tin-  liinh  prcsimn-,  i-ilhi^r  directly  by  the  prcssuro 
obtaining  in  the  blood  vessels  of  die  meiliilla,  nr  in  some  indirect 
Buuu«r,  and  the  heart  in  consequence  moie  or  less  iuhibiied. 


CHANGES  IN  THE  CALIBRE  OF  THE  MINUTE 

AitrUUES.     VASO-MOTOR  ACTIONS. 


§  141.  AU  arteries  contata  plain  muscular  Sbres,  for  the  most 
part  circularly  cUspoBed,  and  nif»9t  atniodiutt  in,  or  eometimes  al- 
most tJoUruly  conBued  to,  ihu  niiddlc  cuat.  Furlhcr  lu  tlio  arteries 
become  smaller,  the  muscular  elemeut  a;>  a  rule  becomes  more  and 
more  promineut  w  compared  with  tfii>  mhi^r  elemeals,  unljl,  iu  the 
minutv  arteries,  ttie  middle  coat  coiiMsti  altnoflt  entirely  u(  a  sunc« 
of  plain  mu^ular  tibresi  wrapped  round  the  internal  cnau  Nerve 
fibres,  of  whose  nature  and  course  we  shall  presently  speak,  are 
distributed  largely  to  the  arteries,  and  appear  to  end  cbie%  in  fine 

Elexustes  raunu  the  muscular  Bbres,  but  their  exact  terminations 
ave  not  aa  yet  been  clearly  made  out.  By  mechanical,  electrical, 
or  other  stimulation,  Ibis  muscular  crxtt  may,  iu  the  livin;;  artery, 
be  made  to  ountixct.  During'  tbi.'s  contnictioa,  which  has  the  slow 
character  belonging  to  the  contractions  of  all  plain  muscle,  the 
calibre  of  the  vessel  is  diminished.  The  veins  also  as  vtc  have 
seen  posses-i  muscular  elements,  but  these  vary  in  amount  and 
dUtributioR  very  much  more  in  the  veins  than  in  the  arteries. 
Most  veins  however  are  contractile,  and  may  vary  in  calibn 
aoconlin;'  to  tbt-  dKidition  of  their  muscuUr  eleroentaL  Veins 
are  also  supplii-xl  with  nerves.  It  will  be  of  advantace  however 
to  ocm'^ider  separately  the  little  we  know  conciTnin}*  the  changes 
in  the  veins  and  to  conHne  ourselves  at  present  to  the  changes  in 
tJie  arteries. 

If  any  indindual  small  artery  in  the  web  of  a  h«^s  foot  b« 
watched  und«r  the  microscope,  it  will  be  found  to  varj-  considerably 
ID  calibre  fmm  time  t^  time,  bvin^  sometimes  narrowed  and 
sometimes  dilated;  and  t)M^!«e  chanj^-s  may  take  place  without 
any  oWtous  cliant^-t  either  in  ihe  Iteart  IvM  or  in  the  general 
circulation ;  they  are  clearlv  changes  of  the  artery  it«clf.  During 
the  narrowing,  which  is  obviously  due  to  a  contnction  of  the 
mn^ular  coat  of  the  artery,  the  c.-ipitbries  fed  by  the  artery  and 
llie  vt;ins  into  which  these  kad  become  less  filled  with  blood,  and 
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therefore  paler.  During  the  widening,  whicli  corresponds  to  the 
rulitxAlioii  of  the  muscular  coat,  the  saiiifi  part»  are  fuller  of  blood, 
and  redder.  It  is  obvious  that,  the  pressure  at  thfi  t^iiLranoe  into 
any  given  artery  remaininjj  the  same,  more  blomi  will  enter  the 
artery  when  relaxation  takes  place,  and  consequently  the  resijitance 
offered  by  the  artery  is  diiuinished,  and  less  when  contraction 
occurs,  and  the  nisiHtuucu  is  oonsoqucutly  increased;  tho  blood 
Bows  in  the  directiuD  of  least  resLstaucu. 

The  extent  ftnd  intensity  of  the  narrowtnf;  or  widening,  of  the 
coDstrictiou  or  dilation  which  may  thua  be  obswrved  ia  ihe  frog's 
web,  vary  very  largely.  Variations  of  slight  extent,  either  more  or 
less  iv^gular  and  rhythmic  or  irregular,  occur  even  when  the  animal 
is  apparently  subjected  to  no  disturbing  causes,  and  may  be  spoken 
of  as  spontaneous ;  kr^r  changes  may  follow  events  occumng  in 
various  parts  of  the  body ;  while  as  the  result  of  experimental 
intvrftrniiice  the  arteries  may  beuome  cither  constricted,  iu  some 
cnwK  almost  to  nlditiimtion,  or  dihit^-d  until  they  acquire  double 
or  mgre  than  double  their  normal  diameter.  This  constriction  or 
dilation  may  bti  brought  about  not  only  by  tre.itnii;iit  applied 
directly  to  the  web,  but  also  by  changes  atTecting  the  nerves  of 
the  leg  orother  parts  of  the  body.  Thus  section  of  the  nerves  of  the 
lez  is  generally  followed  by  a  widening  which  may  be  alight  or 
which  may  be  very  marked,  and  which  is  sometimes  preceded  by 
a  pafsins  onstrictiou  ;  while  stimulation  of  the  peripheral  stump 
of  a  divided  nerve  by  an  interruptt^d  currcut  of  moderate  in- 
tensity gives  rise  to  constriction,  oftisu  so  groat  as  almost  to 
obliterate  »ome  of  tlie  miuuie  nruirJes. 

Obviously.then,  the  contractilemuscular  elements  of  the  minute 
arteries  of  the  web  of  the  frog's  foot  are  capable  by  contraction  or 
relaxation  of  causing  decrease  or  increase  of  the  calibre  of  the 
arteries ;  and  this  condition  of  constriction  or  dilation  mav  be 
brought  about  through  the  agency  of  nerves.  Indeed,  not  only  in 
the  frog,  but  also,  and  still  more  so,  in  warm  blooded  animals,  have 
weovidcnra  tliat  in  the  ca-sc^ifn  very  large  number  of.  if  not  all.  the 
arteries  of  thu  }>i>ily,  the  condition  of  tho  muscular  coat,  and  so  the 
calibre  of  the  arl-i  v  i-.  i,'overned  by  means  of  nerves ;  these  nervea 
have  leoeived  tic    :■  ^^  iil  name  of  rttso-niotor  nrrett. 

§  142.  If  th<:  ear  of  a  rabbit,  preferably  a  light  coloured  One, 
be  held  up  before  the  light,  a  fairly  conspicuous  ariery  will  be  seen 
running  up  the  middle  line  of  the  ear.  accompanied  by  its  broader 
and  mure  obvious  veins.  If  this  artery  bo  carefully  watched  it  will 
be  found,  in  mo#t  instances,  to  be  undergoing  rhythmic  changea  of 
calibre,  constriction  alternating  with  lUlation.  At  one  moment  the 
artery  appear*  as  a  delicate,  hardly  visible  jnle  striNik,  the  whole 
ear  Iteing  at  the  same  tim«  pallid.  Aft^-r  a  while  the  artiTj-  slowly 
widens  out,  becnmea  broad  and  n>d,  the  whole  mit  blushing,  and 
many  small  vessels  previously  invisible  coming  into  view.  Again 
Ihe  utery  narrows  and  the  blush  fades  away ;  and  tliis  may  be 
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repeatiMi  at  Botuewhat  irre^'ular  intervals  of  a  uiiiiute.  more  or  less. 
Tbti  vxUut  and  rvgulariiy  of  tku  rliyibiu  are  usually  uarkedly 
incrvasud  if  the  mbbit  be  held  up  by  the  ears  for  u  short  time 
previous  to  the  ol)3ervation.  Similar  rhythmic  variatious  in  the 
calibre  of  the  arteries  have  been  observed  in  several  regions  of  the 
body,  ^J!:.  gr.  in  the  vessels  of  the  meseulery  and  elsewhere  \ 
probably  they  are  widely  spread. 

Sometimes  no  such  vuriatious  are  sol'o.  the  artery  remains 
coustAut  in  a  cuuditioii  intenuedinlo  butwovii  the  more  extreme 
widiming  and  extn^mu  narrowing  ju«t  duscribud.  Id  fact)  we  may 
speak  of  an  artery  as  being  at  any  given  lime  iu  one  of  three 
phases.  It  may  be  very  constricted,  iu  which  case  its  muscular 
fibres  are  very  much  contracted;  or  it  may  be  very  dilated,  iu 
which  case  its  muecolar  fibres  are  relaxed ;  or  it  may  be  mode- 
rately constricted,  the  muscular  fibres  being  contracted  to  a  certain 
extent,  and  rumaiuing  In  such  a  condition  that  they  may  on  the 
one  baud  [toss  into  stronger  contraction,  leading  to  marked  con- 
striction, or,  on  tlie  otiier  hand,  into  diatiuct  relaxation,  leading 
to  diluLiuu.  We  have  reason  to  think,  as  we  shall  sec,  ihut  many 
arterites  of  the  body  are  kept  habitually,  or  at  least  for  li>ng 
periods  together,  in  this  intermediate  condition,  which  is  frs* 
quently  siKiken  of  as  tonic  contraciwn  or  tonus,  or  arttriai  tone. 

§  113.  If,  now,  in  a  vif^orous  rabbit,  in  which  the  heart  is 
beatmg  with  adoquatu  strength,  and  the  whole  circulation  is  in  a 
satisfactorj'  condition,  the  ovrvical  sympathetic  nerve  W  divided  aa 
one  sidv  of  the  neck,  remarkable  changes  may  be  obscrvi-d  in  llie 
blfxid  ves«'ls  of  the  ear  of  the  same  side.  The  arteries  and  veins 
widen,  tJiey,  ti^igether  with  the  small  veins  and  the  capillBries, 
become  full  of  blood,  many  vessels  previously  invisible  come  into 
view,  tlie  whole  ear  blushes,  and  if  tlte  rhythmic  changes  descrilfed 
above    were    previously  going  on.  these  now  cease ;    in   conse- 

3uence  of  the  extra  supply  of  warm  blood  the  whole  ear  becomes 
istinctly  warmer.  Xow,  these  changes  take  place,  or  may  take 
place,  without  any  alteratiou  in  tlie  heart  iMUit  or  in  the  genera) 
circulation.  Obviously  the  arteries  of  the  ear  have,  in  conse- 
quence of  the  section  of  the  nerve,  lost  the  ionic  contraction 
which  previously  existed ;  their  muscalar  coats  previously  some- 
what contracted  have  become  quite  rcLased.  and  whatever  rhythmic 
contractions  were  previously  going  on  have  ceased.  The  more 
marktn]  the  previous  tonic  contraction,  and  the  mon  vigorous  the 
heart  beats,  so  that  thero  is  sti  adequate  supply  of  blood  to  till  the 
widened  channels,  the  moT\;  striking  the  result.  Sometimes,  as 
when  the  heart  is  focble,  or  the  pre-e.'ti.tting  tonic  contraction  is 
slight^  the  Miction  of  the  nerve  produces  no  very  obvious  change. 
If  DOW  tl>e  upper  »egtnent  of  the  divided  cervical  sympathetic 
MPre,  that  is  the  portion  of  the  nerve  passing  upwards  to  the  head 
•nd  ear.  be  laid  upon  U>e  electrodes  of  an  induction  machiue,  and  a 
gentle  interrupted  curtvut  be  scot  through  the  nen'e,  fresh  changes 
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take  plaoe  in  the  blood  ve«s«]s  of  the  ear.  A  short  time  after  the 
applicntiou  of  ihe  cumiiit,  for  in  tliin  efftxl  there  is  a  Iat«ut  period 
of  vory  appreciable  duration,  the  ear  grows  paler  and  cooler,  many 
ttnaU  veeseLi,  previously  conspicuous,  become  again  invisible,  the 
main  artery  shrinks  to  the  thinaeal  thread,  and  the  main  veins 
become  correapondinHly  small.  Whoa  the  current  ia  shut  off  from 
tlie  nerve,  these  effecLs  still  last  somu  tiinv,  hut  eventually  pa»s 
off;  the  (tar  redduns,  blusbus  oncc  tavrv,  and,  indued,  mxy  bvcoine 
even  n^ldur  and  hotter,  with  the  ve«»eU  more  tilled  with  bloiKl 
than  hcforc.  Obviouitly  ilm  current  has  generated  in  the  cervical, 
tyiujKitiietic,  nerve  impuli«e5  which,  passing  upward  to  the  ear  and 
fiudint;  their  way  to  the  muscular  coats  of  tlie  arteries  of  the  ear, 
have  thrown  the  muscles  of  chose  coats  into  forcible  coutractions, 
and  have  tlius  brought  about  a  forcible  narrowing  of  the  calibre  of 
tlie  art*^rit?s,  a  forcible  constrictioo.  Through  the  narrowed  con- 
stricted arteries  less  blood  fmds  its  way,  and  heuce  thi.':  jmlcDcss 
and  coldnvss  of  the  ear.  If  the  impulse's  thus  gencrot<-d  be  very 
strong,  the  constriction  of  the  srtcrius  may  Ite  so  great  that  the 
smallest  quantity  only  of  blood  can  make  its  way  through  theiu, 
aud  tlie  ear  may  become  almost  bloodles.<t.  If  the  impulses  be 
WMk  Ibe  constriction  induced  may  be  slight  only ;  and,  indeed,  by 
careful  ntani puliation  the  nerve  may  be  induced  to  send  up  to  the 
ear  impulses  only  just  sutHcienlly  strong  to  restore  the  moderate 
tonic  constriction  which  existed  before  the  uorve  was  divided. 

We  infer  from  these  oxperiments  that  amoug  the  various  nerve 
libn;s  making  up  the  cervical  sympnthutic,  Uicnj  are  certain  fibres 
wbi<:h,  passing  upwards  to  the  head,  become  oonnecttid  with  the 
arteries  of  the  ear,  ami  that  these  fibres  are  of  such  a  kind  that 
iuipulses,  generat«!«l  in  them  and  passing  upwards  to  the  ear.  loud 
to  marked  contraction  of  the  muitcular  fibres  of  the  arteries,  and 
thus  produce  constriction.  These  fibres  are  vaso-motor  fibres  for 
the  blood  vessels  of  the  ear.  From  the  loss  of  tone,  so  frequently 
following  section  of  the  cervical  sympathetic,  we  may  further  infer, 
that,  uonually  during  life,  impulsus  of  a  gentle  kind  are  continually 
passing  along  these  fibres,  upwards  thmiigh  the  cervical  sympathe- 
tic, which  impulses,  n>ai-hing  the  arteries  of  the  ear,  maintain  the 
normal  toneof  tiiose  arteries.  Hut.  a«  we  said,  the  existence  of  this 
tone  is  not  constant,  and  the  effeota  of  the.«e  tciiic  impulses 
are  not  so  conspicuous  as  those  of  the  artificial  constrictor  in- 
pulsBB  generBted  by  stimulation  of  the  nerve. 

§  IM.  The  above  results  are  obtained  whatever  be  the  region 
of  the  cervical  sympathetic  which  we  divide  or  stimulate  between  the 
U|>perM(l  the  lower  cenical  ganglion.  Wo  may  theix-forv  describe 
tbese  vaso-motor  impulses  as  panning  upwanls  from  tlie  lower  cor- 
vical  ganglion  along  the  cervical  sympathetic,  to  the  upp<!r  c*^'rvical 
ganglion,  from  which  they  issue  by  branches  which  ultimately  find 
their  way  to  the  ear.  Bat  these  impulses  do  not  start  fmm  the 
lower  cervical  gar^lion ;  on  the  contrary,  by  repeating  the  experi- 
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sympathetic  are  enclosetl  in  a  common  slicalb  so  as  to  fonn  what 
appears  to  ha  a  singli?  trunk),  wliicb  n;(ic;li  the  gland  in  company 
with  the  arteriL's  BUpplying  ihu  glanJ  {a.  sifm.  sm).  On  the 
other  hand  it  n:ci-ivcs  iihres  fruin  a  small  nvrve  calk'd  the  cltordet 
tijmpani  (ch.  I.),  which,  springing  from  the  7lh  orutiiul  (facial) 
iiurvc,  crossi-s  the  Ijmpatnim  of  the  ear  (hence  the  name),  and, 
joining  the  lingual  branch  of  the  5th  nerve,  nmo  for  Home  distance 
in  company  with  that  nerve,  and  then  ends  partly  in  the  tt^ngue, 
and  partly  in  a  small  nerve  which,  leaving  the  lingual  nerve  hefore 
rtaching  the  tongue,  runs  along  the  duct  of  the  submaxillary 
gland,  and  is  lost  in  the  substance  of  the  gland;  a  small  branch 
is  also  given  off  to  the  sublingual  gland. 

Now,  when  the  chorda  tympani  is  simply  divided,  no  very 
remarkable  changes  take  place  in  the  blotHi  vessels  of  the  gland, 
but  if  the  iH-ripliLTJil  segment  of  the  divided  nerve,  that  still  in 
connection  with  the  gland,  he  stimulated,  very  mnrked  results 
follow.  The  small  arteries  of  the  gland  become  very  much  dilated, 
and  the  whole  gland  becomes  Hushed,  (As  we  shall  see  later  on 
the  gland  at  the  same  time  Beeri'tcs  saliva  copiously,  but  this  does 
not  concern  us  just  now.)  Changes  in  the  ntlibre  of  the  blood 
vessels  are,  of  course,  not  so  readily  seen  in  a  compact  gland  as  in 
a  thin  ext^^nded  ear;  but  if  a  fine  tube  be  placed  in  one  of  th« 
small  vvins  by  which  the  bhwid  returns  from  tJie  gland,  the  effects 
on  the  blood  How  of  stimulating  the  chorda  tympani  become 
very  obvious.  Before  stimulation  the  blood  trickles  out  in  a  thin, 
slow  stream  of  a  dark  venous  colour ;  during  stimulation  the  blood 
rushes  out  in  a  raj'id  full  streau).  often  with  a  distinct  pulsation, 
aud  frequently  of  a  colour  which  is  still  scarlet  and  arterial  in 
spitQ  of  the  blood  having  traversed  the  capillaries  of  the  gland; 
the  blood  rushes  so  rapidly  through  the  widened  blooii  vessels  that 
it  has  not  lime  to  undergo  completely  that  change  from  arterial  to 
venous  which  normally  occurs  while  the  blood  is  traversing  the 
capillaries  of  the  gland.  This  state  of  things  may  continue  for 
some  time  after  the  stimulation  has  ceased,  but  before  long  the 
flow  from  the  veins  slackens,  the  issuing  blood  becomes  darker 
and  venous,  aud  eventually  the  circulation  becomes  normal. 

We  shall  have  Occasion  later  on  to  xpeak  of  the  nervi  erignites, 
the  stimnliition  of  which  gives  rise  to  the  erection  of  the  [>enis.  The 
erection  of  the  [wnis  is  partly  due  to  a  widening  of  the  arteries 
supplying  the  peculiar  erectile  tissue  of  that  organ,  whereby  that 
tissue  becomes  distended  with  blood,  and  the  widening  is  brought 
about  by  impulses  passing  along  the  nerves  in  questioru  Obviously 
the  chorda  tympani  and  the  nervi  erigentcs  contain  fibres  whicti 
we  may  speak  of  as  'vaso-motor'  sinri:  stimulation  of  them 
produces  a  change  in,  brings  about  a  movement  in  the  blood 
vessels;  but  the  change  jToduced  is  of  a  character  the  very 
opposite  to  that  produced  in  the  blood  vessels,  of  the  ear  by 
stimulation  of  the  cervical  aympathetic.    There  stimulation  of  the 
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nerve  caused  contraction  of  the  miiscular  fibres,  coustriotion  of 
the  small  arterieo  ;  here  Htiinulntion  of  the  nerve  causes  a  widen- 
ing of  the  arteries,  which  widening  ia  undoubtedly  due  to  relaxa- 
tion of  tJie  muscular  ttbrea.  Hence  we  tnuat  dintingniith  Ijotwucn 
two  kinds  of  vasii-motor  fibres,  fibres  the  RtiniuUtion  of  which 
produces  (.'ODStriclioD,  vnto-conMrktor  fibres,  nnd  tibres  the  fttiinit* 
laliun  of  which  cuusus  ihv  artcriita  to  dilate,  rato-dilator  tibreji, 
the  one  kind  bvitij;  the  ftnta;^<ini.st  of  the  ulht-r. 

§  IM.  In  the  chorda  lympaiii,  the  vaso-motor  fibres  are 
exclusively  vaso-dil«tor  fibres,  and  ibis  is  true  both  of  the  part 
of  the  nerve  ending  in  the  submaxillary  and  sublingual  glands, 
and  the  rest  of  the  ending  of  the  nerve  in  the  tfmgne.  >St)mula- 
tioo  of  the  chorda  tympani  (so  far  as  the  vaso-niotor  functions  of 
the  nerve  are  coDceruud,  for  it  haa,  as  we  shall  see,  other  func- 
tions), at  any  pari  of  its  course  from  its  leaving  the  facial  nerve 
to  xiA  endings  in  the  gland  or  tongue,  produces  only  vaso-dilator 
efrecl»,  never  vaso-constrictor  effects.  The  cervical  sympathetic 
on  the  other  liand  is  not  enclusivoly  vit8f>-con  stridor.  It  con- 
tains as  we  have  seen  vaso-constrictor  fibres  for  the  ear.  It  also 
contains  vaso-conslrictor  fibres  fnr  other  regions  of  the  hend  and 
face.  For  instance  tlie  branches  nf  the  cer^'ical  sympnthelic 
gotng  U>  the  Hulimaxillary  gland  of  which  we  just  spoke  (Fig.  78 
n,  jym.  am\  conuin  vaso-constrictor  fibres  for  the  vessels  of  the 
gland ;  stimulation  of  these  fibres  produces,  on  the  vessels  of  the 
gland,  an  effect  exactly  the  opposite  of  that  produced  by  stimula- 
tion of  the  chorda  tympani;  to  this  point  wc  shall  have  to  return 
when  we  deal  with  the  gland  in  connection  with  digestion.  And 
we  might  give  other  instances;  in  fact  the  dominant  effect  on 
the  blood  vessels  of  stimulating  the  cervical  sympathetic  is  * 
T&s(K;onstricU>r  effecL  There  are  however  certain  cases  in  which 
the  opjH):^it«  efTeot,  a  vaao-dilator  effect,  in  certain  regions  has 
been  obs^-n-ed  as  the  resiilt  of  stimulating  the  cervical  sympa- 
thetic. And  we  may  now  turn  to  other  nenes  in  which  such  a 
double  effect,  now  a  vaso-constrictor,  now  a  vaso-dilator  effect, 
may  be  more  readily  obtained. 

In  the  frog  aa  we  have  seen,  division  of  the  nerves  of  the  leg 
leada  to  a  widening  of  the  arteries  of  the  web  of  the  foot  of  the 
same  aide,  and  stimulation  of  the  peripheral  end  of  the  nerve 
ean»C9  a  constriction  of  the  vcswls,  which,  if  the  stimulation  he 
Mrong,  may  be  m  gre«t  that  the  web  appears  for  the  time  being 
to  be  devoid  of  bliyML  Also  in  a  mammal  division  of  the  sciatic 
nerve  causes  a  similar  widening  of  the  small  arteriea  of  the  skin 
of  the  leg.  Where  the  condition  of  the  circulation  can  be  readily 
examinea,  as  for  instance  in  the  hairless  balls  of  th«  toes,  spe- 
cially when  tht-w  ari'  not  pigmented,  the  vessels  arc  seen  to  bo 
dilatiMl  and  injected ;  and  a  tficrmomcter  plac«-d  lietwecn  the  toes 
shews  a  rise  of  t«mi"-iaturo  amounting,  it  may  Ik-,  to  several 
degrees.     If  moreover  the  peripheral  end  of  the  divided  nerve  be 
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stimulated,  Uie  vessels  of  tho  skin  Income  constricted,  the  sktu 
grows  pale,  and  the  t*tin{»eriitiire  "f  the  foot  falls.  And  veiy  siinilRr 
results  iiri!  obtained  in  the  fuTelimli  by  division  and  siiKte(|uenC 

sLiiuiilmimi  of  the  nerves  of  the  brachial  plexus. 

Tho  qtinntit;  of  blix>d  prcM'iit  in  the  blood  vchhaIs  of  u  part  of  tho 
body  or  'if  an  or^tan  of  the  iiiaininul  ni»y  8umi'tiin<.'«  he  obKfrvuil 
directly  by  mitiinn  <if  ihi;  iileihiismoijraph,  •.•{  which  we  have  iilro«dj 
g|i(ik<^ii  (I  KM),  but  has  frccjuuiitly  to  he  dc-li^rmiiii'd  iiidin--rtly.  The 
tcinppratiirc  of  it  jiiissive  structure  aubjt'cl  to  ciiiiinK  iuHuenoea,  such 
■a  tlie  »kin,  ii  hirgi-ly  ilupt'iidL-ijl  on  lli«  aupijly  of  blood;  thu  more 
abundant  the  su|i|ily,  the  wnrmvr  ihe  (lurt.  Keuue  in  thuHa  piirts 
Tnrintions  in  the  quantity  of  blood  may  be  interred  from  variations  of 
temperntiin:;  hut  in  dealing  with  uiori-  active  atni<;tnn.-a  mich  as 
miitcli's  th^re  am  obvionsly  snurcM  of  error  in  the  posaibiljty  of  the 
lrciatni<>nt  udopted,  snch  na  thu  stimulation  uf  a  nc-rvu,  giring  risu  to 
■ui  incieajie  of  tonperntuni  duo  to  iucieosed  mutabulium,  iudepuudent 
of  vfLTiBtions  in  blood  supply. 

So  far  the  results  are  quite  like  those  obtained  by  division  and 
stimulaiion  of  the  cervical  sympathetic,  ttud  we  iui<^lil  infer  that 
the  sciatic  nurvu  and  bnchiul  plexus  eunlnin  viiso-cunstrictor 
fibres  only  for  the  vessels  of  the  »kin  of  the  hind  limb  and  fore 
limb,  vasodilator  fibres  Ijeing  absent,  liut  sonietiinaH  a  difTerenl 
result  is  obtained;  on  stininlating  the  divided  sciatic  nerve  the 
vesseU  of  the  foot  are  not  constricted  but  dilated,  perhaps  widely 
dilated.  And  this  vaso-<lilator  action  is  almost  sure  to  I)e  niaiii- 
tested  when  the  nerve  is  divided,  and  the  peripheral  stump  stimu- 
lated seme  time,  two  to  four  days,  after  division,  by  which  timo 
commencids  degcuuralion  \i&^  l^ogun  to  modify  the  irritability  of 
the  ner^'c.  For  vxatDplc,  if  the  sciatic  be  divided,  and  some  days 
ufturwards,  by  which  lime  the  t1ushiti(;  and  increased  tvmpcra- 
lure  of  the  toot,  (oUowing  upon  the  section,  has  whidly  or  lar^-vdy 
passed  away,  the  peripheral  stnmp  lie  stimulated  with  an  inter- 
rupted  current  a  renewed  tJushing  and  rise  of  temperature  is  the 
resulL  We  are  led  to  conclude  that  the  sciatic  nerve  (and  the 
same  holds  good  for  the  brnchiiil  plexus)  contains  both  vaso-con- 
strictor  and  vaso-dilator  til)re9,  and  to  interpret  tho  varying  result 
as  due  to  varintiouB  iu  the  relative  irritability  of  th«  two  sets  of 
fibres.  The  constrictor  filirci  appear  to  predominate  in  theso 
Derves,  and  hence  constriction  is  the  more  ocnimon  result  of 
stituulation ;  the  constrictor  fibres  alto  apfiear  to  be  tnore  readily 
sfTecled  by  a  tetani/ing  current  than  do  the  dilator  fibres.  When 
the  nerve  after  division  commences  to  degenerate  the  constrictor 
fibres  lose  their  irritability  earlier  than  the  dilator  fibres,  so  that 
fit  a  certain  stage  a  stimulus,  such  as  the  interrupted  current, 
whdc  it  fails  to  affect  the  cuusLrictor  Hbres,  readily  throws  into 
action  the  dilator  fibres.  The  latt«r,  iude<.'d.  appear  to  retain  their 
irritability  «f  tvr  sectioD  of  the  oerve  for  a  much  longer  lime  thao 
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do  oixlinary  motor  Derves  (§  78).  T)i«  result  is  perlinps  even  stUt 
more  striking  if  a  mechanical  stimulus,  sucli  a»  tliai  uf"criiDp- 
ing "  the  nerve  by  repeateti  snips  will)  the  .tcis-sors,  be  etnployvd. 
Kx|iaeure  to  a  low  tem|>erature  again  seenis  to  depress  the  coD* 
strictors  niun;  than  the  dilators  ;  hence  when  tlie  log  is  placed  in 
ice-cold  wulur  stitnulaliou  o(  thu  sciatic,  even  when  the  nerve  ha* 
Ih^-u  but  rt-c-i^uLlj'  liividvd,  throws  the  dilator  only  into  action  and 
produces  tliiithiug  of  thv  skin  with  blood.  Slow  rhythmical  atima- 
lalion  moreover  of  even  a  fre»ldy  divided  nervv  may  product)  dila- 
tion. And  there  are  other  facta  which  support  Uie  same  view 
that  the  sciatic  nerve  (ami  brachial  ]>Iexns)  contains  both  vaso- 
coaatxictor  and  vaso-dilator  tibres  which  are  difTerenlly  alT<.'Ct4id  by 
different  circumstances. 

In  the  splanchnic  nerves  which  supply  fibres  to  the  blood  ve»- 
aela  of  so  large  a  part  of  the  abduminal  viEceni,  there  is  abundant 
evidence  of  tlie  prvtcncv  of  voso-cuustjicUir  fibres,  division  of 
this  nerve  leads  to  u  widcuiuf;  of  ttiu  blutHl  vl'i^hcU  of  the  a)jdo- 
luinai  viscera,  stimulation  of  tlii- nerve  l<>  a  constriction;  and  as 
we  sJiall  see,  wnce  llie  amotinl  of  blootl  vtssttis  thus  ni>vernod  by 
this  nerve  is  very  largi^  indeed,  interference  eitlit^r  in  the  one 
direction  or  tlic  other  with  its  vastnmotor  funclion.t  prfjdwcejt  very 
marked  results,  not  only  on  the  circulation  in  the  abdomen  but 
on  the  whole  vascular  system.  There  is  eome  evidence  that  the 
splanchnic  ncrvx-s  also  couuin  vaso-dilator  fibres,  but  this  evi> 
denct-  is  of  a  niorv  or  less  indirect  churactur,  and  in  njiy  case,  the 
Dumber  of  such  librps  must  1>e  small. 

So  far  as  wc  know,  the  vH!su-moU>r  fibres  coDtAined  in  the 
sciatic  niid  (he  like  spinal  nervi^s  are  distributed  chlelly  al  least 
to  the  blooil  ve:^d«U  of  the  skin.  Though  so  lar^  a  part  of  ibc 
fibres  of  the^  nerves  end  in  the  muscle.*,  the  evidence  of  vaso> 
motor  fibres  piaasing  to  the  blood  vessels  of  ihe  niuscleit  is  by  no 
tDeADS  clear  and  nndisputed.  The  blood  vessels  of  a  muscle  un- 
donbtedly  may  change  in  calibri-.  For  inslflnc«.  when  n  muscle 
contracts  there  is  always  un  increased  flow  of  Wood  tlirough  the 
muscle;  tills  nuiy  be  in  part  a  mere  im-clinniail  result  of  the 
chanKu  of  form,  the  short«niu^  and  thickenin^j  of  tlie  libru'«  open- 
ing oat  tlie  miuute  blood  vessels,  but  is  also,  if  not  chiefly,  due  to 
tliv  widening  of  the  Arteries  by  relaxation  of  their  muscular  walla. 
Such  a  widening  may  be  seen  when  a  thin  muscle  of  a  frn^  is 
made,  in  the  living  body,  to  contiact  under  the  microscope.  But 
this  widening  hai«  not  been  proved  beyond  dispute  to  be  due  to 
the  action  of  vasoKlilator  fibres.  Indeed  it  has  been  aigued  that 
when  a  muscle  contracts,  some  of  the  chemical  products  of  the 
metabolism  of  the  muscle  may.  by  direct,  local  action  on  the 
minute  blood  vessels,  lead  to  a  widening  of  those  blood  vessels. 
And  in  some  other  orgnns,  the  braiti  and  the  kidney  for  instance, 
ve  find  functional  aitivitr  acoorapkniircl  by  a  widening  <'f  the 
blood  vessels  under  circutusUiaoM  which  seem  to  preclude  the 
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possibility  of  the  wideniDg  lieing  due  to  vago-diUtur  iuipulses 
reaching  the  oi^nn  from  without;  in  Riich  instances  it  is  sug- 
gested that  the  widening  is  due  to  a  local  etfect  of  the  products 
of  the  activity  of  the  organ.  To  this  point  we  -ihall  retnrn.  With 
regard  to  vaao-constrictor  fibrea  aho  the  evidence  that  they  are 
supplied  to  niuHctea  is.  in  like  maQner,  not  beyond  dispute. 
Section  or  stiniulatjoo  of  tbv  nerves  induces  it  is  true  chtingus  in 
the  temperature  of  the  muscks  ns  it  d'vM  iu  that  of  the  skin. 
Itut,  as  we  ur^^ed  just  now,  to  ar^ue  from  this  that  chaiifies  in  the 
blood  supply  have  taken  place  is  ni>t  wholly  safe;  innri-over  the 
chanj^as  iu  temperature  observed  are  .i!i)j;hL  Again,  the  fact  that 
when  the  nerve  of  a  muaele  is  divided  the  blood  vessels  of  the 
muscle  wideii,  soniewliat  like  the  blood  vessels  of  the  ear  after 
division  of  the  cervical  sympathetic,  has  been  brought  forward  as 
indicating  the  presence  of  vaso-constrictor  ttbnj^carryiuR  tho  kind 
of  influence  which  we  called  tonic,  leading  to  au  habitual  moder- 
ate constriction.  Neither  arguments  tan  be  regarded  na  abso- 
lutely conclusive.  The  knowledge  we  pu-isess  at  present  leaves 
us  in  fact  in  doubt  whether  the  bloiHl-tlow  throuj^h  the  muscles, 
though  Iht^se  form  so  Urge  a  part  of  the  body,  is  really  governed 
by  the  central  nervous  system. 

The  two  parts  of  the  body  undoubtedly  and  pre-eminently  sup- 
plied by  \'aso-con stricter  libtes  proceeding  from  and  governed  by 
the  central  nervous  system  are  on  the  one  hand  the  skin  and  on 
the  other  hand  the  abdominal  viscera.  As  we  shall  see,  the  vari- 
aliens  in  the  blood  supply  to  the  skin  are  mure  strikingly  of  use 
to  the  body  at  large,  in  regulating  the  temperature  of  ihe  body 
for  instance,  than  they  are  to  the  »kin  itself.  The  variatious  in 
the  blood  supply  to  the  abdominal  viscent  also  serve  important 
general  purposes ;  they  play  thi-ir  part  in  the  regulation  of  tho 
temperature  of  the  body,  and  through  them  the  viscera  serve  as 
a  reservoir  to  which  blood  may  without  harm  !«  shunted  when 
oocation  demands.  It  would  appear  as  if  the  vaso-constricl^r 
medianisni  were  chiefly  used  for  the  general  purposes  of  the 
economy. 

Accepting  the  view  that  the  presence  of  \'aso-dilator  fibrea  in 
the  nervoi  going  to  muscles  is  not  definitely  proved  and  disregard- 
ing the  scanty  and  more  or  less  oI>6Cure  vaso-dilators  of  the  sciatic 
and  other  spinal  mtrves,  we  lind  that  in  special  cases  only,  in 
rases  where  it  would  seem  that  sjiecial  means  are  needed  to 
secure  an  ample  How  of  blo<id  through  a  particular  part,  unmis- 
takably \'aso-dilator  tibres  are  present 
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§  147.     Both  the  va^o-constrictor  and  the  vaso-dilatnr  fibres 
have  their  origin  in  the  ceotral  nervous  system,  the  spinal  cord 
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or  Uie  biain,  l>ui  it  will  bu  dfisirnble  to  spoak  of  the  course  of  the 
two  seUt  Hejiaratfllj^. 

Viiso-cQuadrKlor  FUrea,  In  the  mniiiiiial,  so  far  as  \\i>  know 
U  pivsdtit,  all  the  vafiOK^ons  trie  tor  fibres  for  tlie  whole  bmly  take 
their  origin  in  th»  middle  region  of  the  eipinal  cotil,  or  lather, 
lesvi;  the  spiiiul  cord  by  the  nerves  belonging  to  this  middle 
Kgiou.  Thu»  in  the  dog  the  vaso-constriclor  tibres,  not  only  (or 
the  tnnik  Ittit  for  the  Uiubs,  h<Mid,  faire  and  tail,  leave  the  spinal 
cord  by  the  atiteri^tr  roots  of  tlie  spin^il  nt-rves  reaching  fi-oni 
alwut  the  second  tlioracic  to  the  fourth  lumbur  nerve,  both  inclu- 
sive, though  some  few  may  pass  by  the  first  thoracic  and  by  the 
fifth  liiiubar. 

Thuse  fur  the  head  and  neck  leave  the  «pinnl  cord  fts  we  have 
seen,  §  144,  chioHy  by  the  second  and  third  thoracic  nen'ea, 
thou<;h  some  leave  by  the  fourth  and  a  variable  small  nunil>er  by 
UiH  lifth  and  by  the  tirHt;  those  for  the  lore  limbs  leave  by-  a 
number  of  thoracic  nvrv'os  reaching  from  the  fourih  to  the  ninth 
or  uvin  [he  tenth,  those  by  the  scvt^^iitb  being  the  most  numerous. 
Those  for  the  liind  liiitt>$  leave  by  Ihc  nerves  reaching  (rum  the 
elftveiith  thora(nc  to  the  tbinl  lumbar,  some  [lasaing  by  the  tenth 
tlioracic  and  the  fourth  lumbar.  Tlnwe  for  the  tail  leave  by  the 
Srst>  second  and  third  lumbar.  And  tbo^e  for  tlie  trunk  leave 
by  the  successive  spinal  n«rv-es  supplying  the  trunk.  This  ar- 
nuigeiiient  may  be  taken  as  indicating  ^lenerally  how  tlie)<e  lil>T«s 
leave  the  spinal  cord,  tmnring  in  mind  that  the  fourth  InmLiar 
nerve  of  xXxt  d<^  conesiponds  to  about  the  second  lumbar  of  mnn, 
and  that  the  details  ditter  in  ditTerent  kiitds  of  animals  and  indeed 
in  different  individuals. 

Running  in  the  case  of  each  nerve  root  to  the  mixed  ncn-e 
trunk  tlte^te  vasoconstrictor  fibres  puss  alon^  the  visceral  branch, 
white  ramus  communicana,  to  the  thoracic  and  abdominal  sympa- 
thetic gao};lia  (Fij;.  72>.  From  thence  they  ri'ach  their  destina- 
tion in  various  ways.  Thuji,  lho«!  f;"in[^  to  the  liead  and  neck  pass 
upward  throaf-l'  lJ>*  anuulus  of  Vieussen.t  to  the  lower  cervical 
ganglion  and  thcitoe,  as  we  have  seen,  up  the  cervical  sjrmpa- 
tbelic;  many  of  the  fibres  for  the  neck  however  pass  diiectly 
I  from  the  stellate  ganglion.  Thotte  for  the  abdominal  visocni  pass 
off  in  a  similar  way  by  the  splanchnic  nerves.  Fig.  72,  ahd.  tpl. 
and  by  amaller  nerves  joining  the  inferior  mesenttric  ganglion. 
Those  destined  for  the  arm,  making  their  way  biickwanls  by  grey 
rami  commnnicantea(Kic.  23  r.i'.),join  tho  nerves  of  (he  brachial 
plexas;  while  those  for  tite  hind  leg  pass  in  a  similar  way  through 
•ome  portion  of  tho  abdominal  sv-mpathetic  \>etoK  they  JMn  the 
nervea  of  the  sciatic  plexus.  TheM  as  we  have  seen  are  dis- 
tributed cbii^lly  U>  tlie  skin,  and  the  conntrtctor  fibres  of  the  akin 
of  tlie  trunk  proliably  reach  the  spinal  nerves  in  which  they 
nltiinately  run  in  a  similar  manner.  All  the  vaso^conslnctor 
Bbres,  whatever  their  destination,  leave  the  spina]  cord  by  tho 
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anterior  roota  of  spinal  nen'es,  snd  then  passing  tbroagh  the 
appropriate  viswral  brnnches.  join  the  thoracic  or  abdominal 
gympnlhcLic  );uii;,-lia.  In  th«ir  coorw  tb«  tibnai  undergo  a  re- 
in ark  u  bin  chatigu. 

.;Vl«ii<;  the  anterior  root  and  along  the  visceral  branch  they  are 
mi.'dullatt-d  iihres,  but  before  they  reacli  the  blood  vc«»cl8  for 
which  ibey  are  destined  ther  become  nf>n-in»lullat«d  fibrvs;  they 
ap])ear  to  lose  tlieir  medulla  in  some  or  other  of  the  gsuglia. 

We  are  in  many  cases  able  to  determine  experimentally  by  the 
following  method,  the  ganglion  or  ganglia  in  which  particular 
fibres  end.  tliat  is  to  say  in  which  they  become  connected  with 
nerve  cells.  It  U  found  that  the  drui^  nin>tin  aboliahea  or  sus- 
pends tlic  action  of  vaso-mulor  fibres  and  »[  other  fibres  ninniug 
in  tile  sympathetic  system.  Thus  in  a  rabbit,  after  a  certain  dose 
ot  nicotin  h<is  Imvu  given,  stimulation  of  the  cer^'lcal  sympathetic 
nerve  in  the  neck  do  longer  causes  constriction  of  the  vessels  of 
the  car.  But  it  is  found  in  such  cases  that  though  Atimulalion  of 
the  trunk  of  the  nerve  in  the  neck  i-t  without  etfecl.  Hlimulaiion 
of  tlie  appropriate  nerve  branches  pa'jiing  off  from  the  superior 
cervical  ganglion  on  their  way  to  the  ear.  does  produce  constric- 
tion of  the  vessels  of  the  ear.  Obviously  the  nicotin  does  not 
affect  the  peripheral  fibres  and  endings  of  the  nerve,  but  some 
part  of  the  nerve  more  central  than  the  branches  procwidin^;  from 
the  sugwrior  oervic;d  ganglion.  Further,  if  the  gimglion  itielf  be 
cautiously  painteil  with  a  weak  (1  pc)  suluiioii  of  nict^tin,  care 
being  taken  to  avoid  excess,  stimulation  of  the  ni^rve  in  th<?  neck 
has  no  effect  on  the  vessels  of  ilte  ear,  whereas  if  the  nicotin  be 
applied  to  a  corre-sponding  extent  to  the  trunk  of  the  ner\'e  in  the 
neck,  none  being  allowetl  to  have  aoce-ss  to  the  ganglion,  .ttimu- 
lation  of  the  trunk  in  the  neck,  even  if  applied  to  the  verv  spot 
oo  which  the  nicotin  has  been  placyd,  produces  the  usual  con- 
striction of  the  vessels  of  the  car.  iJbviousIy  the  nicotin  produoes 
its  priralysing  effects  by  acting  on  the  nerve  ct-lls,  or  on  the  Kbres 
just  as  they  are  becoming  connected  with  uer^'e  cells.  If  the 
solution  of  nicotin  be  applied  not  to  the  upi«r.  but  to  tlie  middle 
or  to  the  lower  cervical  ganglion,  stimulation  nf  the  nerve  lictween 
the  ganglion  and  the  spinal  cord  produces  the  uitiial  constrictor 
effects.  This  shews  that  the  constrictor  libres  pass  through  the 
lower  and  the  midiile  ganglion  as  tibre**.  not  connected  with  cells, 
otherwise  they  would  he  here  affected  by  nicotin :  they  are  atfected 
by  nicotin  in  the  upper  gftnglion.  and  we  therefore  inter  that  they 
end  in,  that  is.  are  connected  with  cells  in  that  ganglion,  lu  the 
SBtoB  way  it  may  be  found  thai  the  vasivcon stridor  fibres  of  the 
abdominal  splanchnic  are  eonnecU-d  with  cells  in  tlie  solar  plexus. 
Indc'cd  by  this  method  wo  may  determine  in  what  ganglia  the 
vaso-constrictiif  and  other  fibres  ot  the  »ynii>athelic  system  end; 
and  a  itmarkable  distribution,  deti^rmined  by  morphological 
causes  among  others,  has  in  this  way  been  made  out,  some  fibres 
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very  speedily  becominR  connected  with  nen-e  cells,  others  run- 
niup  a  v«ry  luiij;  owurst;  before  they  so  end. 

5  148.  Vafo-iiilator  Fibres.  Some  af  these  appear  to  run 
much  the  same  coiiTy«  u*  thu  vuso-coustricturs.     Such  are  the 

i(«uo-dilntor  tibtvK  running;  in  s}iiiiul  ni-tvea  like  the  sciatic  and 
chial,  ihoi*e  whicli  Het^iii  m  he  pre^-nt  is  the  splanchnic,  itnd 

[.eeriain  fibres  of  the  cervical  syinpnlUotic  which  in  some  anioiaU 
least  *ct  as  vaso-dilators  towardii  cvrtain  purta  of  the  mouth 
'  face.     With  regard  to  these,  the  evidence  of  whose  existence, 

'  M  we  have  seen,  is  at  least  in  nto.H[  ca^cs,  <litt)ciih,  sjicciiil  ur 
indirect,  vre  have  at  present  no  pr<K)f  that  their  gt!iit:ral  course  is 
itiaUy  dilfet\-tit  from  that  of  the  constrictiirn. 
The  more  dwlinct  and  notable  vaBo-dilators  however  do  run  a 

fdiffercnt  course.  These  are  found  in  the  nerves  coming'  from  the 
cranial  and  sacral  regions  of  the  centra)  nervous  system  whence, 
as  vru  liave  seen,  no  va»o-cunstrictor  fibres  arc  known  to  issue. 

^Tbus  tJie  vast>-diUtor  libie-s  fur  the  sub-maxillnry  gland  running 

fin  lite  chorda  tympani  may  be  traced  as  we  hnvi?  seen  iwick  to 
the  facial  or  seventh  nerve;  and  the  contintiation  of  the  chunU 
tyiupani  along  the  Itnfriial  nerve  to  the  tonijuc  contains  vasodila- 
tor fibres  for  that  organ ;  when  the  linfinnl  i»  stimulated,  the 
blood  vessels  of  the  ton^ne  ditatt^  owing  to  the  stimulation  of  the 
conjoined  chorda  tym[>ani  fibre.i.  Tlie  ramns  tymiianicus  of 
the  gla»80|iharyngRal  nerve  contains  vaso-dilator  fibres  for  the 
parotid  glan<),  and  it  appears  probable  that  the  trigeminal  nerve 

f  cootaina  vajto-dilator  fibres  for  the  eye  and  nose  and  possibly  for 
other  parts.  The  vaso-dilator  fibres  which  pass  into  the  7ii:ri;i 
trigmtt*,  leave  the  sacral  region  of  the  ord  by  the  anterior  root* 
of  the  sacral  nerve>',  the  pfirliciilar  nerves  differing  in  dilVcrent 
animals :  thus  in  the  dog  and  mt  they  pass  by  the  flritt.  feivimd 
and  third,  m  Ihe  mbbit  by  the  w^fond,  third  and  fourth,  in  man 
by  ibe  third,  fourth  and  lifth  suicml  nerves. 

In  these  in>itanc«.<  the  vasonlilafir  fibres,  as  they  leave  the 
oeotral  nervous  system,  are,  like  the  vaso-constrictor  fibres,  tine 
niediillnt«d  fibres,  but  unlike  tlie  majority  at  least  of  the  vnso- 
eonotrietors  they  retain  their  medulla  for  the  greater  part  of 
their  course  and  only  loiie  it  near  their  termination  in  ihv  tissue 

Inrhoee  blood  vessels  they  supply. 


Tht  EjfteU  of  Vato-vtotoT  Aetiont. 

i  149.     A  very  little  consideration  will  shew  that  vaso-motor 

is  a  most  impottiuit  fnctor  in  the  circulation.     In  the  first 

the  whole  How  of  bh«xl  in   the   body  is  adapted  to  and 

IgOTWned  by  what  wc  may  call  the  grneral  tofu  of  the  arterioe 

of  the  body  at  large.     In  a   normal   condition  of  tiie  body,  the 

miuealar  fibres  of  a  very  large  number  of  the  minnte  an«ries 
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of  till!  budy  are  in  a  $tate  of  tonic,  U4,oi  luuduruhi,  coatrsction. 
and  il  it  ttie  iiftrrowing  due  to  this  coutniotioii  wliich  (unus 
u  luTge  item  of  that  peripheral  lesiatance  which  we  have  muu 
to  lie  one  of  the  great  factors  of  blood  pressure.  The  nor- 
mal general  blood  pressure,  and  ther>.'fore  the  normal  tlow  of 
Mood,  ia  in  fact  dependout  on  the  '  gimi-ral  tune '  of  the  minute 
arteries. 

In  the  second  place  local  va-to-iiiotor  chauges  in  the  condi- 
tion of  ths  minute  arburies.  changi^,  thai  i»  to  say,  uf  auj  par- 
ticular vfiscular  arua,  have  very  decided  efl'eeia  on  the  circulatiou. 
Thi'sc  chitn}{<^tM,  though  local  ihemgelve.'^,  may  have  eti'ects  which 
ar«  both  local  and  geueral,  as  the  following  considerations  will 
shew. 

Let  U.4  suppose  that  the  artery  ^  is  in  a  condition  of  normal 
tone,  is  midway  lietween  oxtremu  couatriction  and  diluliuu.  The 
flow  through  A  is  deU-rmiticd  by  the  reviatance  in  A  and  iu  the 
vascular  tract  whidi  il  supplii.'S,  in  relation  lo  tlui  mean  arterial 
preasurv,  which  iu.nuti  is  dcpcndunl  on  the  way  iu  which  the  heart 
IB  beotiu)*  and  on  tlie  pftriplieral  re.ti.^Lance  of  all  llii^  .iitialt  arteries 
and  capillaries,  A  iiicludi^d.  If,  while  the  heart  and  the  rest  of 
the  arteries  remain  unchanged,  A  be  conHlricted.  the  peripheral 
resi.'ttaiice  in  A  will  increase,  and  this  iucreaae  of  resistance  will 
lemi  to  an  increase  of  the  Rcncral  arterial  pressure.  Since,  aa  we 
have  seen.  §  101,  il  is  arturial  pressure  which  is  the  immediate 
cause  of  the  tlow  from  llii;  arU^riat  to  the  vL-iris,  tliis  increase  of 
artvriul  pressure  will  tend  to  drive  umrtt  hlooil  from  the  arteries 
into  the  veins.  The  constriction  of  .-I  however,  by  increasing  the 
resistance,  opposes  any  increase  of  the  ttow  through  A  itself,  in  fact 
will  make  the  tlow  through  A  less  than  before.  The  whole  increase 
of  discharge  from  the  arterial  into  the  venous  system  will  lake 
place  through  Ihe  arteries  iu  which  the  resistance  remains  un- 
changt'il.  that  is.  through  clmuucls  other  tlian  A.  Thus,  a.t  the 
result  of  thi!  ci>iistriction  of  any  arttTV  there  occur,  (1)  diminished 
Bow  through  the  artery  ilJKilf.  (2)  incn-ased  general  arterial 
pnwsure,  leailtng  to  (3)  increased  ilow  through  the  other  arteries. 
If,  oil  tlie  other  hand,  A  be  dilated,  while  the  heart  and  other 
arteries  remain  unchanged,  the  peripheral  resistance  in  yf  is 
<Uniini!<he(L  This  leads  to  a  lowering  of  the  general  arte-rial 
pressure,  which  in  turn  tends  to  drive  less  blood  from  the  arteries 
mlo  the  veins.  The  dilation  of  A  however,  by  diminishing  the 
resistance,  permits,  c\'en  with  the  lowered  pressure,  more  blood  to 
pass  lh^>ugh  A  itaelf  than  liefure.  Heuce  the  diminished  flow 
tells  all  the  more  oo  the  rest  of  the  arteries  in  which  the  resistance 
remains  uticlmnged.  Thus,  as  the  result  of  the  dilation  of  any 
artery,  there  occur  (1)  increased  flow  of  blood  through  the  artery 
itself,  (2)  diminished  general  pressure,  and  (3)  diminished  flow 
tlirough  the  other  arteries.  Where  the  artery  thua  constricted  or 
dilated  ia  small,  the  local  vtfect,  Ibu  dimtaution  oi  increase  of  flov 
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throogh  its«1f.  is  much  morv  marked  thao  tiic  Keneml  eiTecte,  the 
chan^L'  in  lilood  pressure  and  the  tluw  (liruugli  otlier  nrtvnes. 
When,  howi-ver,  ttiit  an-a  the  arteries  of  whiclj  are  atffct«tl  is  large, 
Llie  fr»-iii?ral  ett'f  cts  are  very  striking.  Thus  if  while  a  tracing  of 
the  blo<)d  presHuria  is  being  taken  by  meanx  of  a  Mianomeier 
coanecied  witli  the  carotid  arterj',  the  abdominal  splanchnic  nervea 
be  divided,  a  conspicuous  but  steady  ffdl  of  prL>ssim:  is  observed, 
v«ry  siiuil&r  to  but  luorv  marked  than  thut  which  is  shewn  in 
Fig.  74.  TIh:  section  of  tht;  abdaniiiinl  epUinchiiiv  iiL-rvLV  causoe 
th*  !![■  il.  f  \hf.  alxhiniinal  vijicera  to  dilat<.-.  and  these  being 
vi-rt'  ;:::.u  <":  .;  laTf^-  iiuiouRt  of  penpht-ml  re-^i.-'laiioc  is  taken 
away,  «iiil  tiie  iAooil  pre^iire  falln  accordingly ;  a  laraie  increase 
of  flow  into  the  portal  veijis  takes  place,  and  the  supply  of  blood 
to  the  fa<.'8.  arms,  and  le^^s  is  proportionally  diminished,  it  will 
'<be  obeerved  that  the  dilation  of  the  arteries  is  not  instantaneous 
jt  somewhat  (^duid,  as  shewn  by  the  pressure  sinkiu;;  not 
apUy  but  with  a  gcnlh  cur^'f. 

The  g*tni>ral  vffi'Cls  on  blwxl  pri-saure  by  vaso-motor  changes 
I  fto  iiinrked  that  the  manonwHT  may  I*  usiil  to  detwt  va»i>- 
ar  acttotiH.  TIiuk,  if  the  Ktimulalion  of  a  particular  nerve  or 
any  other  operation  leads  to  a  marked  rise  of  the  mean  blood 
pressure,  unaccompanied  by  any  notable  changes  in  the  heart  beat, 
we  may  infer  that  constriftion  has  taken  place  in  the  nrteriea  of 
Dine  considvrable  vascular  an?a;  and  similarly,  if  the  eflcct  be 
,  fall  of  blood  pressun-,  wc  may  infer  that  coustrictiou  has  gives 
tj  to  dilalioa. 


Vavt-motor  I\tncti<m»  0/  the  Central  Ktrmua  Syttem. 

5  UO.  The  central  nervovis  (iy)iti?!n],  to  which  we  have  traced 
:  vtM^mol'ir  nerves,  niak<-tt  use  of  th<^»ie  nervtbt  to  rt-^ulal«  the 
»w  of  blo<Ml  through  th«  various  organit  and  ]»irts  '>f  the  body; 
tlie  local  elTeclA  thus  produced  it  assiata  or  otherwise  intluencea 
be  functional  activity  of  this  or  that  organ  or  tissue;  by  the 
general  effiscta  it  secures  the  well  being  of  the  body.  When  tlie 
vaso-dilators  arc  brought  into  play  the  chief  effect  is  a  local 
one ;  when  a  general  t.-H'e<;t  has  to  be  produced  the  %'asocon- 
slrictors  are  employed,  though  these  of  course  al^o  bring  about 
local  effects.     And  we  may  consider  the  two  separatt-ly. 

The   vaso-dilator   nerves,   the   use   of   which   i«  more  gimple 

that  of  the  vaso<oni>trictont  in  so  far   a.i   it  appears   not 

be  complicated  by  the  presence  of  habitual  tonic  inftuencea. 

iir  as  parts  of  distinct  mechanisms  used  chiefly   at   least  as 

ex  mcchnni<<ms,  with  oentrvs  placed  in  different  regionn  of  the 

itntl  uer^'■>uH  systi'm.     Thus,  when  food  is  placed  in  the  mouth 

^afferent  impuloi*.;,  gt-ni-mted  in  the  nerv'cs  of  tnstu,  give   rise   in 

Uie  central  ner>'otu  system  to  effei«nt  impulses,  which  descend 


278  USE  OP  VASODILATOR  FIBRES.  [BooE  i. 

the  chordi  Ijiupwii  and  other  nerve*  to  the  sftlivuy  glands  *d<1. 
by  diliiliiifj  the  blnod  vessels,  secuis  a  onpiouK  dow  of  blooil 
iiiruii^i  tlie  glantU  while,  aa  we  shall  aee  Uter  on,  they  excite 
tlie  ffUnd!*  to  secrete.  The  ceotre  of  this  retlex  action  apjiears 
to  lie  in  the  spinal  bulb  and  may  be  thrown  into  activity  not 
only  by  impuUea  reaching*  it  alun<>  tlie  spe<;itic  nvrvi-s  of  taste, 
but  also  t^  impolses  possiug  along  other  cliannel^;  thus,  emotionB 
etarted  in  tli«  brain  by  tli«  sight  of  fooil  or  otherwise  may  give 
rise  U>  iiupulsttt  |>a»niiig  down  along  the  central  nenous  systtem 
itscH  l(>  the  itpinal  bulb,  or  events  in  the  stomach  may  send 
im|iiil.'<'^-.4  tip  the  vA^;\xi<  nerve,  or  stimulation  of  one  kind  or  another 
inay  send  impulses  up  almoAt  any  sentient  nerve,  and  these 
varinus  impuUea  reaching  the  spinal  bulb  may.  by  ruflex  action, 
throw  into  activity  the  vaao-dilator  libn»  of  the  cliorda  tympani 
and  other  analogous  nervoT,  and  bring  about  a  flushing  of  the 
salivary  glands,  while  at  the  same  time  they  csui<«  the  glands  to 
secrete. 

The  vaso-dilator  Gbn»  of  the  uervi  erigentes  may  be  thrown 
into  activity  in  a  similar  rellex  way,  the  centre,  which  U  also 
ea«ily  thrown  intoactivity  by  impulses  deitcending  down  the  spinal 
cord  from  the  brain,  being  placed  in  the  sacral  and  perhaps  also 
in  tJte  up[)er  lumbar  or  lower  tliotucic  r^ion  of  tJie  spinal  cord. 
That  such  a  centre  does  exi^t  is  shewn  by  the  fact  that,  when 
ill  8  dog  the  spinal  cord  is  completely  divided  in  the  thoracic 
legion,  erection  of  ttic  ]>vtiis  may  readily  Us  brought  about  by 
stimulation  of  appropriate;  st^ntienl  surfaix-^.  And  other  instances 
might  be  quot<.-d  in  which  vaso-dilatur  libr<»  appear  as  part  of  a 
retle.\  niBchanisni  the  centre  of  which  is  placed  is  the  ountial 
nervous  system  not  far  from  the  origin  of  the  nerves  in  which  the 
va.KMlilator  tilires  run. 

§  151.  Tuniing  now  to  the  vaso^Minstriccor  fibres  ««  find 
that  thew  form  a  more  coherent  system ;  and  this  is  in  accordance 
with  the  ft^turo  of  the  voso^onBlricior  mechanisms,  that  they  are 
largely  employed  to  produce  general  elfecta  Moreover  their  utility 
is  incrcawd,  though  at  the  same  time  their  use  becomes  somewhat 
mvni  com  plicated,  by  reason  of  the  existence  of  tonic  influences: 
sinue  the  sama  libres  may,  on  the  one  hand,  by  an  increase  in  the 
impul^^  pa-ssing  along  liicin.  be  thp  nioaue  of  constriction,  and 
on  the  other  hand,  by  the  removal  or  diminution  of  the  ionic 
influences  passing  along  them,  be  the  means  of  dilation.  We  Ita^'e 
ulnMidy  traced  all  the  vaso^conatxictor  fibres  from  the  middle 
regi<pn  of  the  spinal  cord  to  the  sympathetic  system  in  the  thorax 
and  abdomen;  from  thence  they  pass  (1)  by  the  splanchnic, 
bypngastric,  and  other  nt-rves  to  the  viscora  of  tbu  a1><l<:inii.*n  and 
pelvis,  (concerning  llie  vaso-motor  nerves  of  the  thoracic  viscera 
we  know  at  present  very  iitlle\  f2l  by  the  oerxical  sympathetic 
to  the  skin  of  the  tiead  and  neck,  the  salivary  glands  and  month, 
tlw  eyes  and  other  parts,  and  possibly  the  brain  including  its 
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mombrnnes.  Uiough  the  prcwncc  of  vaso-motor  fibres  in  th« 
brain  iUvlf  U  much  ilisputeJ.  (3)  by  the  brachial  and  scinlic 
p1eMiM;«  to  tht;  skin  of  the  fore-  and  hind-Iimbii,  and  by  various 
other  nerves  to  the  skin  of  the  trunk.  The  chief  parts  of  the 
body  fiiipplied  by  vaao-conatriftor  fibres  appear  to  be  the  skin 
with  its  appendages,  and  the  alimentary  canal  with  its  appcntbiges, 
glandular  and  other;  the  great  ma£s  of  skeletal  muscles  appears, 
ns  wc  have  seen,  to  roceivu  a  rvlaliwly  sumll  supply  of  vaso-con- 
St  riot  or  fibrvs. 

If  in  an  animfil  the  spinal  cord  be  divided  in  the  lower  tlionicio 
r^iou,  the  «kin  of  the  legK  becomes  tlu»hcd,  their  U^rininTHture 
fre<iuently  rise^.  anil  there  is  a  certain  amount  of  fall  in  thu 
general  blood  pressure  as  measured,  for  instance,  in  the  carotid  ; 
and  this  state  of  things  may  last  for  some  considerable  time. 
Obviously  the  section  of  the  spinal  cord  has  cut  off  the  usual  tonic 
influences  descfudiDg  to  the  lower  limbs ;  in  conseouence  the 
blood  vessels  have  become  dilated,  in  conse(]uencc  llic  ^<(-neral 
peiiplicral  resistance  has  become  projM>rtionat«ly  diminished,  and 
in  eon»e<i»ence  the  general  blood  pressure  hn»  fullen.  The  tonic 
v««o-oonstrictor  impulses  for  the  lower  limbs,  therefore,  have  their 
origin  in  the  central  nervous  system  higher  up  than  the  lower 
UkOTacie  region  of  the  spinal  cord. 

If  the  spinal  cord  be  divi<led  higher  np.  say  above  the  roots  of 
the  fifth  or  sixth  thoracic  nerves,  the  cutaneous  blood  vessels  of 
the  lower  limbs  dilate,  ns  in  the  former  case,  and  on  examination 
it  will  be  found  that  the  blood  ve:>t<t^ls  of  the  abdomen  are  also 
largely  dilated  ;  At  the  same  time  the  blood  pressure  undergoes  a 
rery  marked  fall,  it  may  indei^d  be  reducetl  to  a  veiy  few  luilli- 
meters  of  mercury.  (Jbviously  the  tonic  vaso-constrictor  impulses 
pa^ini;  to  the  abdomen  and  to  the  lower  limbs  take  origin  in  th« 
central  nervous  system  higher  up  than  the  level  of  the  fifth 
thoracic  ner^-e. 

If  the  section  of  the  spinal  cord  be  made  above  the  level  of 
the  second  thoracic  nerve,  in  oddilion  to  thu  abovemcntioned 
rasnlts  tlie  vessels  of  the  head  and  face  also  become  dilated ;  Irat 
in  ooDsequence  of  the  fall  of  general  blom)  pie^siiTe  just  mentioned, 
jttlieM  tmmIs  never  become  so  full  of  blood,  the  losa  of  tone  is  not 
Mobvionsin  them  as  after  simple  division  of  the  cervical  sym- 
pathetic, since  tlie  latter  operation  produces  little  or  no  effect  on 
the  general  blood  pressure. 

Obviously  then  the  tonic  vaso-constrictor  impulses,  which 
passing  to  the  skin  and  viscera  of  the  body  maintain  that  tonic 
narrowing  of  so  many  small  arteries  by  which  the  general  peri- 
pheral rc»i  stance,  am)  solhe  general  I>1(mn1  pre.i^un-.  is  miiintainedL 
proceed  from  some  j«art  of  the  ccnlml  ner^'ouK  sy8b>m  higher  up 
than  the  upj>er  thoracic  region  of  the  spinal  cord.  And,  since 
exactly  the  same  results  follow  upon  section  of  the  spinal  cord  in 
the  cervical   region   right  up   to  the  lower   limit  of  tlte  spinal 
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bulb,  we  infer  tliat  these  tonic  impulses  proceed  from  Iba  spioal 
bulb. 

On  the  other  hand  we  maj-  remove  the  whole  of  the  brain 
right  down  to  the  upper  limils  of  the  spiaal  bulb,  and  jvt  produce 
no  (lushing,  or  ouly  n  sliRht  traiisicnt  Pushing,  of  any  jmrt  of  the 
body  and  no  full  ut  all.  or  only  a  »li<jht  transient  fall,  of  the 
genera]  blood  pressure.  Ww  tliLTuforo  eeum  justified  in  aaauinlog 
the  existence  iu  the  spinal  bulb  of  a  nc-n'ous  centre,  which  we 
may  spuak  of  as  a  vam-motvr  centrr,  or  the  bulbar  vaso-motor 
centre,  from  which  proceed  tonic  vasoconstrictor  impulses,  or 
whi<jh  regulates  the  emission  and  distribution  of  «uch  tonic  vaso- 
ConKtrictoT  iinpulaea  or  intluences  over  various  parts  of  th«  body. 

§  152.  The  oKistt'ucc  of  this  vnso-motor  centre  may,  moreover, 
be  shewn  in  anolhor  way.  Tho  i'xt*.'iit  or  amount  of  tin;  tonic 
constrictor  itnpulsoa  proceeding  from  it  may  be  increaeud  or 
diminished,  the  activity  of  the  centre  may  be  augmented  or 
inhibit«d,  by  impulses  reaching  it  along  various  afTorent  nerves; 
and  provided  no  marked  changes  in  the  heart  bi-at  take  place  at 
the  same  tinti>,  a  rise  or  fall  of  general  bloo.!  prwwure  may  be 
taken  as  a  token  of  an  increase  or  decrease  of  the  activity  of  the 
ceutre. 

In  the  rabbit  there  is  found  in  the  neck,  lying  side  by  side 
with  the  cervical  sympathetic  nt-rvc  and  niuning  for  somt:  distance 
in  company  with  it,  a  slundur  nerve  which  may  be  uldinatcly 
traced  down  to  the  henrt,  and  which,  if  traced  upwards,  is  found  to 
come  off  somewhat  liigh  up  from  the  vagus,  by  two  or  more  rootSt 
onu  of  which  is  generally  a  branch  of  tbii  superior  laryngeal  nerve. 
This  nerve  (the  fibres  constituting  which  are  In  tliu  dog  bound  up 
with  the  vagus,  and  do  not  form  an  independent  uvrvi;)  appears 
to  be  exclusively  an  afferent  nerve ;  when  after  <livisiun  of  the 
nerve  the  peripheral  und,  the  end  still  in  connection  with  the 
heart,  is  stimulated  no  marked  results  follow.  The  beginnlngii  o( 
the  nerve  in  tho  heart  are  therefore  quite  different  from  the 
endings  of  the  inhibitory  fibres  of  tho  vagus,  or  of  the  augnieutor 
6bre«  of  the  sympiilbutic  system;  the  nerve  has  nothing  to  do 
with  the  nervous  regulation  of  the  heart  treated  of  in  Sea  5. 
If  now,  while  the  pressure  in  an  artery  such  as  the  carotid  is  being 
registered,  the  central  end  of  the  nerve  (i.t.  the  one  connected 
with  the  brain)  Vie  stimulated  with  the  interrupted  current,  a 
gradual  but  marked  fall  of  pressiirr- (Fig.  74)  in  the  carotid  ia 
observed,  lasting,  when  the  periiHi  of  simulation  is  short,  some 
time  after  the  removal  of  the  stimulu!i.  Since  the  beat  of  the 
heart  is  not  markedly  changed,  the  fall  of  pressure  must  bo  due  to 
the  diminution  of  peripheral  resistance  occasioned  by  tlie  dilation 
of  some  arteries.  And  it  is  probable  that  the  arteries  thus 
dilated  are  chietlv  if  not  exchisively  those  arteries  of  tho  ab- 
domin.tl  viscera  which  are  governed  by  the  splanchnic  nerves;  for 
if  Uiose  nerves  are  divided  on  both  sides  previous  to  the  experi- 


fn.74.  Thaciko.  ■iikwiKO  TUB  F.PPKCT  OH  Bifvin  rnBHiirRii  or  •rrvrijkTij'o 

IN*  CKXIKAL   KXlf  Or  rilt   tlKPKKAHOK    NkKIK    IS    IDB    KiUBIT. 

Os  tke  time  marker  below  the  inten'nis  cormpond  to  muronilA.    At '  M>  interinpccd 
cainnt  vtiu  lliruwn  into  tb«  nert*. 

in  question  have  so  affected  some  part  of  the  oentTft3  nervons 
sjrstem  that  the  influences  which,  in  a  normal  condition  of  things, 
passing  alon^  the  splanchnic  nervea  keep  the  minute  arteries  of 
thv  abdominal  risccni  in  a  Btfit«  of  moderate  tonic  constriction, 
fail  altugcther,  and  those  arteries  in  conscquvnce  dilate  just  as 
they  do  whon  the  splanchnic  nerves  are  divided,  the  effect  heing 
possibly  incrua-ted  by  the  similar  dilation  of  other  va:tcular  an*aa. 
Since  stimulation  of  the  nerve  of  which  we  are  speaking  always 
produces  a  fall,  never  a  rise  of  blood  preafinre,  the  amount  of  fall 
of  course  being  dependent  on  circumstances,  such  as  the  condition 
ot  the  nervous  system,  state  of  blood  pressure  and  the  like,  the 
nerve  is  known  by  the  name  of  the  depressor  ncr\'e.     As  we  shall 

Kint  out  later  on,  by  means  of  this  nfTcrent  nerve  from  the 
art  the  peripheral  reHistance  is.  in  the  living  body,  lowered  to 
suit  the  weakened  powers  of  a  labonring  heart. 

This  gradual  lowering  of  blood  pressure  hy  diminntion  of 
p'-npheral  resistinoe  affords  a  narked  contrast  to  the  audden 
Iiiwering  of  blood  pressure  by  cardiac  inhibition;  compare  Fig.  74 
with  Vig.  7a 

§  1A3.  Rut  the  general  blood  pressure  may  be  modified  by 
mflerenC  impulses  passing  along  other  ner\'es  than  the  depressor, 
the  mo<liflcation  taking  on,  according  to  circumstances,  the  fonn 
either  of  decrease  or  of  increase. 

Thns.  if  in  an  animal  placvd  under  the  influence  of  umri 
(aome  anesthetic  other  than  chloral  Ac  being  used),  the  central 
stamp  of  the  divided  sciatic  nerve  be  stimulated,  an  increase 
ol  hlood  pressure  (Fig.  76)  almost  exactly  the  reverse  of  the 
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decivas«  brought  about  by  stiintilating  the  depressor,  is  observed- 
Tlic  curve  of  the  blood  pressure,  after  a  latent  period  during  wbich 
no  chungus  uru  visible,  rises  steadily,  reaches  a  maxituuiu  und 


,/iivef^ 


Fia.  *5.    ErrKCT  on  Bi/iou  I^bsbil-rb  Cckts  or  •TU(DL.iru(c  Sciiiic  Nbktb 

gxDKH  L'hjlki  (Cu|. 

I  morka  tha  rnimiDnt  In  which  th»  cntroaC  ww  thmwn  into  the  nerre.    Artilivial 
tapinulon  wu  f*rriod  od.  and  the  usual  rupiratury  aDduluiotia  ara  abwsDt. 

AOOD  slowly  falla  again,  the  fall  sometiineH  beginning  to  appeu 
before  the  stimulus  has  been  lemoveiL  I'hi.t  rise  of  pressure, 
ainra  it  may  be  observed  in  the  absence  of  any  increase  in  the 
heart  beat,  such  at  least  as  could  give  rise  to  it.  must  be  due  to 
the  constrictiou  of  c^ittiin  ttrtvrics ;  the  arteries  in  question  being 
those  of  the  splanchnic  arvA  certainly,  and  possibly  those  of  other 
vascular  areas  n«  welL  The  effect  is  not  confined  to  the  scintio; 
stiniiilation  of  any  nerre  eoutaiaiiig  afferent  Gbre«  inay  produce 
the  iwme  ri-se  of  pre-'tsure.  Mid  socoitstJint  i«  the  i«:«uli  that  the 
experiment  has  been  made  use  of  a.i  a  meUiml  for  determining  the 
existence  of  afferent  fibres  in  any  given  nerve  and  even  the  paths 
of  centripetal  impulses  through  the  spinal  cord. 

If,  on  the  other  hand,  tlio  animal  be  under  the  influence 
not.  of  urari  but  of  »  huK*'  dose  of  chloral,  instead  of  a  rise  of 
blood  preasurv  n  IM,  very  similar  to  that  caused  by  stimulating 
the  depressor,  is  observed  when  an  alTeivnt  nerve  is  stimulated. 
The  condition  of  the  central  nervous  system  seems  to  determine 
whtahi^r  the  effect  of  affenjiit  impul.'<e.'4  on  tlie  oentml  nervous 
eystein  a  one  leading  co  an  augmentation  of  raso-nonstrictor 
impul.tes,  and  so  to  a  rise,  or  one  leading  to  a  diminution  of  vaso- 
con.ttrietor  impulses  and  so  to  a  fall  of  blood  pre«snr& 

§  144.  We  have  used  the  words  ■  central  nervous  system  *  in 
speakint:  of  the  above ;  we  have  evidence,  however,  that  the  part 
of  the  central  nervous  systvm  act*>d  on  by  the  afferent  impiusee 
U  the  vii»i>-ini<t<ir  centre  in  thi-  spinal  balb.  and  thnt  the  effoets  io 
the  way  of  diminution  (depressor)  or  of  augmentation  (pressor)  are 
the  results  of  afferent  impulses  inhibiting  or  augmenting  the  tonic 
activity  of  this  centre  or  of  a  part  of  this  centre  especially 
connected  with  the  splanchnic  nerves.  The  whole  brain  may  be 
mnaved  right  down  to  the  bulb,  and  yet  the  effects  of  stimuU^tion 
in  the  direction  either  of  diminution  or  of  augmenution  may  still 
be  brought  about.     If  the  bulb  be  removed,  these  effects  an  no 
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longer  8e«ii,  thotif;h  all  the  rest  of  the  aervoua  sj-stctn  be  left  intttct 
Kay,  wore,  hy  purtially  itiU:rf«riiit>  with  the  Imlti,  wv  tnay  jiarliHllj 
dimiuiAli  tlicse  i^lTuvls  rikI  iixirk  diU.  so  Ui  speak,  the  limits  of 
the  c«atre  in  ijueiitioii  wiiiiiii  thi^  liiilb  itself.  Thtui,  in  on  iut«ct 
animal  under  iirari,  atimuliition  of  ih«t  sciatic  nerve  with  a  atinmluR 
of  a  ocrtAio  strength  will  piwluce  a  rise  of  blood  pressure  up  to 
«  wrtuiti  nxt«nt  After  removal  of  the  whole  brain  right  down 
to  Um  bulb,  the  same  stimulation  will  produce  the  same  rise  as 
before  ;  the  vaso>motor  centre  has  not  biH.-u  interfered  with.  I'ro- 
ceealing  downwards,  however,  atid  removing  the  bulb  picccmenl 
by  successive  transvente  swrtimis  a  level  is  jikhi  met  wiih,  beyond 
which  removal  of  the  iiervou!)  substance  (:iiusi'!t  nn  obvious  dim- 
inution ill  the  effect  produced  by  tlie  stimulation  of  the  sciatic ; 
this  marks  the  upper  limit  of  the  centre.  Proceeding  still  further 
downwards  with  successive  slices,  stimulation  of  the  sciatic  pro- 
duces li^s  and  less  rise  of  blood  pressure,  until  at  last  a  level  is 
reflcllt^d,  al  whicli  even  strong  stimulation  of  tliv  sciatic  orany 
other  nffereut  nerve  produces  Ho  l-S'ccI  at  all  on  blood  presHuro; 
this  marks  llie  lower  limit  of  the  «:iilre.  In  this  way  the  lower 
limit  of  t}ie  bulbar  vuso-motur  centn^  has  been  delvrminc-d  in 
the  Tubbit  at  a  horiiumtal  line  drawn  about  4  or  &  mm.  above  the 
point  of  the  calamus  scriptorius,  and  the  upper  limit  at  about 
4  mm.  higher  up,  i.e.  about  1  or  2  mm.  below  the  corpom  quiidri- 
gemina.  We  may  add  that  the  centre  appears  to  te  bilateral, 
ihe  halves  beinR  placed  not  in  the  middle  line  but  more  sideways 
and  rather  neiircr  the  anterior  than  the  posterior  eurfnce.  But 
we  will  resene  what  wc  have  to  say  as  to  tLf  structural  features 
o(  this  centre  until  wc  come  to  study  the  spinal  bulbiu  dcbiil. 

§  155.  Thij  above  exiK^riments  appear  to  afford  adeqHat«  eri- 
dence  that,  in  a  normal  elate  of  the  body,  the  integrity  of  the 
bulbar  vaw-niotor  ci'otre  is  essential  to  the  production  and  dis- 
tribution of  tln«»e  continued  constrictor  impulses  by  which  the 
oeneral  arterial  tone  of  the  body  is  maintained,  and  that  an 
nicrase  or  decrease  of  vaso-constrictor  action  iu  particular  arteries, 
or  in  the  arteries  generally,  is  brought  about  by  means  of  the  same 
bulltar  vaso-motor  centre.  But  we  must  not  tbercfore  conclude 
that  this  small  portion  of  the  spinal  bulb  is  the  only  part  of 
the  central  nervous  system  which  can  act  as  a  centre  for  vaso-con- 
etrictor  fibres ;  and,  so  we  have  aeon,  there  is  no  evidence  at 
present  that  the  va.so-dilator  fibn^  are  connected  with  either  this 
or  any  other  one  centre.  In  the  frog  refles  vaao-molor  eBects  may 
be  obtained  hy  stimulating  various  afferent  nerves  after  the  whole 
spinal  bulb  has  been  removed,  and,  indeed,  even  when  only  a  com- 
paratively small  portion  of  the  spinal  cord  has  l>eeii  left  intacti  and 
CHinoGted,  on  the  one  hand,  with  tho  afferent  nerve  which  is  bein^ 
stimulated,  and,  on  the  other,  with  the  efferent  nerves  in  which 
run  the  vnoo-motor  Gbre«,  whose  oction  is  bein^  studied.  In  the 
mainuutl  such  edecta  do  nut  to  readily  appear,  but  may  with  care 
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Bad  under  specml  conditions  be  obtained.  Thus  in  the  dog,  when 
the  spinal  coni  is  divided  in  tbe  thoracic  i«gion.  the  aneries  of 
thu  hind  liintx)  and  bindvr  pnrt  of  the  body,  ss  we  have  ali«ady 
said,  §  mo,  become  dilated.  This  one  would  naturally  expect  as 
the  reiult  of  tt^ir  severance  from  tite  biiUMJ-  vaso-motor  ceatie. 
But  if  the  animal  be  kept  in  gacnl  condition  for  some  time,  a 
normal  or  nearly  normal  arterial  tone  h  after  a  while  re-estab- 
lished; and  the  tone  thns  regained  may.  bv  afTerent  inijnilses 
raaching  the  cord  bulow  the  section,  he  modi^ed  in  tJ>e  direction 
cortajnly  of  diminution,  t.  e.  dilation,  and  possibly,  but  this  is  not 
so  oeitain,  of  increase,  i.  e.  constriction ;  dilation  of  Torious  cutane- 
oii.t  veK.tt:l.-<  of  the  limbs  may  Ik;  ^:lldily  [iroduced  by  stimulation 
of  tlie  central  ittunip  of  one  or  anotlK-r  nerve. 

These  and  other  results  lta<l  to  thv  conclumn  that  the  Inilkar 
Taao-motor  centre  h  not  tn  be  r^arded  as  the  sole  va#o-motor 
centre,  whence  alone  can  issue  tonic  constrictor  impulses  or 
whither  afTcrenl  impulses  from  this  or  that  part  of  the  tmdy  must 
always  travel  before  they  can  affect  the  vaso-constrictor  impulses 
passiDg  aloag  iJiis  or  that  ni-r\-e.  We  an'  ntther  to  soppoee  that 
tb0  spuial  cord  along  im  whole  Ivngtli  cotilains.  interaced  with 
the  tuBex  and  other  mechauisnis  by  which  the  skeletal  muscles 
are  governed,  va»D-motor  centres  and  mechanisms  of  varied  com- 

{ilexily,  the  details  of  whose  functions  and  topography  have  yet 
STfiely  to  be  worked  ouL  As  in  the  absence  of  tlie  sinus  venosus 
the  auricles  and  ventricle  of  the  frr^'s  heart  may  still  continue  to 
beat,  ao  in  the  ab^tence  of  the  spinal  bulb  these  spinal  raso-motor 
centres  provide  for  the  TBSCular  einer^ncies  which  arise. 

§  UW.  We  may  sum  up  the  histwy  of  voso-motor  actions 
somewhat  as  follows. 

In  the  case  of  at  least  a  very  lar^  number  of  the  arteries  o( 
U»  body  we  haw  direct  experimental  evidence  that  these  arteries 
an  connected  with  tlie  central  nervous  syslt-iu  by  ner\'e  fibres, 
called  vaj*i>iiiolor  filir^'s,  the  action  of  which  varies  the  amount  of 
contraction  of  tlie  muscular  coats  of  tlie  arteries  and  so  leads  to 
changes  in  calibre.  The  action  of  these  vaso-molor  fibres  is  more 
manifest,  and  probably  more  tmportsnt  in  the  cose  of  small  and 
minnte  arteries  than  in  the  case  of  larne  ones. 

These  vaso-motor  fibres  are  of  two  kinds.  The  one  kind,  vaso* 
constrictor  fibri's.  are  of  such  a  nature  or  have  such  connections 
at  tlteir  jieripheral  endings  th:it  Htimiilation  of  thera  pnxiucea 
narrowin(»,  constriction  of  the  artcriei.  Hiirintr  life  these  fibres 
appear  to  he  the  means  by  which  the  central  nervous  system 
exerta  a  continued  tonic  influence  on  the  arteries  and  maintains 
an  arterial '  tone ; '  and  this  arterial  tone  may  be  modified  by  th« 
action  of  the  central  nervous  system,  so  as  to  give  place  on  the 
one  hand  to  constriction  and  on  the  other  to  widening.  The  other 
kind,  vasoililator  fibres,  arc  uf  such  a  kind,  or  have  such  oonnec- 
tionS)  that  stimulation  of  them  produoet  wid^in^  dilation  of  the 
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irteries.    There  in  uo  advcjuate  evidence  that  these  vaso-dilator 
Gbtra  aerve  as  cliauncls  for  tunic  diluting  impulses  or  intluences. 
Tlie  vaso-pMislrictor  fibres  lifave  ihu  spinal  cord  l>y  Uui  siDlvnot 

tjoniM  of  tliii  iien-es  coming  fruin  tlie  iiiiddlu  ic-jion  only  of  tlie 
flpinai  cord.  In  the  dog.',  this  re;i:ioii  ext4>n(U  from  aboiil  Lhc  tirst 
or  second  thoracic  to  the  fourth  or  fifth  lumhar  nerve ;  and  in 
other  animals  is  probably  of  corresponding  extent.  Leavinjj  llie 
spinal  nerves  by  the  r«spccttve  visceral  branches,  rami  communi- 
cantes,  the  libna  pass  into  Uie  sympathetic  system,  the  majority 
joiniiitj  the  main  syni;>.-itlK^lic  chain  of  ^m^lia  in  the  thorax  and 
abdomen,  hut  some,  for  instance  thosi-  ^nin^  to  cvrlain  purts  of 
th«  iut«eline  and  some  othi-r  vit>ci-r^i,  leiving  that  chain  ou  one 
Bid«  and  piassing  <lirei;tly  to  more  p<!ri)j)ieral  )£aiiglia,  such  as  the 
solar  pleica.^  and  the  inferior  mesenteric  ganglia.     From  tlie  sym* 

[  jmchetic  ctmu  the  fibres  run  to  their  destination  in  such  nerves 
the  cervical  sympathetic  and  aplanchnic,  those  allotted  to  the 
skin  of  the  limbs  and  trunk  ruimini;  back  again  to  join  the  respec- 
tive spinal  nt-rves.  In  the  i;nni;lin  of  the  sympatlmlic  chuiu  or  in 
Other  more  pi^riplienil  ;;ati^'liA  the  libri's  lose  their  medulla,  and 
Continue  their  courKC  m  non-medu Hated  libres. 

lo  tlie  intact  orgnnlsui  the  emission  and  distribution  alonj; 
these  vaso-con stridor  fibres  of  tonic  constrictor  impulses,  by  which 
general  and  local  arterial  tone  is  maintained  and  regulated,  is 
ffovemed  by  a  limited  portion  of  the  spinal  bulb  known  a.t  the 
bulbar  vaso-motor  centre;  and  when  some  change  of  conditions  or 
otiier  natural  stimulus  brings  about  a  change  in  the  activity  of  the 
TOao-cons  trie  tor  librus  of  one  or  moru  vasculkr  areas,  or  of  all  the 

'irtenes  supplied  witti  vaao-omiitriclor  fibres,  this  same  bulbar 
Toso-motor  centre  appears  in  such  cases  to  play  the  part  of  a 
centre  of  reflex  action.  Nevertheless,  in  case:*  where  the  ncr%'oua 
eonneetionH  of  this  bulbar  vaso-motor  centre  with  a  va.NCular  are* 
U8  cut  olT  by  an  operation,  as  by  section  of  the  cord,  other  pans 
of  tJie  spinal  cord  may  act  as  centres  for  the  raso-consirictor 
filnes  of  the  area,  and  possibly  these  subordinate  centres  may  be 
to  a  certain  extent  in  action  in  the  intact  organism. 

The  vasoKlilator  fiun;s  of  whoso  oxistencc  we  have  clear  and 
ttndisputed  ex{ieriniental  evidence,  are  very  limited  in  distribution. 
Id  the  cases  liest  known,  tho  libn-s  leave  certain  regions  of  the 
oealral  uervons  systl'im  and  proceed  to  Uieir  detlinalinn  along 
oertftin  cerebro-.tpinal  nerve.s;  they  do  not  lose  their  medulla 
nntU  they  approach  their  termination.  Rut  as  we  have  seen  there 
it  evidence  of  vaso-dilator  fibres  also  running  in  nerves  of  the 
sympathetic  system.  The  vaso-dilator  fibres  arc  generally  thrown 
into  action  as  part  of  a  reflex  act,  and  the  centa-.  in  the  reflex  act, 
appears  in  each  case  to  Ue  in  the  central  nervous  system  not  far 
from  the  origin  of  the  ordinary  motor  fibres  which  the  dilator 
Sbres  aocompany. 
The  effects  of  the  activity  of  the  vaso-dilator  fibres  appear  to  be 
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e.<t!<entiaJly  local  in  iiatiiro.  Wliou  niiy  sel  ot  the  fibres  com«  into 
action  till!  vimi'iilnr  ar&i  whtcli  the»«  ^loveni  is  dilnlud;  und  the 
voaculiir  iitvhh  mo  governed  me  relatively  m  Kiiiall  tliat  changes  in 
tlieiu  produce  Hltle  or  iioeU'ect  on  tlie  vascular  !ty.ttem  in  f^iicrel; 
tlie  iihres,  are  called  into  play  to  produce  special  etTects  in  ttpectnl 
organs. 

I'he  effects  of  changes  in  llie  nctivily  of  the  vaao-coiislrirlor 
fibres  aie  U)th  locu!  iind  yciicrul.  They  ur«  also  double  in  nature; 
by  au  inhibition  of  Ionic  constrictor  iiiipiikcs  a  certain  aniount  of 
dilfUiuu  may  be  effecu-d;  by  an  iiu}iiiit'ut»lion  of  constrictor  im- 
piiUcie,  constrict  ion.  it  may  lie  of  coii^idfrrdile  vxtwit,  luny  be 
broit)jlit  about.  When  the  vawcubir  area  no  aft't'cted  ia  suinll  tli« 
effects  are  local,  more  or  leas  bloixi  is  distributed  tlirough  the  aiva  ; 
when  the  vascular  area  afiectcd  is  larye,  the  inhibition  of  coiislric- 
tion  may  lead  to  a  marked  fall,  and  an  augmentation  of  constric- 
tion to  a  marked  risi!  of  general  blood  pressure.  Broadly  speaking, 
we  may  Kay  that  wlicucver  a  vnsculur  change  is  needed  for  the 
genvrul  wvIl-bL-irig  of  the  ectrnomy,  it  is  tliis  vnso-constrictor 
«yst^-m  which  is  chIUiI  into  pb»y. 

The  dislribotic.n  nf  clearly  jirovcd  vn«o-dilotor  fibres  k  os  we 
have  said  very  liniiled,  and  even  the  vaso-conslrictor  fibres  are 
most  abundant  iu  the  nerves  ):oing  to  tlie  skin  and  to  the  vi^ccre. 
In  respect  to  the  aiteries  supplying  the  numerous  skeletal  mus* 
cles,  there  is  much  dispute  as  to  whether  they  are  supplied  by 
va.'io-dilator  fibres;  and  the  supply  of  vnso-constriclor  fibres  to 
them  ia  at  least  not  ltirf,'c.  We  luuy  |>irhiip»  infer  thnt  the  vaecii- 
lar  changes  in  the  muscles  are  iutfjided  chii-lly  ffir  the  licncfit  of 
the  muscles  themselvce,  and  are  not  U}  nny  ;:r(>at  exteiil',  likv  tboee 
of  tlte  skin  and  viscera,  utjlized  for  the  more  general  purjicifiCH  of 
tbv  economy. 

§  157.  We  shall  have  occasion  later  on  again  and  again  to 
point  out  inttance*  of  the  effects  ot  vnso-motor  action  both  local 
and  j,'eneral,  but  we  may  here  quote  one  or  two  chnraeteri.'<tic 
examples.  ■■  iihishing "  is  one.  Ner\'ous  impulses  atarled  in 
some  piirts  of  the  brain  hy  un  emotion  produi-e  ii  powerful  inhibi- 
tion of  that  part  of  the  biillar  vaifo-molor  centre  which  govema 
the  vascular  an^iis  uf  the  head  supplied  by  the  cer%'ic(il  sympa- 
thetic, and  hence  has  an  effect  on  the  vaso-motor  tibn-*  of  the 
cervical  sympathetic  almost  exactly  the  same  as  that  produced  by 
section  of  the  nerve.  In  consetjnence  the  miiaculor  walls  of  the 
arteries  of  the  head  and  fnce  relax,  the  arteriea  dilate  and  the 
whole  region  liecomes  suffused.  Sometimes  an  emotion  gives  rise 
not  to  blushing,  but  to  the  opposite  effect,  viz.  to  pallor  of  the  face. 
In  a  great  number  of  cases  this  has  quite  a  different  cause,  being 
due  to  a  sudden  dimiDUtion  or  even  temporary  arrest  of  the  heiirt's 
beats;  but  in  some  cases  it  mny  occur  without  any  changv  in  the 
beat  of  the  h«art,  and  i«  then  due  to  a  condition  the  very  converse 
of  that  of  blushing,  that  is,  to  aa  increased  arterial  constriction ; 
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and  thiD  increase))  constriction,  like  the  dilation  of  blushiof;,  iM 
efl«ct«d  tJirough  t)ie  agency  of  the  cejitral  nervous  »yiitem  aiitl  the 
oervical  sympathetic.  Blushing  and  its  opposite  pallor  are  most 
marked  in  the  fac«;  but  otlicr  purta  of  the  body  may  blush  (or 
grow  pale)  the  chan^^  lnjinij  brought  about  by  nppropriate  nervesi. 

The  VBSCulu  condition  ot  tlio  skin  at  liir<{i}  affords  another 
ioatance.  When  thi;  ttttJijHiniture  of  th<:  airi«  low  ihc  vcssuls  of  the 
skiu  UK  constricted,  unil  tlie  »kin  is  pate ;  when  tliu  Iviuju'-raturc  uF 
the  air  ia  high  the  ve^selx  of  the  skin  are  dilated,  and  the  skin  i« 
rod  and  Husliod.  In  bolli  these  cases  the  efl't-ct  I.*  mainly  a  rertes:  one. 
It  Ifeiug  the  central  nervon.*  xyttteni  which  brings  about  anginen- 
tati'>n  of  constriction  in  the  one  case  and  inhibition  in  the  other; 
though  possibly  some  sli^lit  effect  is  produced  by  the  direct  local 
jction  of  the  cold  or  heat  on  the  vessels  of  the  skin.  Moreover 
the  vascular  changes  in  the  skin  are  accumpauiud  by  corrceponding 
vascular  changes  in  the  vtscL-ra  (chiofly  abdominal)  of  a  revfinw 
kind.  When  tho  vessels  of  tliu  xkiu  are  dihitvd  those  of  the 
vtMwra  arc  constricted,  and  vice  versa;  so  that  «  con^idemble 
portion  of  the  wholu  bbm  1  eUli*  and  Hows,  so  to  apeak,  according 
to  circumstiiuiies  from  skin  to  viscera  and  from  vi.sc«ra  to  skin. 
By  these  changi,i<,  as  we  ^h:tll  see  later  on,  che  mainrenanct?  of  the 
normal  temperature  of  the  boiy  is  in  large  measure  seciirod. 

We  sbnll  see  later  on  that  the  secretion  of  urine  is  in  a  piKinliar 
way  dependent  on  the  How  of  blood  through  the  kidney,  A  very 
favourable  condition  for  this  How  is  a  dilated  condition  of  the  renal 
arteries  coincident  with  a  ht(;h  goncnil  blood  prcisure,  and  this 
condition  as  wo  shall  slv  k-iida  to  a  copious  secretion  of  urine. 
The  high  Reiieral  blood  pressure  in  this  ciise  is  lai^ly  caused 
by  very  g>^uvral  arterial  constriction,  leading  to  great  increase 
of  peripheral  remittance,  while  the  dilated  state  of  the  ntnal  arteries 
appears  to  be  due  to  a  lack  of  the  usual  tunic  constrictor  impulses; 
though  these  constrictor  impulses  are  increased  in  res)>ect  to  other 
arteries,  they  are  diminished  in  respect  to  the  renal  arteries 
themtelvea. 

When  food  ia  placed  in  the  mouth  the  blood  vessels  of  the 
»)liv-ary  glands  as  we  have  seen  are  Hushed  with  blood  as  an 
"  ivant  to  the  sucnition  of  digestive  lluid;  and  as  the  food 
along  the  nliuientary  r.imil  each  section  in  turn,  with 
the  glandular  .ippend '.ges  Imlonging  ti>  il,  welcomes  it«  advent  by 
flushing  with  blooiL  As  we  have  already  said,  wo  have,  at  present. 
no  satisfactory  evidence,  except  in  the  case  of  the  salivary  glands, 
Uiol  tJiis  Rnshing  is  caTricI  out  by  special  vaso-dilator  nerves.  Along 
the  rest  of  the  alimentary  canal  the  widening  of  the  arteries  and 
thus  the  increased  flow  seems  to  be  brought  about  by  diminution 
of  vaso-oonstrictor  impulses,  so  far  at  least  as  it  is  ensured  by  the 
iatorvention  of  the  central  nervous  system.  We  say  "so  far' 
because  as  we  shall  see  we  have  evidence  that  the  \'es8els  of  the 
lodney  may  chaoj^  in  calibre  independently  of  any  influences 
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pvoceeding  ftx>in  the  central  nerrous  eystem,  after  for  inntance  all 
the  iien'ea  going  to  the  kidney  have  been  divided ;  to  nuch  cases 
the  changes  iu  the  catibrv  of  the  renal  v(»seU  seem  to  be  due  lo 
Bumu  dinx't  local  action ;  and  it  is  possible  that  the  flushing  of  the 
alinieutAT)'  canal  whoa  food  rulers  it  is  similarly,  in  part  or  at 
times,  the  result  of  some  local  autimi  on  tli«  i-1ood  vessels. 

§168.  t'ii.i'1-moU'ritfrrfJtir/tlie  KnW.  Although  the  veins  are 
prfiviiled  with  muscular  tibies  and  are  di.-slirictly  contractile,  and 
although  rhythmic  variations  of  calibre  due  to  contractions  may 
he  seen  in  tlie  great  veins  opening  into  the  heart,  in  the  veins  of 
the  bat's  wing,  and  elt^where.  our  knowledge  as  t4>  any  nervous 
urBaaBmeots  governing  the  veins  is  at  present  verj-  limited.  The 
]KWtu  Tein,  the  walls  of  which  are  conspicuously  muscular,  the 
muscular  libn-s  bein<;  anaii^i'd  both  as  a  circular  and  as  a  longi- 
tudinal coat,  is  like  the  veins  just  mentiont'd  subject  to  riiythmie 
vartaUon«  of  calibre;  these  might  he  due  to  active  rhythmic 
contractions  of  the  portal  vein  it«Of  or  mi);ht  be  of  a  {lassire 
nature,  due  to  a  rhythmic  rise  and  f:ill  in  the  ijuaiitity  of  blood 
discharged  into  it  from  th6  vessels  of  the  vi^'era.  The  former 
view  i.'t  .'(upjioi  ted  l>y  the  observation  that  afler  the  aoita  has  been 
obslrui.'led,  sothal  no  blood  can  pass  into  the  portal  vein  from  the 
mesenteric  an<l  other  arteries,  contractions  of  the  portal  vein  may 
be  obtained  by  stimulating  the  splanchnic  nerves.  The  great 
distention  of  the  venous  system  with  blood  which  occurs  in  the 
frog  when  the  brain  and  spinal  ord  are  destniyud,  and  which 
renders  the  heart  iilmost  liltiiidli'ss,  the  grealiiT  part  of  the  blood 
being  lodged  in  the  veins,  has  nl^o  lieeu  supposed  to  poiut  to  some 
normal  toue  ol  the  veins  dejiendent  on  the  central  nervous 
system. 


SEC.  7.    THE  CAPILLARY  CIRCUL.VTIOJI. 


§  159.  Wo  liave  already,  some  time  t)ack  (§  99),  mentioned 
somt:  of  till!  salient  features  of  the  circulation  llirough  the  capil* 
laricB,  viz.  tliu  Jifllciilt  passaf^u  of  the  corpuscles  (generally  in 
sioj;l«  S\<i,  tlioii<;ti  !>i)iuirtiiiies  in  tliti  larger  channels  two  or 
IDore  abreast)  and  plasma  through  the  narrow  channels,  in  a 
stream  which  though  niotv  or  luss  irn'gulur  is  steady  and  even,  not 
broken  by  pulsations,  and  ttlower  tlian  that  in  either  the  arteries 
or  the  veins.  We  have  further  seun  (§  94)  that  the  ca[iillaries 
vary  very  much  in  width  front  time  to  tiuiu ;  and  tht-re  can  be 
no  doubt  that  the  changes  in  their  calibre  are  chiclly  of  a  {lassivo 
nature.  They  ar«  expanded  when  a  large  supply  of  bhxtd  runcihus 
them  Uirough  th«  supplying  arteries,  and,  by  virtue  of  tlinir 
elasticity,  shHuk  again  when  the  supply  is  lessened  or  withdrawn ; 
they  may  also  becoinv  uxpandvd  IJy  an  obstacle  to  the  venous 
outflow. 

On  the  other  hand,  there  is  a  certain  amount  of  evidence  tliat, 
in  young  unimuU  at  all  events,  the  calibre  of  a  capillary  canal 
may  var>',  quiU;  independently  of  the  arterial  supply  or  tho 
venous  outflow,  in  con^quence  of  changes  in  the  form  of  the 
epithelioid  ckXU,  allied  to  the  changes  which  in  a  muscle-libre  or 
muscle-Cell  Constitute  a  contraction  ;  and  though  the  matter  re- 
quires further  inveftigation,  it  is  possible  that  these  active  changes 
play  «u  important  part  in  determining  the  quantity  of  blood  ptuM- 
ing  through  a  capillary  area)  but  there  is  as  yet  no  sntisfuctor^- 
endence  that  thev,  like  the  correspooding  changes  iii  the  arteHe«, 
am  governed  by  tlie  nervous  system. 

(Ker  and  above  these  cli!ing<?«  of  form,  the  cnpillarics  and 
minute  vessels  are  subject  to  still  other  chiuigi-s  and  so  exert 
influenoes  by  virtue  of  which  they  piny  an  important  port  in  the 
work  of  the  circulation.  Their  condititm  determines  thtt  amount 
of  nrsislancv  offert;d  by  their  cliannel»  to  the  flow  of  blood  tlirougb 
those  channels,  ami  detfrminio-i  I  he  nmount  and  character  of  that 
IDlwdiMlge  between  the  blood  and  the  tissues  which  is  the  maia 
f$fii  of  the  circulation. 
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If  the  web  of  the  f  mg'a  foot,  or,  better  still,  if  some  transpareot 
tiiotiie  tif  a  iiinmiiial  Ix;  watched  under  the  tuicroecope,  it  will  be  ob* 
served  that,  while  in  the  Rmall  capillaries  the  corpuscles  are  pNSSed 
through  the  channel  in  single  file,  ouc  nfl«r  the  other,  each  corpuscle 
as  it  passes  occufijing  the  whule  bor«  nf  the  capillary,  in  the  largei 
capillaries  (of  the  mamuial).  and  csfiecinlly  in  the  small  arteries 
and  veins  which  jwrmit  the  jnws/iyi;  of  more  than  one  corpusela 
abreast,  ihu  red  coqiuscleK  run  in  llie  niidille  of  Uie  cbaancl.  fornuDg 
k  nolmirt'd  core,  between  which  and  the  sides  of  the  vessels  all 
nnmd  iri  a  oolunrless  layer,  cnnlaiiiitiy  no  kH  TOrpuscIes,  called 
the  '  plasmatic  Inyer'  or  'peripheral  zone,'  This  division  into  A 
peripheral  zone  and  an  axial  stream  is  due  to  tlie  fact  ihat  in  any 
stream  passing  through  a  closed  channel  the  friction  is  greate^ 
at  the  aides,  and  diminishes  towards  the  axis»  The  corpuscles 
pass  where  the  (rictiou  is  least,  in  the  axis.  A  quite  siinil.ir  axial 
core  is  seen  when  any  fine  jmrtit'les  are  driven  with  a  sullieicnt 
vehjcily  in  a  stR'iuD  of  Ihiid  through  n  narrow  tube.  As  tiie 
velocity  is  diminished  the  axial  core  becomes  lesa  marked  and 
disapp(!nrs. 

Ill  the  jKripheral  Kone,  especially  in  that  of  the  veins,  am 
frequently  seen  white  corpuscles,  sometimes  clinging  to  the  sicks, 
of  the  vessel,  sometimes  rolling  slowly  along,  and  in  general  moving 
irregnlarly,  stopping  for  a  while  and  then  suddenly  moving  cm. 
The  greater  the  veloeily  of  the  flow  of  blood,  the  fewer  the  while 
corpuscles  in  the  peripheral  zone,  and  with  a  very  rapid  ilow  th^, 
ns  well  as  the  red  corpuscles,  inay  be  all  confined  to  ihe  Miil 
stream,  Tlie  presence  of  the  while  corpuscles  in  ihe  periphenJ 
eoue  has  been  attributed  to  their  being  sjiecifically  lighu-r  lliu 
the  red  corpuscles,  since  win^n  fine  jiarticles  of  two  kinds,  une  li^hw 
than  the  other,  are  driven  through  a  narrow  tube,  tJ>e  beam 
particles  How  in  the  axis  and  the  lighter  in  the  more  periplieiil 
portions  of  the  stream.  But.  besides  this,  the  white  cori'UiclB* 
nave  a  greater  tendency  to  adhere  to  surfacejt  than  have  the  ni. 
as  is  seen  by  tlie  manner  in  which  tlie  former  l>ocom«  fixeA  I* 
the*  glass  slide  and  cover-slip  when  a  drop  of  blood  i»  niouatd 
for  niicroKwpical  examination.  They  probably  thus  adhere  Ij 
virtue  of  the  ammboid  movements  of  their  protoplasm,  sothallhl 
adhesion  is  to  be  considered  not  so  much  a  mere  physical  *s  I 
physiological  process,  and  hence  may  be  expected  to  vary  witli  tl» 
varying  nutritive  conditions  of  the  coqmsclcs  and  of  tlie  bleed 
vessels.  Thus  while  the  appearance  of  the  white  corpuscles  in  the 
peripherul  xoiie  may  be  due  to  their  Ii'*hlne«s,  their  temponif 
attachment  to  the  siiles  of  the  vessels  ami  eharaclvri.-'lic  progrw.'siBi, 
ia  the  result  of  iheir  jiower  to  adher'j ;  and  as  we  shall  pnisent^ 
see  their  amoeboid  movemenUi  may  carry  tliem  on  beyood 
adhesion. 

§  160.    These  are  the  phenomena  of  the  normal  circu): 
and  may  be  regarded  as  indicating  a  state  of  equilibrium  bet' 
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the  blood  on  th«  uim  baud  nnd  tlio  blood  veeseU  with  the  tissues 
00  th«  uthur ;  but  a  diffun^Ql  state  of  tUin^  sets  in  when  that 
«()uiUbriuiu  is  ovcrllirowu  by  cause*  luadiug  to  what  is  called 
iDflaniinatiou  or  to  allied  conditions. 

If  an  irritant,  atich  as  n  drop  of  chUirflform  or  a  little  diluted 
oil  of  mtistAnl,  be  a]ipUed  to  a  small  portion  of  a  hog'f  web,  torigtic, 
meiiontfrry,  or  some  utiicr  transparent  tissue,  the  following  changes 
may  be  observed  under  the  micruscopu ;  they  may  be  still  bettor  seen 
in  tJie  musentvr}'  or  other  transpart-ut  tantm  ot  a  mammal  The 
first  vEToct  that  is  noticed  is  a  dilation  of  the  arLen'L's.  a<:compunied 
by  a  iiuickcning  <if  thv  stn-fim.  TIk-  irritant,  probably  by  a  direct 
action  on  the  mu^ciihr  fibres  wf  the  arteries,  hat*  led  l«  u  ro- 
laxalion  of  th«  muscular  cuat,  and  hence  to  a  widening  ;  ami  we 
have  already,  §  105.  explained  how  such  a  widening  in  a  small 
artery  may  lead  to  a  temporary  quickening  of  the  stream,  lu 
consequence  of  the  greater  How  through  the  arteries,  the  capillaries 
become  filled  with  corpuscles,  and  many  pa8sn;;es,  previously 
invisible  "t  nearly  so  on  at'count  of  tlieir  ci>ntaiuin>>  no  corpuscles, 
now  Come  into  view.  The  veins  at  the  same  time  appear  vnlari^ed 
and  full.  If  the  stimulus  be  very  slight,  tlu.*  may  all  pass  away, 
the  arteries  gaining  their  norma!  coustriotion,  and  the  capillaries 
and  veins  letuminc  to  their  normal  condition ;  in  other  words,  the 

[  effect  of  the  stimulus  in  euch  a  case  is  simply  a  temporary  blush. 
Unless,  however,  the  chloroform  or  mustard  be  applied  with  especial 
care,  the  effects  are  much  more  profound,  and  a  series  of  remarkable 
changes  sot  in. 

tn  the  normal  circulation,  as  wc  hft%-i!  just  said,  white  corpuscles 
may  be  seen  in  the  peripheral,  plasiimtic  zone,  but  they  are  sctmty 
in  number,  and  e&ch  one.  after  staying  for  a  little  time  iu  one  spot, 
suddenly  gets  free,  sometimes  almost  by  a  jerk  as  it  were,  aud  then 
rolls  on  for  a  greater  or  \es^  distance.  In  the  area  now  umler 
consideration  a  large  number  of  whitJ  corpuscles  soon  gather  in 
the  jKiripheral  zones,  especially  of  the  veins  and  venous  capillaries 
(tliRl  is  of  the  lar^r  capillaries  which  are  joiiung  to  form  veins), 
but  also,  of  the  other  capillaries,  and,Coa  less  extent,  of  the  arteries ; 
and  this  takes  place  although  the  vesseLs  still  remain  <lilated  and  the 

I  strcAia  still  c<mtinues  rapid,  though  not  »o  rapid  as  at  first.  Each 
white  corjiuscle  appears  to  exhibit  a  greater  tendency  to  stick  to 
tbe  fides  of  the  vessels,  aud  tliou;^h  driven  away  from  the  arteries 
i^  the  stronger  arterial  stream,  bijcoiues  lud<^-d  m>  to  speak  iu  the 
veins.  Since  new  wliite  coipusck-s  are  continually  bemg  brou<-ht 
by  tbe  blood  stream  on  to  the  scene,  the  number  of  them  in  the 
peripheral  zones  of  the  veins  uicreases  more  and  more,  and  this 

tuAV  go  on  until  tl>u  inner  surfaoe  of  the  veins  and  venous 
ftpHllaries  appears  to  be  lined  with  a  layer  ot  white  corpuscles. 
fbe  smaU  capillaries  too  conlaiu  more  white  corpuscles  than 

ufluol,  and  even  iu  the  arteries  these  are  abundant,  though  not 

furmiug  the  distinct  layer  seen  in  the  veins.    The  white  cor- 
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puscles,  liowevcr,  are  not  the  only  bodies  present  in  the  peri- 
phsnil  xona.  Though  in  thu  iiormnl  t-irculatian  blood-plateleta 
(see  §  S3)  cannot  W  »oi.ni  in  the  pcriithL-rnl  zone,  mid  hence  (on 
the  view,  which  has  the  gri»fiter  support,  that  these  bodies  are 
renlly  prenent  in  quite  norma)  hlooil)  must  be  confined  to  ihc  axial 
stream,  they  make  tlieir  appearance  in  that  7X)tie  during  the 
changes  which  wc  are  now  describing.  Indeed,  in  many  cases  they 
are  far  more  abundant  than  the  while  corpUBcles.  the  latter  appear- 
ing; imbuddL-d  at  inUrviiIs  in  masses  of  thci  former.  Soon  after 
their  ti|ip(.tara[i(;e  the  individuftl  pbtvlets  lose  their  outline,  and  run 
together  iiito  fumiless  masses. 

§  161.  Tiii.i  much,  the  appearance  of  numcnnis  white  cor- 
pusi-li-s  and  platelets  in  the  peripheral  zones,  may  taUe  jilnce  while 
the  stream,  though  less  rapid  tlian  at  the  very  first,  still  remains 
rapid  ;  so  rapid  at  all  event*  that,  owing  to  the  increased  width 
of  the  passaffes,  in  ifpite  of  thu  obstruction  offered  by  the  adherent 
white  corjjuscle!*,  the  total  (jiiantity  of  blood  flowing  in  a  given 
time  throuiih  the  intlamed  area  Is  firenli-r  tliiin  normal.  But 
soon,  tliowyli  the  vessels  still  remain  dilnled,  the  stream  is  observed 
most  distinctly  to  slacken,  and  then  a  reniarkalde  phenomenon 
makes  its  apijeatance.  The  white  corpuscles  lying  in  contact  w  ilh 
the  walls  of  tiio  veins  or  of  the  capillaries  are  .seen  to  thrust  processes 
through  thowalls;  and,  the  process  of  a  corpuscle  increasing  atthe 
expense  of  the  rest  of  the  body  of  the  eorpuacle.  the  wliolo  cor- 
puscle, by  what  apjKrars  to  be  an  exmnple  of  amtcboid  movement, 
makes  its  way  througii  the  wall  of  tlio  vessel  intti  the  lymph 
space  outside ;  the  perforation  appears  to  lake  place  in  the  cement 
BubstADCfi  joining  the  epithelioid  plates  together.  This  is  the 
mijjration  of  the  white  corpuscles  to  which  we  alluded  in  5  32,  and 
takes  place  chielly  in  the  veins  and  capillaries,  not  at  all  or  to  a 
very  slight  extent  in  the  arteries.  Through  this  migration  the 
lymph  spaces  around  the  vessels  in  the  inflamed  area  become 
crowded  with  white  corpuscles.  At  the  same  time  fluid  passes 
from  the  interior  of  the  blood  vessels  tliRingli  the  altered  wiilb 
into  the  lymph  spaces  more  rapidly  than  it  escaiics  from  th« 
lymph  spaces  along  the  lymphatic  cliannels;  the.se  lymph  spaces 
become  disteniled  with  lymph,  which  also  changes  somewhat  in  its 
vhemicfti  characli^rs  ;  it  tends  Uf  clot  more  readily  and  more  firmly, 
anil  is  sometimes  spoken  of  «a  'exudation  fluid,"  or  by  the  older 
writers  as  'coagiibhle  lymph.'  This  turgescence  of  the  lymph] 
.spaces,  together  with  the  dilated  crowded  condition  of  the  lilood 
ves.4el3,  gives  rise  to  the  swelling  which  is  one  of  the  features  of 
inflammation 

If  the  inllAuimntinn  now  passes  off  the  white  corpuscles  cease  to 
emigrato.  cease  to  stick  for  any  length  of  time  to  the  side.'*  of  the 
vessels,  the  stream  of  blood  through  the  vessels  ((uickens  again,  and 
the  vessels  them.selves,  though  they  may  remain  for  a  lonjj  time 
dilated,  eveutu&lly  regain  their  calibre,  and  a  normal  circulation  is 
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re-establisticiL  The  migrated  corpuscles  move  away  from  the 
rdgion  alung  tlto  labyrinth  of  lymph  spaces,  and  the  surplus  lymph 
also  passes  away  along  the  lymph  spaces  aud  lymphatic  ve&st-U. 

A  more  powerful  action  of  the  irritant  may  lead  tu  still  other 
ivviits.  More  and  more  white  corpuscles,  arrested  in  their  passage, 
>wd  the  channels  and  bluL-k  the  way,  so  that  though  the  vessels 
reiiuin  diUted,  the  stream  becomes  slower  and  sluwur.  until  at  lust 
it  stop*  allflgeth.>r,  and  •  stagnation  "  or  •  stasia '  sets  in.  Tliw  ruJ 
corpuscles  are  driven  in,  often  in  massifs,  amuug  th«  white  cor- 
puBctes  and  p].itelet<).  the  distinctiou  bctwueu  axial  ^trcum  and 
peripheral  zone  becoming  lost ;  and  nrtvries,  veins  and  capillaries, 
all  disteiidod,  soiiiotimvi  enoniiouBly  su,  are  filled  with  a  mass  of 
mingled  red  ;tnd  whit«  corpuscle*  and  platelet.*.  Tlie  red corpiisclee 
run  l4>^etlier  su  tliat  their  inillineA  are  no  longer  distinguishable ; 
they  appear  to  become  fused  into  a  homngeneoos  red  mass.  And 
it  may  now  be  ohwrveil  that,  not  only  white  corpuscles  but  also 
red  corpuscles,  make  their  way  through  the  distended  and  nlt«red 
walls  of  the  capillaries,  chiefly,  at  all  events,  at  the  junctions  of 
tb«  epitlielioid  platen,  into  the  lymph  spaces  beyond.  This  18 
spokea  of  as  the  di<tpedf»i»  of  the  red  corpuscles. 

This  condition  of  'stasis'  may  be  the  prelude  to  further 
mi.'whief,  and.  indeed,  ui  the  death  of  the  tissue,  but  it,  too,  like  tho 
earlier  stage  of  inllainniatiaii,  may  pn«8  away.  As  it  pusses  away 
the  outlines  of  the  oorpu*cle.t  became  once  more  distinct,  those  on 
the  venous  side  of  the  block  gradually  drop  away  into  the  neigh- 
bouring currents,  little  Ity  liulo  the  whole  obotruction  is  removed, 
and  the  current  through  the  area  is  re-established. 

§  162.  Tilt!  slowing  or  the  arrust  of  the  blood  current  described 
abovu  is  not  duo  to  any  lessi-ning  of  the  heart's  beat ;  the  artvrial 
p(ilt(atioiis,orat  least  the  arterial  tlow.  may  be  seen  Co  be  continued 
in  full  force  down  to  the  affected  area,  and  there  to  cease  very 
suddenly.  It  i."*  not  due  V>  the  iieriplR-ral  resistance  beiag 
increasL'd  by  any  constriction  of  the  small  arteries,  for  theu 
continue  dilated,  .sometimes  exceedingly  so.  It  must,  therefore,  be 
du-  to  soma  new  and  unusual  resistance  occurring  in  rhe  area  itself, 
and  this  we  are  by  many  reasons  led  to  attribute  to  an  incieasod 
tendeney  of  the  eorptiscles,  especially  of  the  white  corpuscles,  to 
stiek  to  the  sides  of  the  vessels.  Tho  increase  of  adhesiveness  is 
not  caused  hy  any  change  ounGued  to  the  corpuscles  thcmHelvetc; 
for  if  after  a  temporary  delay  one  wet  of  corpuscles  has  inmi   _■■  1  ■<■ 

pnssaway  from  the  affected  area,  the  next  set  of  corpuscle-"  '^ ::iit 

to  the  area  in  the  blood  stream  is  subjected  to  the  same  delay, 
llie  cause  of  the  increased  adhesiveness  must  therefore  lie  in  the 
walls  c^  the  blood  vessels,  or  in  the  tissue  of  which  these  form  a 
part.  That  the  increased  adhesion  is  due  to  the  vascular  walls  and 
not  primarily  to  the  corpui-clcs  themselves  is  further  shewn  by  the 
fact  th:it  if.  in  the  frog,  un  artilicial  blood  of  nonnal  saline  solution, 
\a  which  milk  has  boeu  added,  be  substilnted  for  normal  hlood,  a 
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stasis  may  by  irritaDta  be  induced  in  which  oil-globalea  play  tbe 
part  of  corpuscles,  aud  by  cheir  aggregation  briug  about  au  nrrett 
o[  tbo  dow. 

Wo  are  led  to  conclude  that  there  exist  in  health  certain 
relations  between  the  blood  on  the  one  hand,  and  the  walls  of  the 
reescls  on  thu  other,  by  which  the  tendency  of  the  corpuscles  to 
adberv  Ut  the  blood  vessels  is  kvjit  within  certain  limits :  thc$« 
relations  consequently  determiiii;  the  normal  flow,  witJi  its  axial 
stream  and  jieripheral  zone,  nnd  the  normal  amount  of  peripheral 
resistance;  in  inHammation,  tliese  relations,  in  a  manner  wc 
cannot  as  yet  fully  explain,  ate  dinturbed  so  that  tlie  tendency 
of  the  corpuscles  to  adhere  to  the  sides  of  the  vessels  is  largely 
and  progrvsfiively  increased.  Hence  the  tarrying  of  the  corpusclra 
in  spit*!  of  the  widening;  of  their  path,  sod  finally  their  agglomera- 
tion and  fusion  in  the  distended  channels. 

The  (changes  ocourring  in  the  Taeculor  walls  at  the  same  time 
also  modify  tlie  passage  from  the  blood  to  tlie  ti«uu  of  the  fluid 
parts  of  the  blood,  the  lympli  of  inflamed  «rv««  being  more 
abundant  and  richer  in  proteids  than  nnmial  lymph.  There  is  a 
greater  outflow  from  the  interior  of  the  blood  vessel  into  the 
lymph  spaces  outside,  and.  indeed,  it  has  been  urged  that  this, 
carrying  the  blood  corpuscles  with  it.  mechanically  promotes  the 
gathering  of  the  white  corpuscles  at  the  sides  of  the  vessel  and 
their  su^quent  passage  through  the  walls. 

We  must  not,  however,  pursue  this  subject  of  inflammation  any 
further.  We  have  said  enough  to  sliew  that  the  peripheral  re- 
sistance (and  consequently  all  that  depends  on  that  jwripheral 
resiAtaiKe)  ts  not  wholly  determined  by  the  varying  width  of  the 
minute  passages,  but  is  ahto  dependent  on  the  vital  condition  of 
the  tissue  of  which  the  walls  of  the  passages  form  a  pert  When 
the  tissue  is  in  health,  a  certain  resistJince  is  offered  to  the 
paBsase  of  blood  through  the  capillaries  and  other  minute  vessels. 
and  H»e  whole  vascular  mechanism  is  adapted  to  overcome  this 
resistance  to  such  an  extent  that  a  normal  circulation  can  take 
place.  When  the  tissue  becomes  affected,  the  disturbance  of  the 
lehtiona  between  the  tissue  and  the  blood  may  so  augment  the  re- 
sistanoe  that  the  passage  of  the  blood  becomes,as  in  inflammation, 
diBicult.  or,  as  in  stasis,  impossible.  .And  it  is  quite  open  to  us  to 
suppose  that  under  ceruin  circumstances  the  reverse  of  the  above 
may  occur  in  this  or  that  area,  that  conditions  may  arise  in  which 
the  resistance  is  lowered  below  the  normal,  and  the  circulation  in 
the  area  nuii-keniHl,  Thus  the  vital  ondition  of  the  tUsue  becomes 
a  factor  in  (he  uiainlenamx-  of  the  circulation;  aud  it  is  pnasible, 
tboogh  not  yet  proveil.  titat  theM  viul  conditions  are  directly 
under  the  dominion  of  the  nervous  s^'^ttem. 

§  163.  <;?hanges  in  the  peripheral  resistanoe  may  al»o  be 
brought  ahont  by  change-i  in  the  character  of  the  blood,  especially 
by  changes  in  the  relative  amount  of  gases  presenL      nlien  a 
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fltream  of  defibrinsted  blood  is  artificially  driven  through  a 
perfectly  frvsh  excised  organ,  such  as  the  kidacy,  it  is  found  that 
th«  rc«istaucv  U>  thu  flow  of  bloutl  through  tbu  orgnn,  Diiradumd. 
for  instance,  by  the  auouiit  of  outlluw  in  reUtiou  to  the  pressure 
excrttid,  varies  considerably  owing  to  changes  taking  jilace  in  the 
organ,  and  way  he  iiicreaited  by  increiising  the  vi>nou.4  character, 
and  dimiiii»lied  by  increasing  the  arterial  character  of  the  blood. 
Remarkable  changes  in  the  resistance  ars  also  brought  about  by 
the  addition  of  snmll  quaatitios  of  ccrtaia  drugs  such  as  chloral, 
atiopia  &c  to  the  bluud. 

Tbeso  changes  have  been  attributed  to  the  altered  blood  Acting 
on  the  walls  of  the  vessels,  inducing,  for  instance,  constriction  or 
widening  of  the  small  arteries,  or,  il  may  be,  afTecting  the  capil- 
laries, for  it  has  been  asserted  that  the  epithelioid  plates  of  the 
Cftpillaries  vary  in  form  according  to  the  relative  quantities  of 
carbonic  acid  and  oxygen  present  in  the  blood.  But  this  is  not 
tha  whole  explanation  of  the  matter,  since  sitniUr  ^'ariations  in 
rosistancB  are  met  with  when  blood  is  driven  through  line  capil- 
laiy  tubes  of  invrt  matter.  In  f  uoh  experiments  it  is  found  that 
the  resistance  to  the  tlnw  increases  with  a  diuiinutiim  of  the 
oxyf^u  carrii»il  by  the  red  corpuscles,  and  is  niodilicd  by  tlie 
addition  to  the  blood  of  even  small  quantities  of  curtain  drugs. 

It  is  obvious,  then,  that  in  the  living  body  the  peripheral 
resistance,  being  the  outcome  of  complex  conditions,  may  be 
modified  in  many  ways.  Experiment  teaches  us  that,  even  in 
dealing  with  non-living  inert  matter,  the  flow  of  tloid  through 
capUlary  tubes  may  be  modilied  on  the  one  hand  by  changes  in 
tht;  sulwtancf  of  whi<:h  the  tulies  are  composed,  and  on  the  other 
liaiid  by  changes  in  the  chemicdl  nature  {even  indctM!Ddent  of  the 
specific  gravity)  of  the  lluid  which  is  used.  In  the  living  body 
both  the  Ruid  and  tlie  tnlies,  both  the  blood  and  the  walls  of  the 
minute  vessels,  are  subject  to  incessant  change;  the  vessels  are 
continually  changing  because  they  are  living  structures,  and  the 
blood  is  continually  changing  not  only  because  it  too  is  in  part  at 
least  alive,  but  also  because  all  the  tisanes  of  the  body  ans  witrking 
upfjii  iL  The  changes  in  the  one,  moreover,  are  capable  of  reacting 
upon  and  inducing  changes  in  the  other ;  and,  Iu.stly,  the  changes 
lioth  of  the  one  and  of  ttie  other  may  be  primarily  set  going  by 
events  taking  place  in  some  part  of  the  hody  far  away  from  the 
regton  in  which  these  changes  are  modifying  the  resistance  to  the 
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I^  164.  In  an  artiRcial  scheme,  cbangei*  in  tht?  tntal  quanlitj'  of 
fluid  in  circulation  will  have  an  immediate  and  direct  effect  on  iJie 
arterial  presBure,  increase  of  the  quantity  heightening  and  decrease 
dimiuishing  it,  This  effect  will  be  proilucetl  partly  by  the  pump 
bcins  more  or  less  filled  at  each  stroke,  unci  purtly  by  the  peri- 
pheral resistance  being  increased  or  diminished  by  the  greater 
or  less  fulness  of  the  small  peripberiil  channels,  The  pressure 
along  the  whole  system  and  Iience  the  venous  pressure  will  under 
all  circunistJinces  be  raised  with  the  increase  of  tinid,  but  na 
increase  of  the  arterial  pressure  beyond  that  of  the  venous  pressure 
will  be  observed  only  bo  long  as  the  elasticity  of  the  arterial  tubes 
can  be  brought  into  play. 

In  thenntural  circulation,  the  direct  results  of  change  of  quan- 
tity arc  modified  by  compensiitory  iirrnnf;ement«.  Thus  exp^-ri- 
ment  shews  the  following  when  nn  animal  with  normal  blood 
[NTCSSure  i»  bled  from  one  cnrotid.  The  prcRSure  in  the  other 
carotid  sinks  so  long  as  the  bleeding  is  going  on  ;  this  is  chiefly 
because  llie  free  opening  in  the  vessel,  from  which  the  bleeding  is 
going  on,  cuW  otf  a  great  deal  of  the  peripheral  resistance,  and  so 
leads  to  a  general  lowering  of  the  blotxl  pressure.  It  n?niains 
depressed  for  a  brief  period  after  tbc  bleeding  has  ceased,  but 
in  n  short  time  regains  or  nearly  regains  the  normal  height. 
This  recovery  of  blooil  prr'ssiir>;,  after  biv-morrhnge.  is  witnessed  so 
long  as  the  lo.<ts  of  blood  doe.s  not  amount  to  more  than  about  3  per 
cent,  of  the  body-weight.  lieyond  that,  a  large  and  fre(|uently  a 
sudden  dangerous  permanent  depression  is  observed. 

The  restoration  of  the  pressure  after  the  cessation  of  the 
bleeding  is  too  rapid  to  permit  us  to  supjxjse  that  the  quantity  of 
fluid  in  the  blood  veasels  is  ri-plaecd  by  the  withdrawal  of  lymph 
from  theextm-vascularulementsof  the  tissues.  In  nil  probability 
the  re.sult  is  gained  by  an  iiicrea.sed  action  of  the  vaso-eoustriclor 
nerves  increasing  the  peripheral  resistance,  the  vaso-motor  centre 
being  thrown  into  increased  action  by  the  diminution  of  ita 
blooa  supply ;  when  the  blood  by  ligature  of  the  arteries  in  the 
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ni!ck  is  suddenly  cut  ofT  from  the  brain  sod  so  ttota  the  spioal 
liulb,  a  rise  o£  blow!  pressure  is  obaen.-cd  \Sniua  llie  loss  of  blood 
has  Bona  beyond  a  certain  limit,  this  vasu-ct>nstrictor  aolion  is 
insufficient  to  compeusatw  tiiu  diininislitM  quantity  (ppsaibly  the 
vaao-tnotor  centre  io  part  bccomea  exliauwt«J),  and  a  coosiderable 
depression  takes  placu ;  but  ut  t)iis  epoch  the  loss  of  blood 
frequeolly  causes  aniL'Diic  convulsions. 

Siuilarly,  when  an  additiuaul  quantity  of  blood  is  injected  into 
tb«  vessels,  no  marked  incn^ase  of  b]or>d  pressure  is  observed  ao 
long  M  the  voso-nioUir  ccntru  in  the  .tpinal  bulb  is  intact  If, 
however,  the  dervical  spinal  curd  h(^-  divided  previous  to  the  in- 

{'ection,  the  prea^ure,  which,  on  account  of  the  removal  of  the 
>ulbsr  vaso-niotor  ceutre,  is  very  low,  is  permanently  raised  by  the 
injection  of  blood.  At  each  injection  the  pressure  rises;  it  falls 
somewhat  afterwards,  but  eventually  remains  at  a  higher  loveltban 
before.  This  rise  is  stJtted  to  continue  until  the  amount  of  blood 
in  tlio  vessfls  above  thu  normal  quantity  roaches  from  2  to  3 
per  cent,  of  thv  body-weight,  beyond  which  point  it  is  said  no 
further  rise  of  pr^'ssuri'  ocfur.>!.  Thi/  absence  of  any  marked  rise 
of  bloiKj  pres-sure,  so  lony  iw  tlie  bulbar  va-so-motor  centre  is  intact, 
shews  that  the  addition  of  the  extra  (juaiitity  of  blood  stimulates 
that  centre  to  increased  activity.  Hut  while  a  diminution  of  blood 
supply  seems  to  affect  the  centre  directly,  an  increase  of  bltHid 
supply  probably  acts  in  an  indirect  manner.  When  the  arteriea 
in  the  neck  nru  li^'atured.  the  rise  of  blood  pressuru  is  much  more 
tuarked  if  the  d(.'pRts.<or  ntrves  bo  divided ;  so  long  as  these 
nerves  are  intact  im)<ulsc-s  ^vassiug  nloug  them  from  the  heart 
withitUind  the  stimulating  etTects  on  the  voso-motor  centre  of  the 
loss  of  blood.  Aud  we  Tnay  perhaps  infer  that  when  an  extra 
quantity  of  blood  is  injected,  the  greater  fulness  stimulates 
tne  endings  of  the  depressor  nerves  in  the  Iieart,  and  so  by 
developing  depressor  impulses  lessens  the  activity  of  the  vaso- 
motor centre. 

Th«  hcts  stated  seem,  then,  bo  show,  in  the  first  place,  that  when 
the  volume  of  the  blood  is  inoreosod.  comiwnBation  is  effected  by 
a  les.<ieuing  of  the  periphinal  resistance  by  means  of  a  diminished 
action  of  the  vaso-mutor  ceutre,  ho  that  the  normal  blood  preesure 
remains oonKtant  They  further  fhew  that  a  much  ya-ater  quantity 
of  blood  can  be  lodged  in  thu  bliHx)  vf^seU  than  ii<  nxnually  present 
in  them.  That  the  additional  qiinntity  injected  does  remain  in 
the  vessels  is  proved  by  the  absence  of  extravasations,  and  of  any 
CaosidembU^  increase  of  the  extm-voscular  lymphatic  fluids.  U 
bu  «in»dy  b«^'<.-n  insisted  that,  in  health,  the  veins  and  capillaries 
must  be  reganled  as  being  far  from  (illod  ;  for  were  they  to  receive 
all  the  blwMi  which  they  can,  even  at  n  low  pr^-ssure.  hold,  the 
whole  quantity  of  hhnxl  in  llie  body  would  be  lodged  in  them 
alone.  In  these  cases  of  large  addition  of  bluod,  the  extra  qnnnu'ty 
appears  to  be  lodged  in  the  small  veins  and  capillahea  (especially 
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of  the  internal  oi^ans),  which  are  abnormally  diBteaded  to  contain 
the  surplus. 

Wu  learo,  also,  from  these  facts  the  two  practical  lessons :  first, 
that  blood  pressure  cannot  be  lowered  directly  in  a  mechanical 
manner  by  bleeding,  unless  the  quantity  removed  be  dangerously 
large ;  and  secondly,  that  there  is  no  necessary  connection  between 
a  high  blood  pressure  and  fulness  of  blood  or  plethora,  since  an 
enormous  quantity  of  blood  may  be  driven  into  the  vessels  without 
any  marked  rise  of  pressure. 

When  a  quantity  of  blood  or,  indeed,  of  fluid  is  injected  into 
the  veins,  the  output  from  the  heart  is  increased  and  observations 
seem  to  shew  that  the  increase  in  the  output  is  out  of  proportion 
to  the  quantity  of  fluid  injected,  indicating  that  the  result  is  of 
complex  origin.  In  spite  of  this  increased  output,  the  blood 
pressure  is  not  raised ;  the  effect  is  compensated  by  vascular 
dilation  somewhere.  Conversely  when  blood  is  withdrawn,  the 
output  is  diminished,  but  here  again  the  effect  on  the  blood 
pressure  is  soon  compensated,  this  time  by  vascular  constriction. 


§  165.  The  facts  dwelt  ou  in  ^ta  foregoine  sections  have 
shewn  us  thnt  thu  (actors  uf  tliti  vnscuJsr  mechausm  may  be 
RgardiH]  iiH  uf  two  kinds:  onecousfiutiOrapproxiiuately  coiislaul; 
tho  utlier  v«riahlti. 

Th«  coDsUint  fftctora  are  nupplied  btj*  the  length,  natural  bore, 
and  distribution  of  the  blood  vessels,  by  the  extenaibility  and 
elaiitic  reaction  of  their  walls,  ami  by  such  mecbnoical  contrivances 
as  the  valves,  lly  tho  imtural  Iwri,'  of  thi-  various  blood  vessels  is 
meant  thu  diaiii'.-t«r  which  each  wmild  hhsuiuu  if  the  muscular 
fibres  wcru  wholly  at  rt-st.  and  the  prfssiiiw  of  lliiid  within  the 
Tossel  wen;  o<nial  to  the  preasure  ont-^idi).  It  is  obvious,  however, 
Uiitt  even  th'^se  factors  ara  only  approximately  conxlant  for  tho 
Utt  of  an  individual.  The  length  and  distribution  of  tliR  vessels 
ebADge  with  the  growth  of  the  whole  body  or  parts  of  Uie  body, 
and  the  physical  qualitii-s  of  the  walls,  especially  of  the  arterial 
walls,  their  extensibility  and  idtistic  taction  chnngo  continually 
with  the  age  of  the  individual.  A«  the  body  grows  older,  the  once 
supple  and  elastic  arteries  become  more  and  more  stiff  and  rigid, 
and  often  in  middle  life,  or  it  niay  be  earlier,  a  lessoning  of  arterial 
Rsilienco  which  proportionately  impairs  the  valne  of  tlie  vascular 
nwchanism  as  an  agent  of  nutrition,  mark.s  a  step  towards  the 
grave. 

The  chief  variable  factors  are  on  the  one  hand  the  boat  of  th« 
heart,  and  on  the  other  the  periphoral  itisist^nce.  the  varialinn^  in 
the  latter  being  ^hietly  brought  about  by  muscular  contraction  or 
relaxation  in  the  minute  arteries,  but  aUo.  though  to  what  extent 
has  not  jet  been  accurately  determined,  by  the  condition  of  the 
minute  ves«cls  aocording  to  which  the  bbiod  can  pass  through 
them  with  Icm  or  with  greater  ease,  as  well  as  by  the  character 
of  the  circulating  hlooil. 

These  two  chief  variables,  the  beat  of  the  heart  and  the  wiiith 
of  the  miniit«  arteries,  are  known  to  bo  governed  and  regulated  by 
the  central  norvons  system,  which  adapts  each  to  the  circumstances 
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of  the  moment,  nnd  at  the  snnie  time  brings  the  two  into  mutual 
dependence ;  but  the  central  nervous  system  is  uoL  the  only  means 
of  government:  there  are  other  modes  of  regulation,  and  bo  other 
safeguards. 

§  166.  Let  us  first  consider  the  hciirt.  Tin;  object,  if  wc  may 
usu  till.'  fxprt'ssion,  <>t  the  syslol«  of  lliu  vt-ntridu  is  f  i  scfure 
lUii  needed  arterial  jiressnre ;  it  i-*  this,  a*  we  iiavo  seen,  which 
drives  the  blood  through  the  capillaries  back  to  the  heart.  To  do 
this  the  ventricle  must  deliver  at  the  stroke  a  certain  quantity  of 
blood,  eserting  thu  pressure  required  to  lodge  the  blood  in  the 
arteries,  and  repuating  the  stroke  at  appropriate  intfn'als.  Hence 
the  work  don«  will,  in  jmrt,  depend  on  tlie  quantity  of  blood 
collect*d  in  the  ventriclo  dnriti^j  the  diastole,  that  is  im  the  inflow 
from  the  venous  sj'^tvni.  If  the  (juantity  broni^ht  U:  too  small, 
then  thougli  the  wliole  contents  of  the  ventricle  be  ejected  with 
adeijuate  force  at  each  stroke,  and  the  stroke  repeated  regularly, 
the  ventricle  will  fail  in  its  object;  speaking  generally  we  may 
say  that  a  lessened  venous  intfovr  will  tend  to  lessen,  and  an 
increased  venous  inflow  will  Wm]  to  incrtiisi?  the  work  of  the  heart. 
This  venous  inflow  is  dejicnKifnt  on  various  causes,  iind  may  be 
variously  modified  by  various  events. 

The  blood  in  (ill'iog  the  ventricle  distends  its  walls,  and  this 
distension,  especially  the  fuller  distension  resulUna  from  the 
auricular  systole,  also  influences  the  ventricular  stroke ;  for  the 
contraction  of  the  cardiac  fibre,  like  that  of  the  skeletal  muscular 
fibre,  is  increased  up  to  a  certain  limit  by  the  fibre  being  put  on 
the  stretch  {§  140),  This  influence,  however,  is  Mmru  distinctly 
seen  on  tlie  arterial  side.  The  greater  the  arterial  prLw.<ur« 
against  which  the  ventricle  has  to  deliver  its  contents,  the  gri-ater 
tlie  tension  of  the  ventricular  walla;  and  hence,  a  high  arterial 
pressure  tends  of  itself  to  enforce  the  ventricular  systole.  As  in 
tlie  skeletal  muscle,  however,  this  beueflcial  influence  soon  reaches 
its  limit 

§  187.  The  spontaneous  beat  of  the  heart  is  the  outcome  of 
the  nutrition  of  the  cardiac  tissui'S.  In  the  absence  of  all  inter- 
ference by  iidiibitory  or  augmentor  fibres,  the  heart  will  continue 
beating  with  a  certain  riiytlim  and  force,  determined  by  the 
metabolism  going  on  in  its  muscidnr  and  ner\'ous  clement^.  Tlio 
beat  therefore  will  be  inllnenced  by  aiijthing  which  alTects  that 
metabolism.  Aud  the  obvious  and  direct  cause  of  changes  in  the 
nutrition  and  so  in  the  behaviour  of  the  heart  lies  in  changes  in 
the  quantity  and  quality  of  the  blood  supplied  to  the  cardiac  tia- 
Bues,  In  the  mninmal  this  means  the  quantity  and  quality  of  the 
blood  flawing  through  the  cwrouary  arteries. 

If  in  a  nmnimnl  the  coronary  arteries  l>e  tied  or  otherwise 
occluded  the  heart  in  a  few  seconds  comes  to  a  stjtndstill ;  this, 
which  always  results  if  both  arteries  Ite  tied,  somelinics  if  one 
only  be  tied,  is  preceded  b;  an  irregularity  oi  by  changes  in  tlie 
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beat  and  is  followed  by  fibrillar  contractioiis  of  pnrls  of  the  v«o- 
tticlcs.  This  is  an  extrfinc  case,  bul  it  illustrates  in  a  strikiug 
TDnnn«r  how  cIo»eIy  tlie  rhythmic  contraction  of  the  cardiac  fibres 
is  dojxiiiiient  on  the  blood  siipjily. 

Tlie  ([iiantity  of  blood  llowing  through  the  coronarj-  arteries  is 
dependent  on  the  preBsiiie  in  thu  aorta,  or  ralher  on  the  difference 
between  that  pressure  and  tho  pri'Ksurv  iu  the  right  uunclL>  into 
which  the  coronary  veins  open,  and  on  the  ri.'sistuuco  ofTcrud  by 
the  coronary'  vessels.  Heiice  with  a  high  anrtii.^  [iressure,  wore 
blood  passes  to  tlie  cardiac  tisstue..  Thw  i*  at  least  favourable  to 
the  dvvidopinont  of  ilie  beat,  and  may  be  the  direct  caiLse  of  a 
«tron>^r  stroke  ;  indeed  observations  seem  to  shew  this.  Thus  a 
high  aortic  prtissure  itself  helps  the  heart  to  the  effort  necessary 
to  overcome  that  high  pressure.  Convorscly  a  low  aortic  prusstire 
would  Himilarly  tend  to  spare  the  heart  an  unnoccssary  exertion. 
As  to  how  the  heart  may  bu  inSuenced  by  changes  in  the  width 
of  the  coronary  arteries  bruti;;ht  about  by  vaso-mutor  action,  we 
bavB  at  present  but  little  definite  kiiowb-dge. 

More  important  .still  than  the  iinanlily  is  the  quality  of  the 
blood  ticiwing  thniugh  the  coronary  vcviels.  We  shall  have 
occaKion  ill  treating  of  respiration  to  speak  of  the  manner  in 
which  blood  dettcient  in  oxygen  or  overladen  with  carlwnic  acid 
affecta  the  beat  of  the  heart ;  and  we  may  here  be  content  to  point 
out  tliat  every  change  in  the  constitution  of  the  blood,  whether 
arising  from  the  pR-«i-nce  of  !<ub,'jt»ncfs  such  us  drugs  and  poison.s, 
introduced  from  wiUjoiit,  or  of  sub»tanc«*  manufactured  in  this 
or  that  tissue  of  the  body  or  resulting  from  the  absence  or  paucity 
or  from  excess  of  one  or  more  of  the  normal  constituents,  may 
aufavourably  or,  it  may  be,  favourably  affect  the  heiirt  beat,  by 
directly  inlluencing  the  cardiac  tissues  throagh  the  coronary 
arteries.  These  changvs  in  th«  blood  may  of  course  also  work 
upon  the  heart  through  the  central  nervous  system,  and  this 
indirect  effect  may  poct^ibly  be  different  from  the  direct  effect. 
Thus,  when  the  breathing  in  interfered  with,  the  too  highly 
Ti-nous  blood,  while  it  acts  directly  on  the  cardiac  tissues  and  that 
unfavourably,  also  stimulates  the  cardio-iiibibitory  centre,  whereby 
thu  heart  is  9lowe<I  and  its  expenditure  of  energ>'  lessened. 

§  188-  Aa  is  well  known,  the  l>eat  of  the  heart  may  liecome 
temporarily  or  permanently  irregular.  That  many  hearts  go  on 
Iieating  day  after  day.  year  after  ye.ir.  without  any  such  irregu- 
larity is  a  striking  proof  of  the  cimplete  biiliince  which  usually 
obtains  between  the  wjvi-ial  factors  of  which  we  are  speaking. 
Sometimes  such  cardiac  irregularities,  thos«  of  a  transient  nature 
and  brief  duration,  are  the  results  of  extrinsic  nervous  influence*. 
Some  events  taking  place  in  the  stomach,  for  instance,  gire  rise  to 
afferent  inu>u1.v>s  which  ascending  from  the  mucous  membrane  of 
the  stomaA  along  certiiin  afferent  fibres  of  the  vagus  to  the 
tpiual  bulb,  so  augment  tlic  action  of  the  cardio-inbibitory  centre 
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as  to  stop  the  henrt  for  a  bt-al  or  two,  the  stoppi^e  being  fre- 
quently followed  by  a  temporary  increase  in  llie  rapidity  and  force 
(H  tliQ  beat.  Such  a  pa»Mng  failure  of  the  heart  bent,  iii  its 
sudilen  oiiset,  in  its  brief  duration,  and  in  the  reaction  which  fol- 
lows, very  closely  resembles  the  complete  but  temporary  inhibiiion 
brought  about  by  nrtilicial  stimuhuion  of  the  vagus.  And  as  we 
have  seen  the  iiiliibitory  action  o(  the  vagus  ia  esjx-cially  prone  to 
be  set  going  by  afferent  impulses  passing  up  to  the  central  ner- 
vous systetn  from  tho  viscera. 

The  etl'ects  however  wliieli  we  prodnce  by  our  rough  means  of 
direct  stimulation  of  the  trunk  oi  the  vagus  do  not  afford  a  true 

Iiicture  of  the  action  of  the  cardio-iiihibilory  meclianisui  in  the 
iving  body;  we  come  nearer  to  this  when  we  ohtain  inhihiUoii  iu 
a  reflex  manner.  Krom  the  knowhdge  gained  in  ihia  way  we 
moy  infer  that  the  fainting  which  comes  Ironi  pain,  emotions  and 
the  like,  is  due  to  the  action  of  the  inhibitory  mechanism. 
Several  forms  of  irrc"ular  heart  bent  arc  probably  brought  about 
by  the  snniu  mechnuism;  wc  may  in  this  relation  cidl  to  mind 
that  one  effect  of  the  action  of  the  inhibitory  fibres  is  tg  proiluce 
not  merely  slowing  or  weakeuiug  but  distinct  irregularity  of  the 
heart  beat. 

JIany  observations  shew  that  the  cardio-inhibitory  mechanisDi 
may  be  atlectcd  by  afferent  impulses  or  otherwise  in  two  different 
ways.  On  the  one  hand  the  cardio-inhibitory  centre  may  he 
thrown  into  action,  or  when  nlready  in  action  may  have  its  action 
increased  ;  on  the  other  band  if  nlreiidy  in  action,  that  action  may 
be  lessened  ;  the  inhibition  may  it-self  bu  inhibited.  The  division 
of  both  vagus  nerves  in  the  dog  alTords  «u  iii.slancd  of  the  effect 
on  the  heart  of  arresting  previously  existing  inhibitory  impulses. 
Hence  it  Injcomes  difTicuH  in  the  complex  living  body  to  distio- 
guish  between  an  augmeniation  due  to  activity  of  the  augmentor 
mechanism  and  one  due  to  suspension  of  the  previously  active 
inhibitory  mechanism.  The  two  may  probably  be  distiuguLahed 
by  studying  the  details  of  the  behaviour  of  the  henrt  iu  tho  two 
coses.  Failing  this  it  ia  difficult  to  say  whether  a  cuse  of  that 
irregularity  of  the  heart  which  we  call  'palpitation'  has  been 
brought  about  positively  by  the  one  medianisni  or  ncgntivcly  by 
iho  other. 

We  must  remember,  moreover,  that  irregularity  in  the  heart 
beat  in  at  least  a  large  number  of  cases  is  the  result  not  of  ner- 
vous inilueuces  from  wittiout,  but  of  intrinsic  events.  For  in- 
stance, in  many  cases  the  irregularity  of  the  heart  beat  is  wholly 
unaffected  by  atropin,  and  therefore  cannot  bo  due  to  vagus 
Bcdon.  It  ia  very  often  the  result  of  what  we  may  call  a  dia- 
ordered  nutrition  of  the  cardiac  substance,  though  we  cannot  state 
tlic  exact  nature  of  the  disorder. 

§  169.  We  may  repeat  that  the  effect  of  inhibitory  ftCtiOD  ia 
to  leweu  the  exi>enditure  of  energy  and  bo  to  aaaist  the  hMxt  tor 
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futtiTG  efforts :  it  faves  the  heart  at  the  «x]>enH«  of  the  rest  of  the 
economy.  The  bvnrt,  so  far  as  we  know,  cannot  in  the  working 
of  the  living  economy  be  brought  to  a  final  arrest  by  the  simple 
action  of  llw;  vn^iis.  The  cITect  of  the  augmenlor  aetiou  on  the 
other  hand  is  to  iiicr&a%-  the  expenditure  of  energy ;  it  save.H  the 
n-st  of  the  e<;onomy  at  ihv  exiKinso  of  the  hvurL  And  jiroliiibly 
in  sonii;  east-^s  nugmentor  aciion  may  Wing  about  tlie  cvs^ition  of 
the  heart  lioat  I)i.tor(Iere<l  cardiac  nutrition  shews  itself  fre- 
quently in  a  dilated  condition  of  the  ventricles ;  the  systole  is 
inadequate  to  secure  an  adequate  discharge  into  the  arteriei),  the 
residual  blood  in  tlie  ventricles  is  increased,  .  If  the  augment«r 
mechanism  be  brought  to  bear  on  such  a  weakened  aQil  dilated 
ventricle,  it  miiy  induce  a  fruitless  expenditure  of  energ)- ;  the 
beat  tlimigh  iricrea!«nl  is  still  iiiailequate  to  secure  the  uceded 
diseliarjie  of  the  contents*,  whili-  the.  fibre  is  exhausted  by  the 
increastfd  metabolism.  And  the  Hnal  reitult  of  ^ucli  an  elTort  may 
be  thi!  eeasation  of  the  beat. 

§  170.  Turning  now  to  the  minute  arteries  and  the  peripheral 
resistAnce  which  they  regubite,  wa  may  eall  to  mind  the  existence 
of  the  two  kinds  of  mwhunism,  the  vaso-constrictor  mechanism, 
which,  owing  to  Ihi;  uiaintenauee  by  the  central  nervous  system 
of  a  t'inic  intlucnce,  can  Iw  workeil  both  in  a  positive  constrictor, 
and  in  a  negative  dilator  direction,  and  the  vasodilator  niechauisiu, 
which,  ao  far  aa  wf^  know,  everta  its  influence  in  one  direction 
DDly.  viz.  to  dilate  the  blood  vesseU.  The  latter,  dilator  mechan* 
iam  seems,  as  we  have  seen,  to  hi-  used  in  special  instances  only, 
u  8een  in  the  cases  of  tlie  chorda  tynipani  and  ner\i  erigentei ; 
the  use  iif  the  foruidr.  coustrict^^r  niechnni^m  iri'iiears  to  Ije  more 
general.  Thus  the  relaxation  of  the  cutaneous  nnvrie-s  of  the  head 
aod  neck,  which  is  the  essential  filature  in  blushing,  seems  due  to 
mere  Ioks  of  tone,  to  the  removal  of  constrictx>r  iiiHut'uces  previ- 
ously  exerted  through  the  vaso-constrictor  fibres  of  the  cervical 
srmpathetic.  Though  probably  dilator  fibres  pass  directly  along 
the  roots  of  the  cervical  and  of  certain  cranial  nerves  to  the  nerves 
of  the  head  and  neck,  we  have  no  evidence  that  these  come  into 
play  in  blushing ;  as  we  have  seen,  blushing  may  be  imitated  by 
mere  section  of  the  cervical  sympathetic.  So  also  the  'glow'  and 
redness  of  tlte  skin  of  the  whole  Ifody,  i,  r.  gi-ueral  dilation  of  the 
cutaneous  arteries,  which  is  produc^-d  by  external  wannth,  is 
|>rohably  another  instani'rt>  of  diminished  activity  of  tonic  con* 
Itltctor  infinences;  thou^di  the  result,  that  the  dilation  produced 
by  warming  an  animal  in  an  oven  is  greater  than  that  proiluced 
by  section  of  nerves,  seems  to  point  to  the  dilator  fibres  for  the 
entaneous  vessels  which,  as  ne  have  seen,  proliably  exist  in  the 
Bciatic  and  brachial  plexuses  and  possibly  in  oil  the  spinal  nervei^ 
also  taking  part  in  the  action.  A  simitar  loss  of  constrictor  action 
in  the  cutaneous  vessels  may  be  the  result  of  certain  emotions, 
whether  going  ao  far  a«  actual  hlunhing  ut  the  body,  or  merely 
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producing  a  'glow.'  The  wnrm  anil  Unshed  condition  of  the  skin, 
which  follows  the  drinking  of  alonholic  HuiiU,  is  prohnbly,  in  a 
simitar  maniifir  the  result  of  an  inhibition  of  that  part  of  the  vaao- 
motor  centre  which  governs  the  cutaneous  arteries.  The  effect  of 
cold  UD  th(i  ulbvr  hnnd,  iind  of  certain  emotione,  or  of  emotions 
under  certain  cimditions,  is  to  incrciifiL-  tlie  constrictor  uction  on 
th«  (■iitaMcoiis  ve!"!<elt».  and  the  skin  tpuws  iiilu.  It  may  be  worth 
while  lo  point  out.  that  in  lioth  tin;  iilmve  cnses,  while  both  the 
cold  and  tlie  warmth  produce  ihdr  frtfect.*,  chiefly  at  all  events 
tlirough  the  central  nervous  system,  and  very  slightly,  if  at  all, 
by  direct  action  on  the  skin,  their  action  on  the  central  nervoun 
system  is  not  simply  a  general  auRnientiition  or  inhibition  of  the 
whole  viiso-motor  centre.  On  the  contrary,  the  cold,  while  it 
constrict''  Ihi;  cutaneous  vessels,  so  acts  on  the  vnso-motor  centre 
as  to  iiiliihii  that  |ioition  of  the  vfiNn-nmlor  centre  which  governs 
the  abdominal  splanchnic  area;  while  ht^n  hliKid  \»  carried  to  the 
colder  skin,  hy  the  o|«ning  up  of  the  splanchnic  area  more  hl<H>d 
is  turned  on  to  the  warmer  regions  of  the  body,  and  the  rise  of 
blond  pressure  which  the  constriction  of  the  cutaneous  vessels 
tended  to  produce,  and  which  tLiight  he  undesirable,  is  hereby 
prevented.  Conversely,  when  warmth  dilates  the  cutaneous  ves- 
sels, it  at  the  siime  time  constricts  the  nbdomimd  t^plauchnic  area, 
and  prevents  an  nnde.'<irah!c  full  of  pressure, 

§  171.  The  inliuence  on  the  body  of  exercise  illustrates  both 
the  manner  in  which  the  two  vascular  factors,  the  heait  lieat  and 
the  peripheral  resi^-tana-.  ai«  modified  by  circumstances,  and  the 
mutual  action  of  these  on  eacli  other.  This  inthience  is  exceed- 
ingly complex,  and  we  cannot  treat  it  pro})erly  until  we  have 
studied  several  physiological  matters  to  which  we  shall  come 
later  on.  We  can  here  only  touch  in  u  geneiKl  way  on  some 
salient  points. 

We  know  from  supierfieial  observation  that  during  active 
exertion  the  breathing  is  increased,  the  lu'art  heati*  more  quickly 
and  apparently  with  greater  vigour,  ami  the  skin,  fiushed  with 
blood,  pers|>tri^'«  freely. 

The  n-peatM  strong  contractions  of  the  skeletal  muscles  to 
which  we  turn  as  the  ultimate  cause  of  these  events  affect  the 

■  body  in  two  main  ways,  the  one  chcmit^l.  the  other  physical 
I  When  the  muscles  contract  they  take  from  the  bhwd  a  larger 
I  amount  of  oxygen,  th«y  give  up  to  the  ld<Mjd  a  larger  amount  of 
I  carbonic  acid,  and  they  dischaige  int"  the  blood,  cither  directly 
I  into  the  Citpillnrii's  of  the  muscles  or  indirectly  thriiut;h  the  lymph 
I  stream,  a  quantity  of  sulwtanccs,  probably  of  several  kinds,  such 
I              as  sarcolaetic  acid  and  the  like,  which  arise  from  the  metabolism  of 

■  the  muscular  sulistauce.  The  blood  lea\'ing  a  muscle  at  work  is 
I  chemically  different  from  the  blood  leaving  a  muscle  at  rest. 
I  There  i*  al*o  a  physical  change,  Iluring  the  contiaction  of  a 
^^^        muscle  the  blood  vessels  are  dilated;  this  when  many  muscleu 

Bi< to 


CiiAP.  IT.]         THE  VASCULAR   MECIIA^ISU. 


S03 


I 


are  at  wortc  would  lead  unless  compnsated  U>  a  lessening  of  peri- 
pheral resistance,  and  so  to  a  fall  ot  nrlerial  pa-ssure,  for  the 
minute  vessels  of  tlie  musck's  furin  a  lar^-c  purl  tif  the  wbulu 
system  of  minute  vessels  of  the  body  ;  at  the  same  tJtDu  it  would 
ioorease  the  venous  iiitlow  into  the  hearU 

Now  wc  shall  later  ou  point  out  thai  ilte  increased  lireaihing 
which  follows  upon  ex«rt.inti  i;<  <lue  to  the  chemical  changes  thus 
pr.Kiuc<!d  in  tlie  bhmd,  and  not  only  to  the  diminution  of  oxygen 
and  increase  of  carbonic  acid,  but  also  and  perhaps  especially  to 
the  presence  of  the  other  products  of  metabolism  referred  to 
above.  Indeed  we  have  reason  to  think  that  the  incrt-ase  in 
brcuthing  is  sufGcieiit  to  mainlnin  tim  blood  in  a  normal  condition 
80  far  as  oxygen  atid  carbonic  acid  are  concerned ;  the  bloud  is  noi 
morevenons  during  exertion  than  during  I'est,  il  is  pawibly  less 
venous.  The  increased  brealliiiif;  howevt-r,  Uiough  it  clears  the 
blood  of  the  excess  of  carlHxdc  acid,  leaves  l)ehind  in  the  blood  the 
other  muscular  products,  ready  to  produte  their  elfects  on  the  body 
before  they  are  jjot  rid  ot  by  orptina  other  than  the  lungs. 

This  increased  breathing  promotes  loechanically,  as  wo  shall 
point  out  later  on.  thj  How  of  blood  to  the  heart  and  through  the 
lungs.  And  this  togother  with  the  increased  venous  How  from 
th«  contracting  niusck'.s  favnurt  ibu  In-at  of  the  heart,  »u|»plying 
the  means  for  a  grrater  output  and  proljably  also  tending  to 
increase  the  force  of  the  systole. 

But  there  are  other  inliuences  at  work  on  the  h«arL  The 
chanees  in  the  blood  and  probably  the  presence  of  the  above 
mentioned  metabolic  products,  no  less  than  the  excess  of  carbonic 
acid.  80  alTect  the  vaso-motor  centre  as  to  lead  to  a  great  widening 
of  the  cutaneous  vessels ;  at  thv  same  time  as  we  sbatl  fee  these 
M>  affect  otlier  jiarts  wf  the  central  nervous  system  us  to  lead  to  a 
great  activity  of  (hn  sweat  glandn,  liy  mean*  of  which  lh<;  jirixlucts 
in  question  are  got  rid  of  or  rendered  uiert.  Rut  the  wideuing  of 
the  ves.««ls  of  the  skin  and  of  many  muscles  at  the  same  time 
luuat  unlets  compensated  lead  to  a  fall  of  arterial  pressure.  We 
have  evidence  however  that  the  arterial  presAure  does  not  fall,  in 
fact  may  l>e  higher  than  normnl ;  a  very  marked  compensatioD 
must  therefore  take  phm\     This  is  probably  of  ii  doublu  nature. 

On  the  one  hand,  the  altered  blood  increases  thu  work  of  the 
heart,  enaHing  it  by  a  tiuicker  rhythm  or  a  strongi-r  stroke  or  by 
both  combined,  to  avail  il.'ieif  of  the  advantages  of  the  gfMt'r 
ip-enons  inflow  and  to  increase  ita  output,  whereby  tlie  arterial 
pressure  increases.  We  cannot  suppose  tliat  this  increased  work 
is  doe  to  the  direct  effect  of  tlie  altered  blood  on  the  cardiac 
muscles,  for  the  altered  blood,  ia  distinctly  injurious  to  muscular 
tissue.  The  increase  of  the  heart's  work  is  gained  in  spite  of  this 
inlhiwncv  of  the  altered  blood,  and  is  due  to  th>^  intv^^'e)lliou  of 
the  ivnlral  nervous  cVKtem.  There  arc  several  facts  which  seem 
to  support  the  view  that  the  alt«Ted  blood  throws  into  activity  the 
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aufrmpiitor  Bysteni,  and  thus  hy  iucreasing  the  work  of  the  heart 
niiiies  or  itiuitiuiiis  the  arttTial  pivesiire. 

On  th«  "iliuT  liani.1,  we  hiiVL-  n-asuu  to  think  that  while  that 
part  of  the  vaso-nmlur  C-t-nlre  which  ■.'■ivt-nis  the  cnlaiit^us  vns- 
cularareaiit  being  inhil>iu>tl,  that  ]>:irl  which  (;iivern»  the  ahdomiiial 
splanchnic  area  in  on  the  contrary  being  augmented.  In  Uiist 
way  a  double  end  is  gaiued.  Un  the  one  hand,  the  mean  bhwd 
pressure  ia  DiEtinlaiinxl  or  increased  in  a  more  economical  manner 
than  by  iucR'nsin;;  the  heart  beats,  and  on  the  other  hand,  the 
blood  during;  Ibu  exvrcise  is  turned  away  from  the  dif^tive  otRaus 
which  at  the  time  aru  or  ou;;ht  lu  lie  nt  rest  and  thervfurs 
requiriug  comparatively  littl«  blood.  These  orj^ns  ccrtiiiuly  at 
all  events  ought  not  during  exercise  to  b<>  engaged  iu  the  task  of 
digesting  and  absorbing  food,  and  the  old  Raying, " after  dinner  sit 
awhile."  may  ser^'e  as  an  ilhistration  of  the  working  of  the  vascular 
mechanism  with  which  we  are  deiiling.  The  duty  which  some  of 
the  digestive  organs  have  during  evercise  to  carry  out  in  the  way 
of  excretion  of  iiietalKjlic  wnste  products  is  as  we  have  already 
said  probably  taken  on  by  the  flushed  and  perspiring  skin.  It  ia 
true  that  at  the  beginning  of  u  period  of  exercise,  liefon^  the  skin 
so  to  speak  has  settled  down  u>  il»  work,  au  increased  How  of 
nrine,  dept-ndeut  on  or  accompanied  by  an  increased  Bow  of  UwA 
through  the  kidney,  may  make  ibt  api>caiance;  but  in  this  ea.se, 
08  we  shall  see  later  on  in  dealing  with  ibe  kidney,  the  ttow  of 
blood  through  the  kidney  may  be  increased  in  spite  of  constriction 
of  the  rest  of  the  splanchnic  area,  and,  besiiles,  such  an  initial 
incroasK!  of  urine  spi'edily  gives  way  to  a  decreiise. 

§  172.  The  effect  of  food  un  the  vaecular  mechanism  afToids  a 
marked  ooutrast  to  the  effect  nf  bodily  labour.  The  most  prominent 
iKSult  is  a  widening  of  the  whole  alxlominal  vaseular  area,  accom- 
panied by  so  iiiiich  cuiistriclion  of  the  cnianeona  vascular  area 
ami  80  much  increase  of  the  heart's  beai  as  are  sutbcient  to  neutra- 
lize the  tendency  of  the  widening  of  the  abdominal  vascular  area 
to  lower  ttie  mean  pressure,  or  perhaps  eveii  sufficient  to  raise 
slightly  the  mean  pressure. 

TIms  widening  of  the  ahdominal  vascular  arta,  a»  we  liAnj 
M«ii  (§  157),  is  prolmbly  au  inhibition  of  tonic  vaso-cotistrictor 
iinpulsvit  aa  a  rellex  acl^  amsted  patutibly  by  some  local  action 
dite  to  lli«  presence  of  the  food  and  similar  to  that  supposed  to 
t«ke  pl.ire  in  the  skeletal  muscles  during  contraction.  We 
have  at  present  no  clear  evidence  that  the  absorbed  products 
of  d^ieation  play  any  importanc  part  in  tliis  splanchnic  ddiitiou  by 
acting  on  toe  central  nervous  s^fstCDi;  but  the  concomitant 
iDCiMsA  of  the  heart  bi-at  is  ]>r'ibiibly  due  to  this  cauiK-.  We  have 
DO  exact  knowledge  of  bow  the  ftt)sorbiHi  pniducLt  bring  this 
about^and  pxpK-^ibly  the  mode  of  action  ilifTers  with  the  different 
OODStituents  of  food.  With  ru^rd  to  alcohol,  which  is  so  often 
part  of  n  meal,  we  may  peritap  f&y  that  the  character   of  its 
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effects,  the.  quickening  and  strengthening  of  the  beats,  seems  to 
point  to  its  setting  in  action  the  augmentor  mechanism,  but  it 
also  probably  acts  directly  on  the  cardiac  tissues.  In  any  case  the 
effects  depend  largely  ou  the  dose,  and  if  this  is  large  the  direct 
effects  become  prominent,  and  the  ultimate  result  is  a  deleterious 
weakening. 

Any  lai^  widening  of  the  cutaneous  area,  especially  if  accom- 
panied by  muscular  labour  and  the  incident  widening  of  the 
arteries  of  the  muscles,  would  tend  bo  to  lower  the  genenil  blood 
pressure  (unless  met  by  a  wasteful  use  of  cardiac  energy)  as 
injuriously  to  lessen  the  Sow  through  the  active  digesting  viscera. 
A  moderate  constriction  of  the  cutaneous  vessels  on  the  other  hand, 
by  throwing  more  blood  on  the  abdominal  splanchnic  area  without 
tasking  the  heart,  is  favourable  to  digestion,  and  is  probably  the 
physiolf^ical  explanation  of  the  old  saying, "  If  you  eat  till  you  're 
cold,  you  "11  live  to  be  old." 

In  fact  during  life  there  seems  to  be  a  continual  give-and-take 
between  the  blood  vessels  of  the  somatic  and  those  of  the  splanchnic 
divisions  of  the  body :  to  Ull  the  one  the  other  ia  proportionately 
emptied,  and  vice  versa. 

§  173.  In  the  following  ssctions  of  this  work  we  shall  see  re- 
peated instances,  similar  to  or  even  more  striking  than  the  above, 
of  the  maungement  of  the  vascular  mechanism  by  means  of  the 
nervous  system,  and  we  therefore  need  dwell  no  longer  on  the  sub- 
ject We  may  simply  repeat  that  at  the  centre  lies  the  cardiac 
muscular  fibre,  and  at  the  periphery  the  plain  muscular  fibre  of  the 
minute  artery.  On  these  two  elements  the  central  nervous  system, 
directed  by  this  or  that  impulse  reaching  it  along  afferent  nerve 
fibres,  or  affected  directly  by  tliis  or  that  influence,  is  during  life 
continually  playing,  now  augmenting,  now  inhibiting,  now  the  one, 
now  the  other,  and  so,  by  help  of  the  elasticity  of  the  arteries  and 
the  mechanism  of  the  valves,  directing  the  blood  flow  according  to 
the  needs  of  tlio  body. 
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CHAPTER  I. 
THE  TISSUES  AND  MECH-VNISMS  OF  DIGESTION. 


§  174.  The  fmid  in  pnssing  along  the  aliraeiitar)'  canal  is 
subjected  to  the  actioo  «i  twrtain  juici-s  supplied  by  the  secretory 
activity  of  the  cpitbvlium  cells  which  lino  the  canal  itself  or 
whivli  form  part  of  its  glaadular  a[ipL-iidu^'L's.  These  juices  (viz. 
saliva,  gastric  juice,  bile,  pancreatic  jui<v,  and  tho  Sfcrutions  of  the 
small  and  large  intostines),  poured  upon  nnil  niin^liu;;  with  tlic 
fiKxI,  produce  in  it  such  changes,  that  from  heirij;  lary^dy  iusulublo 
it  becomes  largely  soluble,  or  utlr^rwise  modify  it  in  such  a  way 
that  the  laTjiier  part  of  what  is  eat«u  passes  into  the  btnod,  either 
directly  by  means  of  the  capillfirics  of  the  alimentary  canal  or 
indirectly  by  means  of  the  lacteal  system,  while  the  smaller  part 
is  dischar}p»l  as  est-reinuut. 

Those  |^<arts  of  the  food  which  are  thus  digested,  ahsorbc-d  and 
made  uso  of  by  tho  boily,  are  spoken  of  as  /<Md-«lwffa  (they  have 
also  b«!n  calKJ  alimfntari/  prinripltt)  and  may  be  conveniently 
dividetl  into  four  great  classes, 

1.  PrtiUidi.  We  have  previously  (§  15)  spoken  of  the  chief 
characters  of  this  olas-i,  and  nave  dealt  with  several  memhers  in 
trt-ating  of  blood  and  muscle.  We  may  here  repeat  that  in  jienera) 
composition  they  contain  in  100  parts  by  weight  "in  round 
Dumbers "  rather  mon:  thiiii  15  parts  of  nitmKen,  rather  more 
tbau  50  |MTt«  of  carbon,  at>oul  7  I'tirt:^  of  liydro-^-n,  and  rather 
more  than  20  prt^of  oxygen;  though  e«seiitinl1y  tlie  nitrogenous 
biMli4-j<  of  food  and  of  t)ie  l)ody,  tliey  art!  made  up  of  carbon  to  the 
extent  of  more  than  half  their  weight. 

The  nitrogenous  l)oily  ;jir/<i(iit,  which  occurs  laraely  in  animal 
fo.id.  and  some  other  bodies  of  less  importance,  while  more  closely 
allied  to  proteid  bodies  than  to  any  other  class  of  or^nic  sub- 
stances, diRer  considerably  from  proteids  in  composition  and 
especially  iu  thNr  Iwhuviour  in  the  luidy ;  tht-y  are  not  of  suBicittot 
imptntsnce  to  form  a  class  by  themselves. 
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2.  /"(xid.  frequently  but  eiTttneouslycallL'd  Hydrocarbons.  Thef© 
vary  very  widuly  in  oliemical  com^uvitioii,  rniif'iiijj  from  such  n 
com parii lively  simple  fat  as  butyriii  tn  tlie  liijjdly  complex  kcithin 
(§  '5(5);  lh«y  nil  possess,  in  view  of  tlie  oxiilalioti  of  both  their 
carbou  ami  their  hyiirngen,  a  large  nimtunt  of  poU-iitinl  energy. 

3.  Vurho-hydratcH,  or  sugars  aud  starches.  Tiiese  Jmssef's 
weij^hl  for  weight  relatively  less  potential  energy  than  do  fats; 
they  already  contain  in  theuiHelveJs  a  large  amount  of  coiriliiued 
oxygen  and  when  completely  oxidised  give  out,  weight  for  weight, 
less  heat  than  do  fiUs. 

4.  Saliiuf  fir  Mineral  lio<Hr.»,  and  Water.  Thtise  salts  are  for 
the  most  [tart  inorganic  aalt.i ;  and  tills  class  iliffi'rs  from  the  three 
preceding  classes  inasmuch  as  the  n.'cfiilness  of  its  menibeR  to 
the  body  lies  not  so  much  in  the  amount  of  eiiorjjy  whieL  may 
be  given  out  by  thuir  oxidation,  as  in  the  various  inthiencts  wlikh, 
by  their  presence,  they  exercise  on  the  metabolic  events  of  the 
body. 

These  aeverul  food-stuIVs  ore  variously  acted  upon  in  ihe 
se^'eral  parts  uf  the  alimentary  canal,  aud  wc  may  distinguif<]i,  as 
the  food  pnescff  along  the  diyestive  truel,  thice  main  stugea: 
digestion  in  the  mouth  and  .<tomncb,  ilij^vstiou  in  the  small 
iotestine,  aud  digestion  in  the  large  inleKtine.  In  many  animals 
the  first  stage  ia.  to  a  large  extent,  prexiaiatory  only  to  the  second 
which  in  all  animals  is  the  stage  in  which  the  frod  undergoes  the 
greatest  change;  in  tlie  third  stage  the  changes  tegnn  In  ihe 
previous  stages  are  completed,  and  this  stage  is  especially  chniac- 
t«ri.ifid  by  the  absorption  of  liuid  from  the  inteiior  of  the  alimen- 
tary canal. 

It  will  be  convenient  to  study  ihese  «Uiges,more  or  less  nport, 
though  n<it  wholly  so,  and  it  will  nlj'O  be  convenient  to  couMdor 
this  whole  subject  nf  digestion  under  tJje  following  hends:^ 

First,  the  characters  and  proi>ertie8  of  the  vaiious  juices,  and 
the  changes  which  they  bring  about  in  the  food  eaten. 

Secondly,  the  nature  of  (he  procesHcs  by  means  of  uhich 
the  epithelium  cells  of  the  various  glands  and  vnrious  tracts  of 
the  canal  are  able  to  manufacture  so  mimy  various  juices  out  of  the 
common  source,  the  blood,  and  the  manner  in  which  the  secretory 
activity  of  the  cells  ia  regulated  and  subjected  to  the  uoeds  of  the 
economy. 

Thirdly,  the  mechniii.*<ms,  here  as  elsfiwhere  chiefly  of  a  mus- 
cular nature,  by  which  the  fooil  is  pas-sed  along  the  canal,  and 
most  etbeienily  brou;;ht  into  contact  with  the  several  juices. 

Fourthly  and  lastly,  the  means  by  which  the  nutritious  digested 
mateml  is  seitamteil  from  the  undigested  or  oxcnuncutal  material, 
and  absorbed  into  thu  bluod. 


SEC.  1.     THE  CHARACTERS  AND   PROPERTIES  OP 

SALIVA  AND  GASTRIC  JUICE. 

Saliva. 


§  179.  Mixed  saliva,  as  it  appears  in  the  mouth,  is  a  thick, 
glairy,  generally  frothy  and  turhid  fluid.  Under  the  mieruscope 
it  ia  seen  to  contain,  besides  the  molecular  d<!bris  of  food,  bacteria 
aod  other  organisms  (frequently  cryptogamic  spores),  epithelium- 
scales,  mucus-corpuscles  and  granules,  and  the  so-called  salivary' 
corpuscles.  Its  reaction  in  a  healthy  subject  is  alkaline,  espe* 
ciaUy  when  the  secretion  ia  abundant.  When  the  saliva  ia  scanty, 
or  when  the  subject  suffers  from  dyspepsia,  the  reaction  of  the 
mouth  may  be  acid.  Saliva  contains  but  little  solid  matter,  on 
an  average  probably  about  5  p,c,  the  specific  gravity  varying 
from  1002  to  1006.  Of  these  solids,  rather  less  than  half,  about 
'2  p.c,  are  salts  (including  at  times  a  minute  quantity  of  potas- 
sium sulphocyanate).  The  organic  bodies  which  can  be  recognised 
in  it  are  globulin  and  serum-albumin  (see  §§  16, 17)  found  in  small 
quautities  only,  other  obscure  bodies  occurring  in  minute  quantity, 
and  mucin  ;  the  latter  is  by  far  the  most  conspicuous  organic  con-' 
stituent,  the  glairiness  or  ropinesa  of  mixed  and  other  kinds  of 
saliva  being  due  to  its  presence. 

Afucin.  If  acetic  acid  be  cautiously  added  to  mixed  saliva 
the  viscidity  of  the  saliva  is  increased,  and  on  further  addition  of 
the  acid  a  semi-opaque  ropy  mass  separates  out,  leaving  the  rest 
of  the  saliva  limpid.  Tliis  ropy  mass,  which  ia  mucin,  if  stirred 
carefully  with  a  glass  rod,  shrinks,  becoming  opaque,  clings  to  the 
glass  rod  and  may  be  thus  removed  from  the  fluid.  If  the  quan- 
tity of  mucin  be  small  and  the  saliva  be  violently  shaken  or 
stirred  while  the  acid  is  being  ftdded,  the  mucin  is  apt  to  be  pre- 
cipitated in  flakes,  and  may  then  be  separated  by  filtration.  It 
may  be  added  that  the  precipitation  of  mucin  by  acid  is  greatly 
influenced  by  the  presence  of  sodium  chloride  and  other  salts : 
thus  after  the  addition  of  sodium  chloriile  acetic  acid  even  in  con- 
siderable excess  will  not  cause  a  precipitate  of  mucin. 
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Mucin,  thus  prepared  ami  imrifieii  by  washiuf;  with  acetic 
ncid,  swells  out  in  water,  without  actually  dissulviiig ;  it  will 
however  disaolve  into  a  vLscid  fluid  I'eailily  iu  dilute  (O'l  p.c) 
solutions  of  jiotaBsimij  hydrate,  more  slowly  in  solutions  of  alka- 
line salts.  In  ordiir  to  filttT  a  mucin  solution,  gieat  dlliiiion  witli 
water  is  nccessury.  Mucin  is  prtjciititntcd  by  strong  alcoliol  and 
by  various  nivlullie  suits;  it  may  also  Ijc  precipitated  by  dilute 
mineral  aci>ls,  but  the  precipitate  is  ttien  soluble  in  exci?sa  of  the 
acid.  Mucin  gives  the  three  jinitcid  rvuctiuns  mentioned  in  §  In, 
but  it  is  a  very  complex  body,  more  i;oui])lu>:  t-vun  than  proteids, 
for  by  treatment  with  dilute  mineral  acids,  and  in  other  ways,  il 
may  be  converted  into  spme  form  of  proteid  (aeid*albumin  when 
dilute  mineral  aciil  is  I'uaed),  while  at  the  same  time  there  is 
formed  a  liody  whicb-appears  to  be  a  carbohydrate  and  re-ienildea 
a  sugar  iu  having  the  power  of  reducing  cupric  sulphate  solutions. 
Several  kinds  of  mucin  a]i|ieur  to  exist  in  various  animal  bodies, 
but  tliey  ^sct;m  all  to  agree  in  thu  cburact«r  that  they  can  by 
appropriate  treatment  be  split  up  into  a  proteid  of  some  kind  and 
intf>  a  <'iirbohydrate  "r  allieil  bndy. 

§  176.  The  cliitf  puipose  aer\'ed  by  the  snliva  in  digestion  is 
to  moisten  and  suftt^n  the  food,  and  to  assist  in  nmsticntion  and 
deglutition,  in  some  anim&Is  this  is  its  only  function.  In  other 
animals  and  in  man  it  bus  a  specific  solvent  action  on  some  of  the 
food-stuO's  Such  minerals  us  are  soluble  in  sli<{htly  alkaline 
fluids  are  dissolvi.'d  by  it.  On  fats  it  tins  no  eflcct  save  that  of 
produMDg  a  very  feeble  eiiiiilsiori.  On  pM'ieids  it  li8»  also  no 
t^piicilic  action,  tliongli  pieces  of  meat,  conked  or  uncotiked,  appear 
Rreatly  altered  atu'r  tbfv  have  been  masticated  for  simie  time; 
the  cliief  alteration  however  which  thus  takes  place  is  a  change  in 
the  lia'moglobin,  and  a  general  softeninc  of  the  muscular  fibres 
by  aid  of  the  alkalinity  of  the  aidiva.  Of  course  when  particles 
of  food  are  retained  for  a  lon^  time  in  the  mouth,  as  in  the  inter- 
stices, or  in  cavities  of  tlie  ti^-etb,  the  bnctvrin  or  ntln'r  or^misms 
which  are  always  pn-senl  in  the  moulli  miiy  produce  much  mora 
profound  changes,  but  the#e  are  lutl  the  legitimate  products  of 
the  action  of  saliva.  The  characteristic  property  of  saliva  is  ihnt 
of  converting  starch  into  some  form  of  sugar. 

yictinn  of  Saiira  en  Stnrek      If  to  a  quantity  of  boiled  starch, 
which  K  always  more  or  less  viscid  and  somewhat  opaque  or  tur- 
bid, a  small  qunntity  of  saliva  l>e  added,  it  will  Ijc  found  iifttT  a 
short  time  thnl  an  important  change  has  tnken  place,  inasmuch  as' 
the  mixture  has  lost  its  previous  viscidity  and  brdme  thinner' 
and  more  transparent     In  order  to  understand  this  change,  the 
reader  must  bear  ia  mind  the  existence  of  the  following  bodiet' 
all  belonging  to  the  class  of  carbohydrates. 

1.  Stareh,  which  ftjrms  with  water  not  a  true  solution  hot  a! 
more  or  less  vi«cid  mixture,  and  'jivca  n  characteristic  blue  colour', 
with  ioiline.    The  formula  is  C.HioOj  or  more  correctly  (CaH,|,Oj), 
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siacs  the  mulucule  o!  starrh  is  sAine  multiple  (n  being  nnl  lets 
than  5)  uf  tbe  siinplttr  foriiitila.  A  kind  of  starch,  kimwu  as 
lelubk  stn/xk,  while  givitiu  a  blue  colour  with  iodins,  forms, 
unlike  ordinary  starch,  a  clear  solutioa. 

2.  Dcrlrin*.  ililferiitg  from  starch  iii  fornun^  a  clear  solution. 
Of  these  there  are  at  least  two ;  one  frgtkrod^jirin,  often  spoken 
of  8inip1y  a^  dextrin,  giving  a  iwrt-winc  red  colour  with  iodine, 
and  a  ftecoacl.  arkroodt^nn.  which  gives  no  colour  at  all  with 
iodine.  Th«  forinulft  for  dextrin  i.s  t)ie  same  as  that  for  :<Uirch, 
but  lias  a  smaller  molecule  and  uiif^ht  he  represented  by  (C,H„(>s).'. 

3.  DertroM,  «Uo  called  glucose  or  grape-tugar,  giving  no 
colontioii  with  iodine,  but  characterised  by  tiie  power  itf  reflm^ine 
cn)>ric  nnil  oUicr  metallic  nalts;  Chu8.  when  dextrose  is  bailed 
with  a  llnid  known  as  Kehling's  fluid,  which  is  a  solution  of 
hydrated  cupric  oxide  in  an  excess  of  caustic  alkali  and  double 
tartrate  of  sodinm  and  potassium,  tho  cupric  uxidu  is  roduo^id  and 
a  red  or  yellow  djiposit  of  cuprous  oxide  is  thrown  down.  Tliis 
reaction  Borvt.-s  with  others  m  n  convi^nieut  test  for  dextrose. 
Neit'ier  starch  nor  that  commonest  form  of  sugar  known  as  cane- 
au^r,  givi!  this  reaction ;  wh'ther  the  dexlrins  do  is  doubtful. 
The  formula  for  dextrose  is  CjH|,(>,;  it  is  more  simple  than  that 
of  starch  or  dextrin  and  Cimtains  an  additional  11,0  for  every  C^ 
Unlike  starch  and  dextrin  it  can  be  obtained  in  a  crystalline  form, 
either  from  aqueous  "lolutions  (it  being  readily  soluble  in  water), 
in  which  cose  the  crystals  contain  wat-jr  of  crystallisation,  or  from 
its  solutions  in  alcohol  (in  which  it  is  »p;iringly  soluble),  in  which 
caw  the  crystals  liuvu  nri  such  water  of  crysinllisation.  Solutions 
of  doxtroMt  liavo  a  marked  dextn^rotatory  power  over  rays  of  light 

4.  Midiott,  very  similar  to  dextrose,  and  like  it  cn[tnb1e  of 
i«ducing  cupric  «alus.  The  formula  is  somewhat  diffurent.  boinf; 
CflHt<>i|.  Beside*  this,  it  iliffers  from  dextrose  chiefly  in  it* 
smaller  reducinj;  power,  i>.  a  given  weight  will  not  convert  so 
much  cupric  oxide  into  cupr-jus  oxi'ie  as  will  the  same  weight  of 
dextrooe,  and  in  Ua^Tng  a  stronser  rotatory  action  on  rays  of  light 
Liko  dextrose  it  can  l>e  crt'stalUsed,  the  crystals  &ora  aqueous 
solutions  containing  water  of  cr>'utalIi!-iition. 

Xi)w  wl>en  a  quantity  of  stnrcb  is  lv)ilitd  with  water  we  may 
recognise  in  the  vwoid  impcrfe^-t  solution,  on  the  one  hand  the 
presence  of  starch,  by  the  blui^  mlnur  which  Ibe  addition  of  iotlinc 
give*  rise  to,  and  on  the  other  hand  the  absence  of  sugar  (maltose, 
uextroee),  by  the  fact  that  when  hoiled  with  Fehling*s  fluid  no 
redaction  takes  place  ami  no  cuprous  oxide  is  precipitated. 

If  however  the  boiled  starch  be  submitted  for  a  while  to  the 
action  of  saliva,  especially  at  a  somewhat  high  temperature  snuh 
aa  35'  or  4(PC..  it  is  found  thiit  thv  sub»<'qufnt  addition  of  iodine 
gives  no  blue  colour  at  all.  or  vi-ry  much  les*  colour,  shewing  iliat 
the  sUirch  has  dienppcnrtil  or  diinini.ilied  ;  on  the  other  band  the 
mixture  readily  f-ives  a  prficipitate  of  cuprous  oxide  when  hoiled 
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with  Fehling's  fluid,  shewing  that  maltose  or  dextrose  Ls  prcseut. 
That  is  tu  »ay  the  saliva  liiu  converted  the  start^h  into  maltose 
or  dexUrose-  The  presence  of  tho  pruviously  absent  sugar  tuay 
titO  be  thewu  liy  fL-riiii.Mit«tiuu  and  hy  the  uthi':r  U^^sts  fur  sugar. 
Moreover,  if  au  adi^iiuateiy  lar-^v  '|iiik[itity  of  starch  be  subjected 
to  the  charge,  the  sugar  fonued  may  he  i«olau^d,  uud  its  charac- 
ters det«rD)i»ed.  When  thU  i»  done  it  is  foiiod  that  while  soue 
dextrose  is  formed  the  greater  part  of  the  su^ar  which  ap^ivurs  is 
ill  the  form  of  maltose.  As  is  well  known,  starch  may  by  tbo 
action  of  dilute  acid  be  converted  into  dextrin,  ami  by  further 
action  into  sugar ;  but  the  sugar  thus  formed  is  always  wholly 
dextrose,  and  not  maltose  at  nil.  The  action  of  saliva  in  this 
respi'ct  differs  from  tla*  action  of  dilute  acid. 

While  the  conversion  of  tlic  starch  by  tho  saliva  is  goinc  on 
tlie  addition  of  iodine  freijueiitly  gjvfs  rise  to  a  red  or  violet 
colour  in.4l«nd  of  a  puri^  blue,  but  whuu  the  converitiou  i$  duupU'te 
no  coloialion  at  all  is  obsitrved.  The  appearance  of  ibis  red 
colour  indicates  the  presence  of  dextrin  (erytbrodextrin);  tbu 
violet  colour  i»  due  to  the  red  being  mixed  with  the  blue  of  still 
unchanged  starch. 

The  appeamnt^  of  dextrin  shews  that  the  action  of  the  saliva 
on  the  sttirch  is  somewhat  complex  ;  luid  this  is  still  further 
proved  by  the  fact  that  i^vcn  when  the  taljvn  has  completed  its 
work  the  whole  of  the  starch  does  not  leajtpear  as  maltose  or 
dextrose.  A  considerable  (|nantity  of  the  other  dextrin  (achroo- 
dextrin]  alway.^  ai'in'^nrs  ami  remains  unchanged  to  the  end ;  and 
there  are  prolnldy  several  other  bodies  also  formed  out  of  the 
staich,  tlie  relative  proportions  varying  according  to  circumstances. 
The  change  theiefore,  though  prhaps  we  may  speak  of  it  in  a 
general  way  as  one  of  hydration,  cannot  be  exhibited  under  a 
simple  formula,  and  we  may  n-sl  content  fur  the  present  with  tlifi 
statement  that  stnrcli  when  sijhJi.'Cted  to  the  action  nf  saliva  is 
converted  chiefly  into  llie  sugar  known  as  maltose  witii  a  com- 
pnnitivttly  small  quantity  of  dextrose  and  to  some  extent  into 
achioodextrin  (erytbrodextrin  appearing  temporarily  only  in  the 
procftfcs),  other  bodies  on  whicli  we  need  not  dwell  being  formed 
at  tlie  same  tima 

flaw  unboiled  starch  undergoes  a  siudlar  cbanj^  but  nt  a  much 
slower  rate.  This  is  due  to  the  fact  that  in  tlie  curioucly  formed 
starch  sjniin  the  true  starch,  or  ffi-anvloxe,  is  invested  with  coats 
of  fdlvlos'.  This  laiu-r  material,  which  requires  previous  tieat- 
ment  with  sulphuric  acid  before  it  will  give  the  bine  reaction 
OD  the  addition  of  ioilinc,  is  apparently  not  acted  upon  hy  saliva. 
Hence  the  saliva  can  only  get  at  the  granulose  hy  traversing  the 
coats  of  cellulose,  and  the  conversion  of  the  former  is  thereby 
much  hindered  and  delaved. 

§  177.  The  conversion  of  starch  int>i  sugar,  and  this  we  may 
speakof  as  the  amylulyttc  action  of  saliva,  will  go  OD  at  the  urdiuary 
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temperntitn  or  the  atmosphere.  The  lower  the  ttimjieTatura  the 
slower  iho  chnnge,  anil  at  abotit  0"  C.  the  conversion  is  iudutinitvly 
proluii-^ud.  Afier  exposure  to  thi^  cold  for  even  a  conaitlerable 
time  the  actiou  recommenceg  when  the  t«iuperalure  is  agaiu 
raUed-  Increase  of  tompernture  up  to  about  ^5*^ — 10",  or  even  a 
little  hiiiher,  favours  the  chang«.  the  greatest  activity  being  said 
to  be  manifested  iti  about  40".  Much  beyond  this  puiiit.  however, 
increase  of  t«mponitiir<:  lucumes  injurious,  marki'dl}'  so  at  60^  or 
70";  nnd  saliva  which  Has  been  Iwile'l  for  a  few  minutes  not  ouly 
hM  no  action  on  stJirch  while  at  thai  temperature,  but  does  not 
regain  its  powers  on  cooling.  By  tieing  boiled,  the  auiyhdytic 
activity  of  saliva  is  parraineutly  destroyed. 

The  action  of  saliva  on  starch  is  most  rapid  when  the  reaction 
of  the  mixture  is  neutral  or  nearly  so;  it  is  hindurt-d  or  arrested 
by  a  distinctly  acid  rwiction.  Inaet-d  the  presence  of  cveu  a  very 
small  quantity  of  frej  acid,  at  all  events  of  hydrochloric  acid,  at 
the  temperaturB  of  tlw  botly  not  only  suspends  the  action  but 
Bpvuiily  Icatis  to  permanent  alxiUlion  of  the  aciivity  of  the  juice 
The  b'striu^  <i(  this  will  be  seen  later  on. 

The  action  of  saliva  i-s  hampered  by  the  presence  in  a  oonceo- 
tnit«d  atate  of  the  product  of  iu  own  action,  that  ia,  of  sugar.  If 
a  small  quantity  of  suliva  be  added  to  a  thick  mass  of  boiled  starch, 
the  action  will  after  a  while  slacken,  and  eventually  come  to  almoat 
a  Btand-still  long  before  all  the  starch  has  been  converted  On 
diluting  the  mixture  with  w»l4»r,  the  action  will  recommence.  If 
the  pniduct*  of  ai'tion  be  removed  as  j^oon  as  they  are  formed,  by 
dialysis  for  example,  a  small  (piantity  of  saliva  will,  if  «ullicieut 
time  be  allowe<l,  convert  into  ^ngar  a  very  lar^'e,  oni.?  might  almont 
8»y  aii  indefinite,  quantity  of  starch.  Whether  tbo  particular 
constituent  on  which  the  activity  of  saliva  depends  is  at  all 
conaumeil  in  its  action  has  not  at  piea^nt  been  definitely  settled. 

Onwhat  constituent  do  the  amylolytic  virtues  of  saliva  depemU 

If  saliva,  lilterv-d  and  thu*  fn.-eil  from  much  of  its  mucin  and 
from  other  foruii-d  cnnstitucnts.  be  treatf^d  with  ten  or  fifteen  times 
its  hulk  of  alcohol,  a  prucipitace  is  formed  containing  U-sides  other 
subfttaui^  all  the  proteld  matters.  Upon  ctandmg  under  the 
alcohol  for  some  time  (several  days'),  the  [trotcid«  thus  pn.«ipitatC4) 
become  coagulated  and  insnluble  in  wat«r.  Hcnoc,  an  aqupous 
extract  iif  the  precipii-ite,  made  aft<»r  this  interval,  conUiins  very 
little  pMteid  material;  yet  il  is  exc-i'din;^ly  active.  Moreover 
by  other  more  elaborate  methods  there  may  be  obtained  from 
saliva  solutions  which  appear  to  be  almost  entirely  free  from 
proteids  and  yet  are  intensely  amylolvtic  But  oven  the*e  probably 
contain  other  bodies  besidue  the  really  active  constituent.  What- 
ever tbo  active  subsumce  be  in  itaulf.  it  exista  in  such  extremely 
sman  quantities  that  it  has  never  yet  been  sati8fact'>rily  Isolated; 
and  imiei-d  the  only  clear  evidence  we  have  of  its  existence  is  the 
manifeautiuu  of  its  peculiar  powers. 
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The  sdlieut  fuiitiiri;»  uf  tills  \}>Ay,  this  aniylolytic  agent,  which 
we  iiiEiy  call  ptyaltn,  are  tben  : ' —  \sl,  '\\&  preseucc  iii  luiiiute  and 
almost  iiiiippreciable  ijuantity.  2nil.  the  olosw  du^ieii  dunce  of  its 
activity  on  i«niperatiire.  Srd,  itspermaiietit  anil  tulal  destruction 
by  a  liijiii  temperature  and  by  various  chemical  reayents.  4lh.  the 
want  of  any  clear  proof  that  it  itaelf  uiidergoea  any  changi;  during 
the  manifestation  of  its  powers;  that  is  to  say,  the  energy  neces- 
sary for  the  traDsfornidtion  which  it  efiects  doti  not  come  out  <>j 
itself :  if  it  ia  all  used  up  Ui  Its  action,  the  loss  ia  rather  that 
of  simple  wvnr  and  tear  of  a  uiachine  than  thiit  of  a  substance 
expondei)  Ui  dn  work,  oth,  the  action  whiuli  it  imluccs  is  probably 
i)f  such  a  kind  (!i|ilittin}>  up  of  a  iiioli-cule  with  assumjition  of 
water)  as  is  afl'ecied  by  that  particular  class  of  agenU  colled 
•■  hydrolyiic." 

These  features  mark  out  the  amylolytic  active  body  of  saliva 
OS  belongini;;  to  the  class  ot  ferments ;  ^  and  we  may  henceforward 
speak  of  the  amylolytic  furmout  of  snliva.  Thi;  fibriii-fermenl 
(§  20)  ia  so  called  Ixjcausc  its  action  in  many  ways  rosciublcs  that 
of  tlif  ferment  of  which  we  are  now  speakiti^ 

§  178.  Mixed  .saliva,  whose  properties  we  have  ju«t  discussed, 
is  the  rejitill  of  the  mingling  in  various  proportions  of  salivn  from 
the  pnrotidiSuhmaxillary.and  sublingual  glands  with  the  .seciution 
from  the  buccal  glands.  These  constituent  juices  have  their  own 
special  characters,  and  these  ore  not  the  same  in  all  animals. 
Moreover  in  the  same  individual  the  secretion  difl'ers  in  componilion 
anil  properties  accordin;;  to  circumstances ;  thus,  as  we  slmll  .'ee  in 
detail  hereafter,  the  saliva  frotu  the  submaxiliani-  gland  secreled 
under  the  luthifuce  of  the  chorda  tympani  nerve  is  dilferenl  from 
that  which  Is  obtained  front  the  same  gland  by  stiuuilntiug  the 
sympathetic  iierva 

In  man  pure  parotid  saliva  mnj  i-asily  lie  'ibtaini'd  by  introducing  a 
fini-  r.Fiiinul"  iiil"  Ihi-  opening  "f  tiic  Rtdnoninii  duct,  and  submaxillary 
■nlivn.  or  nilher  a  mixture  of  Kuliniuxilinry  niul  subling\ia]  saliva,  by 
niinilitr  piitlieteriiSHtion  of  the  Wh.irtonian  duct.  In  animals  the  duct 
may  Iw  di.-uiected  out  and  a  cannula  iiitrodnccd. 

Parotid  saliva  In  man  is  clear  and  limpid,  not  viscid ;  the  reaction 
of  the  first  drops  secreted  ia  often  acid,  Ibe  succeeding  ixirtions, 

'  Pfrmtnw  may.  for  11*  preicnt  nt  Innl,  he  ilivfdpil  Inio  tw"  el«»»e«.  coramonlr 

cslW  fyiiBiwrf  nnA  •innt'iamfrfl.  "f  tlic  fi)rnirr.  yonit  niny  I«  Ukm  M  k  w»ll- 
known  oiaini)li'  Tlio  formpmntiir  notivltr  of  i  pn«l  "hkli  Ich'Is  lo  ths  convarlion 
<ir  «iitt>ir  itilo  sTonhnl,  l<  depfnrlcnl  on  tlie  llfr  of  (he  yciul-oell  UnlfM  'l"*  )'eM^ 
«rtl  b»  llvlns  .ini1  funclionnl.  frrnipnlnlinii  (Io«  mil  tnkp  jilftcr :  nli*ii  the  y^Ml- 
C«1I  Mt*  fermffninlton  crnici ;  nml  no  ■nhdnnre  nhtnlniii  from  ilic  flui'1  pnrU  of 
ytntt.  hv  nrH-itiiiailon  leiili  nlcolinl  or  othprwiw.  will  (tItb  riti*  lo  nlroliolic  tcmicn- 
Mtinn.  Tli»  ttilWnry  frrmcnt  lielonui  to  tlip  Inner  c'Tbh  :  It  in  ■  utibiiancc.  not  ■ 
ItvlTkir  »r2ni>i*nk  lilcc  TtniLt.  It  mnv  hi'  fi'lfl^*^  hnw^'or  tUnr  pi^Mallilv  tirv  oririmia^ 
f<»nni>iil.  thi>  viMiiil  for  immnop.  prnilin*!  il>  rftret  hv  niPSiin  of  nn  nmlinnry 
unnrjtnnliird  formcnt  which  ii  gcncratM.  Iiut  wlikli  I*  Immnllntelf  niH<Ii'  away  with. 
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mt  all  events  when  the  flow  is  at  nil  copious,  are  alkaline ;  that  is 
to  say  the  natural  secretion  is  alkalim;,  hut  this  may  hi:  ohHOiirecl 
by  ac)<l  t-haii^i^A  taking  place  in  tht^  tliiid  which  has  been  retained 
in  Uie  iliici,  (lu-sibly  by  tht;  fommtion  of  an  6\ixsa  of  carbonic  acid. 
On  standing,  the  clear  Huid  becomes  turbid  from  a  precipitat«  of 
calcic  carbonate,  due  to  an  escape  of  carbonic  nctd.     It  contains 

;;lobuliu  and  some  other  funus  of  albumiu.with  little  or  no  mucin. 
^uiag;iiim  sulpbocyaDOto  may  also  sometimes  be  delvcted,  but 
stniclunl  eleinotita  nn  absenl- 

Subiuaxil1:try  saliva,  in  man  and  in  matt  auimalfl,  difTers  from 
parotid  saliva  in  hmg  more  alkaline  and,  from  the  pn^.ience  of 
mucin,  more  vi.icid;  it  ooutaint)  nalivory  corpusck-A.  that  i^^  bodie.i 
cloaelr  rt^tembling  if  not  identical  with  leucocytes,  and,  often  in 
abundance,  amorphous  massesi.  The  so-called*  cliordu  saliva  in 
the  diig.  that  is  to  say  saUv4  obtained  by  stimulating  the  chords 
tympiui  nurvtt.  (ot  wliicli  ww  shall  presiintly  speak),  is  under 
ordinary  circumstances  thinner  and  Ii.^s^  viscid,  contains  leKS 
mucin,  and  tcwiT  :<tructaral  elements,  than  the  so-called  aympa- 
thutic  saliva,  whicli  is  remarkable  for  its  viscidity,  its  structural 
elements,  and  for  it-<<  larger  total  of  Kolidm. 

Sublingual  saliva  is  more  viscid,  and  contains  more  salts  (in 
the  dog  about  I  •a.c),  than  the  submaxillary  saliva. 

The  action  ot  saliva  variei  in  intensity  in  ditferent  aniniala 
Thus  in  nmn.  the  piR.  the  •■uinea-pig.  and  ihe  rat,  both  jarotid 
and  submaxillary  and  mixcM]  saliva  are  amylolytic ;  the  sub- 
maxtllury  »ilivit  hi-iu'.;  in  mtHt  cneos  mora  active  than  the  parotid 
In  the  rabbit,  while  the  suhm.ixilli)ry  ijiiliva  has  scarcely  any 
action,  that  of  the  parotid  U  energetic.  The  saliva  of  the  cat  is 
much  \&»  active  than  the  above;  that  i>f  the   dog  is  still   less 

,  active,  imleed  is  almost  inert.  In  the  hursL\  shixip,  and  ox,  the 
amylolyljc  powers  of  either  mixed  saliva,  or  of  any  one  of  the  con* 
Stituent  juioes,  are  extremely  feeble. 

Where  the  saliva  of  any  gtand  is  active,  an  a<|ucoux  infusion  of 
the  s»me  ^limd  is  also  active.     The  importance  ami  Iwiring  of  this 

iMotement  will  be  sevn  later  on.  From  the  a(|ueou!«  infusion  of 
tbe  gland.as  from  saliva  it«elf,the  ferment  ni»y  be  approximately 
iaoUtod.  In  some  cases  at  least  some  ferment*  may  be  extracted 
from  tba  gland  nven  when  the  secn-tiin  is  iistlf  inactive.  In  fHct 
a  ready  methoil  of  pnspiinnj;  a  lii^ihly  nmylolytic  li>piid  tolenibly 
free  from  proteid  and  other  impurities,  is  to  minct)  ^ncly  a  gland 
known  to  nave  an  active  secretion,  such  for  instance  as  tliat  of  a 
rat.  to  dehydrate  it  br  allowing  it  to  stand  under  absolute  alcohol 
(or  some  days,  and  liieu,  having  poured  off  most  of  the  alcohol. 

laaii  removed  the  remainder  by  evaporation  at  a  low  tempera- 
lure,  to  ftivur  the  pieces  of  gland  with  strong  glycerine.  Though 
•ume  of  the  fiTUient  appears  to  lie  destroyed  by  the  alcohol  a 
in<?ro  drop  of  sucli  a  glycerine  extract  rapMUy  converu  starch  into 
sugnr. 
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Oastrie   Juict. 

§  179.  There  is  no  (UfBculiy  iii  obtaining  what  may  fairly  be 
considori'd  as  a  normal  sabva ;  but  there  are  many  obstacles  in  the 
way  of  (IvtiT mining  the  normal  chanicterg  of  tlin  (secretion  of  the 
Ktmnauh.  When  no  foixl  is  takvn  the  stomtiL-h  is  at  rest  and  no 
secretion  takes  place.  Wtien  fooil  is  lak«n.  the  characters  of  the 
gastric  juice  secreted  are  ohscnred  by  the  fmxl  with  which  it  is 
mingled.  The  gastric  membrane  may  it  is  true  be  artilicially 
slimuhited.  by  touch  for  instance,  and  a  secretion  ubtained.  Thia 
wc  may  speak  of  as  pfialiic  juice,  bwt  it  may  lie  doubled  whether 
it  ousht  to  be  considered  as  normal  gastric  juice.  And  indevd  as 
We  siiall  Bi!c  even  the  juice,  which  is  poured  into  the  i^tomach 
duriiifj  n  iiieni,  varies  in  compoaitioy  as  digestion  is  going  on. 
Henc^  the  characters  which  we  shall  {.-ive  of  gastric  juice  must  be 
considered  as  having  a  general  value  only. 

Gastric  juice,  obtained  in  as  nonunl  n  condition  as  possible 
from  the  healthy  stomach  of  n  fasting  dog,  by  means  of  a  gastric 
fistula,  is  a  thin  almost  colourless  fluid  vnlh  a  sour  tasto  and 
odour. 

Til  tile  opcrntinii  fur  gaslric  fixhila,  an  iuci»i«n  ii  mad"  fhroacb 
th<;  ulidnmiiinl  wnlU,  along  tlio  linr.it  iil/ia,  tlic  stoiimrli  ii.  npcniul,  and  the 
lips  (d  tlip  giiKtric  wound  Bi-ciirtly  »cwn  to  tlicmn  of  thi-  incwion  in  the 
abdoininid  nnlls.  Union  Koon  iake*  i>In<:<',  ki  tliut  h  |>t^r^]an(!1lt  opi^iiing 
(rum  the  exterior  into  the  iiii>iilr  o(  tnr  Ktumncli  i*  cAlalilinhcd.  A  tube 
of  proper  congtruclimi,  introduced  iil  iln-  tium  "f  th«o[H.Tuti()ii,  lii-ctmes 
firmly  secured  in  place  by  tin-  contniciion  of  healing.  Tlmingti  the 
tube  the  contents  of  the  (.lonimrb  can  be  nicfivcd,  and  tin;  mucoUB 
membrane  stimulated  at  pleasure. 

When  obtained  from  n  nntural  fistula  in  man,  its  specific 
gravity  has  been  found  to  dil'er  iiltle  from  that  of  water,  varying 
from  1"001  to  I'OIO.  and  the  aiuount  of  solids  present  to  be 
correBpondinply  small.  In  animals,  pure  gastric  juice  seems  to  he 
equally  poor  in  solids,  lh<'  higher  estimates  which  some  observers 
have  fihtaiued  licing  pmliubly  due  to  ndiiiixlurc  with  fwjd,  &c 

Of  tlu-  solid  mutters  present  about  half  urc  inoigiinic  .Vilts.clucfly 
•Iknline  (sodium)  chlorides,  with  small  quantities  of  phosphati's. 
The  orj;anic  nialj^rial  consists  of  pepsin,  a  bmly  to  lie  descriiied 
immediately,  mixed  with  other  substances  of  undetermined  nature. 
In  a  healthy  stnmach  gastric  juice  contains  a  very  small  quantity 
only  of  mucin, unless  some  submiixillary  saliva  has  been  swallowed. 

The  reaction  is  distinctly  acid,  and  the  acidity  is  normally 
dwe  to  free  hydrochloric  nciil.  This  is  shewn  by  various  proofs, 
ftmong  which  we  may  mention  the  conclusive  fact  that  the 
aDiounl  of  chlorine  pT«scnt  in  pastric  juice  is  more  thnn  would 
fOffioe  to  form  tdiloridca  with  all  the  basra  present,  ami  that  the 
excess  if  regarded  as  existing  in  the  form  of  hydrochloric  acid 
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oorresponda  exactly  to  tht-  qusntit)-  of  froc  acid  preseot  Lnctic 
and  butyric  fttid  other  aoida  whuu  prcscut  tint  s^oondury  piTxluct», 
arising  vitbvr  t>y  llicir  nts|i(;ctive  feriiicritntioiis  fniui  articles  of 
foo«l,  or  fnjm  tli«  ilocomposilimi  of  their  alknliiiti  or  other  sail*. 
Tn  man  the  amount  nf  free  li ydruchloric  acid  in  healthy  juice  niav 
be  BU>t«d  to  be  about  2  jier  cent.,  but  iu  some  animals  it  ia 
probably  higher. 

§  180.  Un  Htnrcb  gastric  iuice  hm  no  amylolytic  nctiou;  on 
the  contrary  wliea  saliva  ia  mixed  with  gastric  juice  any  aiaylo- 
lytio  fonneiit  which  inay  be  presimt  in  the  former  is  at  niicv 
prevQiii'^  from  iictiug  liy  the  acidity  of  the  Tuixtiire.  Moreover 
in  a  very  .■<h')rt  liiue.  especially  at  the  temperBturo  of  the  hoiiy, 
the  ankvliilytie  fermi^iit  is  destroyed  hy  the  acid  so  that  eveu  on 
neutralisation  the  mixture  i»  unable  to  convert  starch  into  sugar. 

On  dextrose  healthy  gastric  jiiica  has  no  eti'ect.    And  il«  power 

inverting  cane-sugar  seems  to  be  less  than  that  of  hydruchluric 
id  diluted  lo  the  same  degree  of  acidity  as  il«elf.  In  an  un- 
healthy stomach  huwcvcr  containing  much  mucus,  the  gastric 
jmc«  is  very  active  in  convertiu;^  ciiue-eugar  iuto  dextmse.  This 
|)owor  aeenis  to  l>o  due  to  the  presence  iu  the  mucus  of  a  special 
ferment,  analogous  to,  but  quite  dbttinct  from,  the  ptyalin  of 
saliva.  An  exoe^ive  f|uanlity  of  cane-«ugar  introduced  into  the 
stomach  causes  a  secretion  of  mucus,  and  hence  povides  for  its 
own  conversion. 

On  fats  gastric  juice  haa  at  moat  a  limited  action.  When 
adipose  tissue  is  eaten,  the  chief  cbaugo  which  takes  place  in  tlie 
stomach  is  that  the  piotcid  and  gulatiuifoious  cnvulopes  of  the 
fai-cells  arc  dLssolvcid,  and  the  fats  set  free.  Though  then;  is 
experimental  evidence  that  eniulition  of  fats  to  a  certain  extent 
does  take  place  in  the  stomach,  the  great  mass  of  the  (at  of  a  meal 
is  not  so  changed. 

Such  minerals  as  are  soluble  in  free  hydrochloric  acid  are  for 
the  most  piirt  dissolved;  though  there  ia  a  diflerence  in  thli  and 
in  aonte  otlier  n-s|«cts  between  ga^^tric  juice  and  simple  free 
hydn>chl»ric  acid  diluted  with  watvr  to  the  same  dciiroe  of  acidity 
as  the  juice,  tlte  presence  cither  of  the  p«;psin  or  of  oilier  bodiu^ 
Bpporoncly  modifying  the  solvent  action  of  the  acid. 

The  KSt=cntial  property  of  gnstric  juice  is  the  power  of  diS* 
■olving  prkitvid  matters,  and  of  converting  them  into  a  substance 
calli.-d  jieplone. 

.tcti'in  o/  gatiru  jttUe  on  protcids.  The  results  are  essentially 
the  same  whether  natural  juice  obtained  by  means  of  a  fistula  or 
artificial  jui<?e,  it.  an  acid  infusion  of  the  mucous  membrane  of 
the  stomach,  he  lued. 

Ariilirittl  gwitric  juionmny  l)«>pnpArp()  inanynf  tho  follnvingnray*. 

I.     The  mtjonan  rn<>inl>rniio  of  a  pig'a  or  i)og's  i>loin»cli  i«  mnoTcd 

(ron    the  innsciilnr  coat,  finely    minc«d>   rubbed   in  a  mortar  with 
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pouiidniJ  g\«*»  iind  I'Ktnictcd  with  water.  The  itqiieous  oxtrttct  littered 
and  acid  111  aU-d  (it  is  in  itei-lf  emnewhiLt  acid)  uolil  it  hnc  a  free  iictditf 
ciirri'i^Iimiili iig  to  '2  p,c.  i>f  liydrochloric  acid,  coiitnins  Imt  little  of  the 
prtidiicts  of  liigptition  8UcIi  as  jwptone,  but  is  fairly  jwilont. 

2,  Tlip  mucous  membrane  eimilarly  pri.'paroil  and  oiinced  is 
allowed  to  digest  at  35°  C.  in  ii  large  ijuantity  "f  liydrochloric  acid 
dilutod  to  '2  p.c.  The  greater  part  of  the  mradiraiie  disappears, 
ahreds  oidy  Ijciiig  left,  and  thfi  nomewhal  opalescent  liijuid  cao  be 
ilecanted  and  liltered.     Tht-  filtrate  hue  ptiwerful  digi-stive  (peptic) 

§Tu|M'rtieit,    but    cmitninH  a  consiih-rablo  amnant   of   the  products  of 
igeition  (peptonr,  &c..),  nriKiiig  from  the  digestion  of  the  mucous 
meinlimne  ludf.' 

3.  Tin-  iiincnus  inemlii-ane,  similarly  prepareil  and  mineed,  ia 
tliniwn  into  a  r.r.rniiaralivi'ly  larger  fpiantily  of  concentrated  glycerine, 
and  allowed  to  stand.  Thu  nicmhraue  may  be  previously  dehydrated 
by  being  ulUiwcd  ti  stand  under  alcohol,  but  this  is  not  necessarv* 
and  a  too  prolongod  action  of  llic  alcohol  injures  or  even  destroys  iKa 
activity  of  the  product,  Tlic  drcjinled  clear  glycerine,  in  which  a 
comparativrly  small  quantity  of  the  ordinary  jiroiciils  nf  the  hiucotis 
membrane  arc  dissolved,  if  aihied  to  hjilrochlonc  neid  of  -2  p.c.  (about 
1  c.c.  of  the  glycerine  to  100  c.c.  of  the  dilute  iwid  is  ynRicient),  makoa 
till  artilicial  juice  tolerably  frei-  from  ordinary  proteid*  and  peptone, 
mid  of  ri'markabic  potency,  tlii"  presence  of  the  glycerine  not  interfer- 
ing with  the  results. 


Before  nrnceeding  to  study  the  action  of  gastric  juice  on  pro* 
teids  it  will  1*  useful  to  review  veir  briefly  the  chief  characiem 
of  the  more  important  members  of  the  grou|>. 

The  more  important  protcids  whicb  we  Imve  thus  far  studied 
are:  1.  fibrin,  instdtiLk-  lu  water  and  nut  really  solulile  {i.e. 
withont  chfiiifje)  in  suliiie  dolntions.  2.  Myixiu,  iuMiIulilo  in 
water  but  snlulile  in  snline  solutions,  provided  thest;  aru  not  too 
dilute  or  too  comxtn Mated.  3.  Olobulin  (iiiclndinc  painglnbulin, 
fIIlriuop^?u  Ac),  insoluble  in  water,  but  readily  soluble  in  even  veiy 
dilute  !!ialiiie  solutions.  4.  jUbumin,  strum -oHiumin,  f<o\uh\e  in 
water  in  the  absence  of  all  Baits.  5.  Ariil-nlbfrriin,  into  which 
globulins  and  myosin  are  rapidly  converted  by  the  nelion  of  dilute 
acids,  the  particular  acid-nlbnmin  into  which  the  uiyfiwin  uf  muscle 
16  changed  Iwing  Bomotinic*  called  syjrttTTmT,  If  the  rwif^c-nt  used 
be  not  dilute  acid  but  dilute  alkali,  the  product  i.«  called  alkali- 
albumin.  The  two  liodics.  ncid-albumin  and  all;ati-aliaimin,  nrc 
very  paralh^l  in  tbeir  cbaracters,  and  may  readily  be  converted 
the  one  into  the  other  by  the  use  of  dibite  alkali  or  dilute  acid 
respectively.  Their  most  important  common  characters  are  in- 
solubility in  water  and  in  saline  solutions  and  ready  solubility  in 
dilnte  acid*  and  alkalis.  15,  Coagulatrd  proteidx.  Aa  we  have 
Bocn.  when  fibrin  suspended  in  water,  Bemm-albumin  in  solution. 

'  Thpic  lif(»rr«f  itiny  b»  remOTPil  iiv  conconlnilion  at  W>  C,  «nd  fubicqiictil 
^Ifii). 
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Bcid-ollmmin  or  alkali -alVtuinin  suitpemleil  in  water,  or  |)araglo- 
bnlui  KusjMiaded  in  wnter  or  diSHolved  in  a  dilute  saline  solution, 
are  heated  to  a  temperature,  wliich  for  the  whole  group  may  be 
[lut  down  at  about  75*  —  80*  C,  each  of  them  becomes  coagulated, 
and  aft«r  the  change  ia  insoluble  in  water,  snlinc  solutions,  dilute 
acids  iVc,  in  fact  in  everything  but  very  strong  ncitU.  Myosin 
and  fibrinogen  undergo  a  simiLir  i^haugc  at  a  lower  t«iui)entturc, 
viz.  aboat  56"  C.  Wo  miiy.  (or  [•re-si-iit  iiuri>ose»,  ajieak  uf  all 
thesa  proteids  ibus  changed  under  the  one  term  of  coagulateil 
prot«ids. 

To  iIk^  alww  list  we  may  now  add  two  other  proteidn,  viz.: 
7.  A  kind  of  albumin  which  forms  the  great  bulk  of  the  proteid 
matter  pre-wnt  in  raw  '  while  of  egg,'  and  which,  since  it  dilTers 
in  minor  characters  from  the  albumin  of  bl(X)d  and  of  the  tissues, 
is  called  eyy-albumiii.  S,  The  peculiar  protvid  casein,  an  iiiipur- 
tant  constituent  of  milk.  This  may  pcrhai>s  be  mgarded  as  a 
naturally  occurring  alkali-fllbuinin  sinco  it  ha.t  many  resemblances 
to  the  artificial  nlkali-albiimin  ;  but  for  several  rea-tinis  it  u  desir^ 
able  U>  ounitider  it  a-s  an  independent  ixiily. 

E^-albnmin  like  Herum^atliumin  hiM^omes  co«gukl«d  at  a 
temperature  of  n)>ont  75*  —  80"  C,  and  though  casein  as  it  natu- 
rally exists  in  milk  ia  not  coagulated  on  boiling,  when  scparatod 
oat  in  a  special  way,  and  <iUH))ended  in  water  in  whi<^h  it  is  ta- 
soluble,  it  becomes  coagulated  at  about  75"  —  80"  (;. 

It  will  be  observed  that  all  these  protcida  form,  as  regards 
their  soUihiliiio-%  a  desoending  wries,  in  the  following  order. 
Cfingulated  I'roteids.  Fibrin.  Acid-albumin  with  Alkali-albn- 
min,  and  Casein.  Myosin,  Ulohulins.  Serum-albumin  with  Egg- 
albumin. 

We  mnat  now  return  to  the  action  of  gastric  jnice. 

If  a  few  shreds  of  fibrin,  obtained  by  whipping  blood,  after 
being  thomughly  wn<h«d  and  biiiled  and  thus  by  the  boiling 
coaguIatc<l.  be  tlinwu  into  a  quantity  of  gastric  juice,  ami  the 
mixture  b-j  oxposetl  u>  a  temiwraiurc  of  from  35"  to  40"  0..  the 
6brin  will  spei'dily,  in  some  cases  in  a  few  minutes,  be  dissolved. 
The  "hiwls  lir«t  swell  up  and  Iwcome  transparent,  thi-n  gnulunlly 
dtxs'dve,  and  finally  dm^pear  with  the  excoplJon  of  some  granular 
djbru.  the  amount  of  winch,  though  generally  small,  varies  accord- 
ing  to  circa m stances.  If  raw,  that  is  unboiled,  nncoegnUted  Hbrin 
be  employed  the  same  changes  may  be  observed,  but  they  take 
place  much  more  rapidly. 

If  smnll  morsels  of  coaj^ulated  albumin,  such  as  white  of  egg, 
In  treated  in  tJie  same  way,  tlie  same  solution  is  obs«P>'ed.  The 
pieces  become  transparent  at  their  surfaces ;  this  is  especially  seen 
at  the  edges,  which  gradually  become  roinided  down ;  and  solution 
steadily  progresses  from  the  ontside  of  the  piece  inwards. 

If  any  ottier  form  of  coagulated  albumin  (e^i.  precipitated 
add-  or  alkali-albumin,  euspcudeil  in  water  and  boiled)  be  treated 
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in  the  »ame  way,  a  simiUr  Nolulioii  takes  place.  Thu  ruadinesa 
with  which  the  SDlutioii  is  elfectfid,  will  ilejitiiid,  cwUrU  paribus, 
on  ths  smallness  of  the  pieces,  or  rather  on  the  ainoiiiit  u(  surface 
ae  compared  with  bulk,  which  U  presented  to  the  acliou  of  the 
juiw. 

Gastric  juice  ihen  renJily  dissolves  congulated  proteids,  which 
othorwLsit  aro  insulublc,  or  soluble  only,  and  that  with  diBicuIty, 
in  very  strong  acids. 

When  proleids,  which  are  solubli?  in  water  or  io  dilute  acid, 
are  tn-ated  with  gastric  juice,  iin  visibli;  ch»ii<>c  Inkos  place ;  hut 
nevertheless,  it  is  found  on  examination  that  thr  soluliuus  have 
undergone  n  remarkable  change,  the  nature  i)f  which  is  easily  scun 
hv  comrastiiig  it  with  the  cimnge  ellecwd  by  diluti^  acid  alone 
ii  raw  while  of  egg,  largely  diluted  with  wat4?r  and  Mrained,  Iw 
tivaUld  witli  a  sufficient  quantity  of  dilute  hydrochloric  acid,  the 
opaU^sccncv  or  turbidity  which  apiwarcd  in  the  white  of  egg  on 
dilution  (and  which  is  due  to  the  precipitation  of  vsrioua  forma 
ol  globulin  acc'inipuiiying  the  eg>'-iilbuuiiii  in  the  raw  whit«)  dis- 
appeara,  and  n  clear  inixtuixt  rt^itiilLs.  If  a  portion  nf  the  mixture 
be  at  once  boilod,  a  largo  depc'^it  of  congulated  albumin  occurs, 
If,  however,  the  mixture  be  exposoed  to  50"  or  65"  C.  for  some 
time,  the  aniounl  of  coagulation  which  is  produced  by  boiling  a 
specimen  bi;c<>mt^!<  lesR,  and,  finally,  boiliD"  produc^i  no  coagula- 
tion whntM'er.  By  neutralisation,  howcpcr.  the  whole  of  the 
albumin  (with  such  restriction?  ns  the  presence  of  certiiin  neutral 
Raits  may  cause)  may  be  ohlnincd  in  the  form  of  acid-albumin, 
the  liltratc  after  neutralisation  coniaining  n<>  pmteids  at  all  (or  a 
very  small  quantity).  Thus  the  whole  of  the  albumin  [jrcscut  ia 
Ihe  white  of  egg  may  lie,  in  time,  converted,  by  the  HiTuple  nctioa 
of  dilute  bydr'H'bliiiic  acid,  into  acid-albumin.  Serum>alh»uiii 
similarly  trwitcil  und'Tgofi^,  in  coui-se  of  time,  a  similar  conversion 
into  Bcid-nlbuniin,  and  we  haw  already  seen  (§  5(5)  that  solutitms 
of  myosin  or  of  anv  of  the  glolmlius  are  with  remarkable  rapidity 
converted  into  acitl-albumiu.  Thus  simple  dilute  hydrochloric  of 
the  same  degree  of  acidity  as  gastric  juitc.  merely  con\'«rts  these 
proteids  into  acid-nlbumin,  tht;  mpidity  i)f  the  change  diflbrina 
with  the  different  proteids,  being  in  some  cases  very  slow,  nu5 
requiring  a  rchilively  high  ternix-i-ature. 

If  the  same  while  of  egg  or  sernm-slbumin  lie  treated  with 
gastric  jui<«  instead  i>f  simple  dilute  bydrochlonc  acid,  the  events 
for  siuiic  time  seem  the  same.  Thus  after  a  while  boiling  cau!>e9 
no  coagulation,  while  neutralisation  gives  a  considerable  precipitate 
of  a  proteid  Imily,  which,  being  insoluble  in  waler  and  in  sodium 
chloride  solutions,  and  soluble  in  dilute  alkali  and  acids,  at  least 
closely  resembba  neid-albumiu.  Rut  it  is  found  that  only  a 
portion  of  the  proleid  origimilly  prcs^eiil  in  the  white  of  egg  or 
serum-nlbuniin  c«n  thus  he  regaim-il  by  precijutation.  Though 
the  ncutralisatiuu  be  carried  out  with  the  givatcst  care  it  will  b: 


CdAf.  I.]  TISSUES  AXD  MECUAXISMS  OF  DIGESTION.  825 

fouud,  on  filleriiig  off  the  neutrali&alion  precipitate,  tJiat  the  fil- 
tnte,  as  shewn  on  einploviog  the  various  tests  for  protoid  (g«« 
§  i!>)  or  on  adtling  an  a(le(iUHte  quantity  of  8tTMi<<  ulcohul,  still 
contains  a  very  cuusidvrablu  quantity  of  protvid  lu^ttvr ;  and,  on 
the  whidi!,  thi!  loDger  thu  digestion  is  carried  un,  thv  greater  is 
the  proporliuD  hurno  by  the  proleid  reniaining  in  sululino  to  the 
pn«ipituti;  ihriiwn  down  on  ininlmlisatinn;  indt^ed,  in  some  cases 
at  all  events,  nil  thw  pmteid  iiialt«r  nriyiiially  present  remains  in 
solution,  and  there  is  no  neniralisatioii  precipitation  at  all,  or  at 
most  a  wholly  insignificant  one, 

§  181.  Tlie  (iroteid  matter,  thus  remaiaiDK  in  solution  iLft«r 
neutrali'oition,  diJfi-rs  from  all  the  pioteids  which  wa  have  hitherto 
suidie  1  in  as  much  as,  thou>{h  existing  in  a  neutral  sulution,  it  is 
not  coagulated  by  iii;itt.  tiku  the  ogg-ulbumiu  or  suniiu-^ilbumiu 
trota  which  it  bns  bwn  produced ;  the  solution,  after  the  ueutrnli  - 
sation  pTecipitutu-  hai«  buou  filtered  ufT,  remnius  quite  clear  when 
boiled.  The  only  other  solulinns  yf  protvid»  which  do  not  coagu* 
late  un  boiling  am  solution:*  of  acid  or  alkiili-albiimiii  ,  but  these 
wltitions  miisl  be  acid  or  alkali  respeclively ;  the  acid-albumin  or 
alkali-albumin  is  insoluble  in  a  neutral  sohutoti,  and  when  simply 
suspended  in  watar  is  reatlily  coagulated  at  a  temperature  of  75". 
This  new  proteid  matter  of  which  we  are  speaking  is  soluble  in 
neutnii  solutions,  indeed  in  distilled  water,  and  can  under  do 
circumsUnces  bo  coagulated  by  heat, 

Upon  tixaoitnation  we  find  thiit  the  new  prot^^id  matter  thus 
left  in  solution  coiiKi.-<ts  of  m  lutust  two  distinct  proteid  bixtics. 
If  to  the  soltitioii  neutral  aniiuouiuui  sulphntu  be  added  to 
saturation,  part  of  the  proti-id  malVr  is  procipit^ited  while  part 
is  still  left  in  solution.  The  proteid  body  thus  thrown  down  i» 
cnth-d  albumoee.  The  body  which  is  not  thrown  down  by  ammo> 
nium  sulphate  is  called  prptojie.  Now  peptone  is  characterised 
by  being  diffuKibL-;  it  will  pass  tbrnugh  membranes  The  diffu- 
sion is  not  nearly  mo  rapid  as  that  of  salts,  sugar,  and  other  simi- 
lar subetances;  ind^d  sidntimis  of  jieptone-s  maybe  frcud  from 
salts  by  dialysis.  But  it  is  wiy  niarkod  as  compared  with  that 
of  other  protfiids :  ibese  pass  thrmigh  lucnibrcimts  with  tlie  great- 
est dil&culty,  if  at  alL  Peptone  is  insoluble  in  alcohol,  and  may 
bo  precipitated  from  its  solutions  by  the  addition  of  an  adequate 
quantity  of  this  reagtot ;  but  for  this  purpose  a  very  large  excess 
of  alcohol  is  nwd<.-d,  otherwise  much  of  the  peptone  remains  in 
eolatioa.  It  may  be  k<.-pt  under  alcohol  for  a  long  timu  without 
undergoing  change,  wbervas  other  proteids  are  more  or  less  slowly 
eoagiiiated  by  alcohol.  A  useful  tvxt  for  peptone  is  furnished  bj 
the  fact  that  a  solution  of  peptone,  mixed  with  a  strong  solutiou 
of  caustic  pota-<<fa,  gives  on  addition  of  a  mere  trace  of  cnpric  sul- 
phate in  the  cold  a  pink  colour,  whererw  other  proteids  give  a 
riaUt  colour.  In  applying  this  test,  known  as  the  ■  biuret'  leat, 
oowever,  care  must  be  taken  not  to  add  too  much  cupric  sulphate 
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since  ill  that  case  a  violt-t  colour,  deepening  on  boiling,  that  ia 
the  ordinary  proti^iil  ri'.actiuii,  is  obtnincd.  Thurc  are  ruiisone  for 
thinking  that  tliere  are  sovei-nl  kinds  or  at  least  more  lliaii  one 
kind  of  [leplone;  but  we  may  for  the  present  »\>KA\i  of  tho  suV 
stance  as  one. 

Albumose  ditTcTH  from  peptone,  not  only  in  being  precipitated 
by  ammtmiuui  sulphiito  but  also  in  being  much  less  ditfusible, 
and  in  otlur  minor  characters.  Albumose  like  peptone  gives  the 
bitiret  reaction.  Wo  are  able  to  disiingnish  several  Kinds  of 
albumo-se,  Iml  into  the  details  of  these  we  uvvd  not  enter.  The 
amount  of  albuniitBe  apjiearing  id  ii  digestion  experiment,  rela- 
tive to  the  amount  of  true  (vej'tone,  dejiends  on  the  activity  of 
the  juice,  and  other  circumsUnces.  W'e  may  regard  albumiwe 
aa  a  less  complete  product  of  digi-stion  than  peptone.  For  a  long 
time  albumose  was  confounded  with  peptone,  and  many  of  the 
commercial  forms  of  "peptone"  consist  largely  of  albumose. 

When  fibrin,  either  raw  or  boiled,  or  any  form  of  consulated 
protcid  is  dissolved  and  seems  to  disappear  under  the  iutluunce 
of  gastric  juice,  the  same  products,  albumtwe  and  peiitone,  make 
their  ap[)earaiic^'.  Tlie  same  bodir.s  result  when  myosin  or  any 
one  of  the  gli)hulins  or  acid-albumin  or  alkali-alhumin  is  subjected 
to  the  action  of  the  juice. 

Iteaidea  albumose  other  bodies,  which  may  also  be  regarded  aa 
less  complete  products  of  digestion,  make  their  appearance,  to  a 
variable  extent  under  ditl'erent  circumstances  when  protcid  is 
digest<:d  with  gastric  juice.  On  these  bodies  however,  known  us 
para[)eptone  and  by  other  names,  we  need  not  dwell 

It  19  obvious  that  the  elTcct  of  the  action  of  the  gastric  juice 
ie  to  change  the  less  soluble  proteid  into  a  more  soluble  form,  the 
change  Ix'ing  either  conipleled  up  to  the  stage  of  peptone,  the 
most  8"Uible  of  all  proteids,  or  being  left  in  part  incomplete. 
This  will  tie  seen  from  the  following  tabular  arrangement  of 
pTotcids  according  to  tlieir  solubilities. 


Soluble  in  distilled  water. 

Aqueous  solutions  not  coagulated  on  boiling. 

Diffusible Peptone. 

Much  leas  diffusible Albumose. 

Aqueous  solutions  coagulated  on  boiling  .     Alliumin. 


InsotubU  in  distilUd  water. 

Beadilr  soluble  in  dilute  saline  solutions 

(S'aCl  1  jn.T  cent,)   .......    Globulins. 

Soluble  only  in  strongi-r  saline  solutions 

(NftU  5  to  10  p.  c) Myoftin. 
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IntolvUt  in  diluU  taliits  aoluHom. 


soluble  ui  dilute  acid  (HCI   I  |i.c) 
ta  the  cold .     . 


!  Acid-Albumin. 
Alkali-albuiuin. 
(Jaaein. 


Soluble  with  difficulty  in  dilute  iicid,  that 
is  at  high  lempenitun!  {60*  C.)  aa  1 
Rfler  prolonged  tn-atmciit  imly  .     .     .     Fibriu. 

Insoluble  in  dilute  acids,  soluble  only  in 

strong  ttcids Coagulated  Protcid. 

Milk  wlieu  treated  with  gastric  juice  is  fimt  of  all  "  curdleiL" 
This  i^  the  result  partly  of  the  action  of  the  free  scid  bnt  chiefly 
of  tlii;  special  action  of  a  particulaj  constituent  of  gastric  juice,  of 
which  we  shall  speak  lifiri'afcer.  The  ciird  consists  of  a  particular 
prot«id  matter  niixod  with  fat ;  and  this  prolcid  matter  is  sub- 
sequenilv  dissoh'ud  with  the  saniu  appuMraucu  uf  [•t.-ptime,  ulbu- 
mosB  and  other  Itodira  as  in  tlui  ca^u  of  other  proli;idM.  Iii  fact, 
the  di^stjun  by  gastric  juice  of  all  iht;  vorietie-s  of  prnteids  con* 
sisui  in  the  conversion  of  the  proleid  into  pept^me.  with  the  con* 
comitwit  appearance  of  a  certain  variable  amount  of  albumoi«e  and 
otlier  bodies. 

§  18S.  ('ireumslanees  a^ffeeting  ^nstrie  ^i;/ention.  The  solvent 
action  of  gastric  juice  on  proteids  ia  mwlified  by  a  variety  of  cir- 
cumstances. The  nature  of  tb«  proteid  itw-If  makes  a  difference, 
though  this  ia  deU-ruiincd  as  well  by  physical  aa  by  chemical 
characters.  Hence  in  making  a  series  of  comparative  triaLs  the 
suae  proteid  should  be  it»ud,  And  the  form  of  pr<it«id  most  con- 
venient for  the  purpii^e  i»  fibrin.  If  it  bu  desired  simply  to 
ascertain  whether  any  given  specimen  hn.*  any  <li<^-.'<ttvv  [K^wcirs 
ai  all,  il  ia  best  to  use  boiled  librin,  since  raw  librin  is  eventually 
dissolved  by  dilute  hydrochloric  acid  alone,  probably  on  account 
of  some  pepsin  previously  present  in  the  blood  becoming  entangled 
with  tlw  fibrin  during  clottin);.  But  in  estimating  quantitatively 
the  p<.-ptic  [Mjwtfr  i4  two  spocimens  of  ^tric  juice  under  different 
conditions,  raw  tibrin  prepared  by  Griitzner's  method  is  the  most 
eoDveuienU 

Portions  of  n-dtl  ursuhcl  librin  anatatned  irith  carmine  and  again 
washed  to  remnvo  thp  giiperfluous  coloariag  matter.  A  fraement  of 
this  ooIr>uTi?d  fibrin  thrown  into  an  active  juice  on  becoming  aissolTeil, 
gives  up  its  c>'>l<iur  t<~>  the  tbiid.  Hence  if  tbe  Mime  stock  of  coloured 
JlbHn  be  ii^ed  in  a  snnM  of  experiments,  and  the  same  bulks  of  fibrin 
and  of  Huid  be  used  in  (tach  casp,  the  amount  of  fibrin  dissolved  may 
be  fairir  Mtimated  by  the  depth  of  tint  given  In  the  fluid.  Fibrin  thus 
eoteorea  with  carmine  may  be  presorred  in  ether. 

Since,  if  sufficient  time  be  allowed,  even  a  smaU  quantity  of 
gastric  juice  will  dissolve  nl  h-Ast  a  very  large  if  not  an  indefinite 
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quantity  of  fibrin,  we  are  led  to  take,  aa  a  measure  of  the  activity 
of  a  specimen  of  Raslric  juiue.  uot  the  quantity  of  fibrin  which  it 
will  ultimiiUil^  dissolve,  but  the  rapidity  with  which  it  dissolves 
a  given  qvmiility. 

The yreatt-rlbt!  surface  presi^ntL'd  to  th>.'  action  of  ihe  juicv,  the 
nmrii  rapid  tlie  solution  ;  hem*  minute  <!ivi!sii'n  ;ind  constant  move- 
ment favour  digestion.  And  tliis  is  probably,  in  jiart  at  least,  the 
reason  why  a  fragmt^nt  of  spon;;y  filamentous  tibi'in  is  more  readily 
dissolved  than  a  solid  clump  of  boiled  white  of  egg  of  the  same  aixa 
Keutrulisutiun  of  the  jnims  wholly  arrests  digestion ,  fibrin  may  be 
Kubniitted  for  nu  Klmost  indi-'linilv  limu  to  the  action  of  neutialUed 
gasttio  juici;  witbont  being  digostvd.  If  the  iieutialiscd  juice  be 
ptopsrly  acidified,  it  may  iigiiin  become  ftctlvo ;  when  cuslric  juice 
however  had  been  made,  alkaline,  nod  kept  lur  somu  timu  at  a 
temperature  of  35",  it«  solvent  powers  are  not  only  suspended  but 
actually  destroyed.  Digestion  ift  most  rapid  with  dilute  hydro- 
chloric  acid  of  -2  p.c  (the  acidity  of  natural  gastric  jui(?ej.  If  the 
juic«  coatttins  much  more  or  much  less  free  acid  than  thift,  ittt 
activity  is  distinctly  impaired.  Other  acids,  luetic,  phosphoric.  &c 
may  be  siU)stituted  for  hydrochloric;  but  they  are  not  so  effec- 
tual, and  the  digree  of  acidity  most  useful  varies  with  the  dif- 
ferent acids.  Tlie  presi-nc*  of  neutral  salu<,  snrh  us  sodium 
cbluride,  in  excess  is  injui'i(>n&  The  action  of  inamnialian  gastric 
juice  is  most  rapiil  at  35"- — 40"  C ;  ai  the  ordinary  lempeialure  it 
is  much  slower,  and  at  about  0"  (1  ceases  allogethi'r.  The  juice 
may  \x;  kept  however  at  d"  C  for  an  indefinite  periixl  ^vitbont 
injury  to  its  powers.  The  gastric  juice  of  cold-blooded  vertebrates 
is  relatively  more  active  at  low  temperatures  than  that  of  warm- 
blooded mammals  or  birds. 

At  temperatures  much  above  40"  or  45"  the  actiou  of  the  juice 
IB  impaired.  Ity  boiling  for  a  few  minul^s  the  activity  of  tlie  most 
powerful  juice  is  irrevocably  destroyed.  The  pri'sentM;  ina  voucen- 
Iraled  form  of  the  pmduct-s  of  digestion  hindwrs  the  process  of  solu- 
tion. If  a  large  quantity  of  fibrin  U?  jdnoed  in  a  small  quantity  of 
juic^',  digestion  is  soon  arrested  ;  on  dilution  with  the  normal  hy- 
droclilnric  acid  {'2p.c-),  or  if  tlie  mixture  be  submitted  to  dialysis 
to  remove  the  iwpiones  formed,  and  its  acidity  be  kept  up  to  the 
normal,  the  action  recommences.  By  removing  the  products  of 
digestion  as  fast  as  they  are  formed,  nnd  by  keeping  the  acidity 
up  to  the  normal,  a  given  amnuiil  of  gastric  juice  umy  }»•  made 
to  digMt  a  Tcrj-  large  quantity  of  I'rtiteid  nuitcrial,  Whether 
the  quantity  is  really  unlimited  is  disputed;  but  in  any  case  the 
energies  of  the  juice  are  not  rapidly  exhausted  by  the  act  of 
dige.*tion. 

§  1S3.  Nature  of  the  action.  All  these  facts  go  to  shew  that 
the  digestive  action  of  gastric  juicfl  on  proteids,  like  that  of  saliva 
on  starch,  is  a  ferment-action  ;  in  other  words,  that  the  solvent 
action  of  jjostric  juice  is  tw^untiully  due  to  the  presence  in  it  of  a 
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ferment-body.  To  this  ferment-body,  winch  as  ret  has  been  only 
apIiroxiinale\v  Uo]n:«d.  the  name  of  pepsin  lias  been  given.  It  is 
pnaent  not  only  iu  gasU-ic  juics  but  also  ui  the  gUuda  of  the 
gastric  mucous  mambmiie.  fispecinlly  in  curloiu  purls  auti  und«r 
certain  cuntliliun;  which  v,c  ithall  sliidy  [mwcDlly.  C'oncvrDing 
its  exw^  ituturu  wu  ciinuol  iiiaki*  any  detinilt^  !«tatt*inciit ;  we  hnvv 
no  abscilutu  [iruuf  thftt  it  i»  a  pmteid,  probable  n:*  lhi.«  may  !>(^in. 
We  are  as  yet  unable  to  define  it  by  any  chemical  characters.  At 
present  the  inanifestation  of  peptic  povera  is  our  only  ssfe  test  of 
the  Dreaenoe  of  )>epsin. 

In  one  important  respect  pepsiu.  thp  ferment  of  gastric  juice. 
dinV^Ts  from  ptyalin.  the  ferment  of  saliva.  Siilivn  is  active  in  a 
pi^rfoctly  neutral  moihum,  und  there  soenis  tu  bu  no  sjiectiil  con- 
oecUon  b«twTOn  the  ferment  ami  any  alkali  or  nciil-  In  gastric 
juice,  however,  there  i»  a  strong  tie  between  tiie  aciii  and  the  fer- 
taent,  so  ittrong  that  some  writers  speak  of  pe]>^in  and  hydrochtoric 
acid  as  forniin);  to^^tlier  a  oonipotind.  pE^pto-nydrochloric  acid. 

In  the  abnence  of  exact  knowledge  of  the  constitution  of 
proteids,  «e  cannit  state  distinctly  what  is  the  precise  nature  of 
the  chan"o  into  peptom? ;  the  variuU'i  proteids  differ  from  yach 
otiMr  in  ctemsatary  compositiou  quite  as  widoty  as  dixis  ]ic]itoQe 
from  any  of  them.  Judi^inj;  from  the  annlo^^y  with  the  action  of 
tiliva  on  starch,  we  may  fnirly  supjKise  that  the  process  is  at 
botuim  one  of  hydration ;  and  this  view  is  further  stif^gusUtd  by 
the  fact  thai  peptone  cloiiely  reitenibliug.  if  not  idenliial  with,  that 
obtained  by  gastric  di^eition.  may  be  fihiniued  tiy  the  action  of 
strong  acids,  by  the  prolonged  action  of  dilute  acids  es)K^cially  at 
a  high  temperature,  or  simply  by  digestion  with  super-heated 
water  in  a  Papiu's  digester,  that  is  to  say  by  means  of  agents 
wbicli,  in  other  cases,  produce  their  effects  by  bringing  about 
bydrolytic:  chauL^u^. 

§  184.  ,  All  proteids,  so  far  an  we  know,  are  couverted  by  pep- 
sin into  i>e*pfMia  C>>iiceni!n^  the  aoiiou  of  gMlric  juit*  ou  other 
Dilrogenotis  siibstance.i  more  or  less  allied  lo  pmteids  but  not 
truly  proteid  in  nature  our  knowledge  is  at  pr^^euc  imperfect. 
Mucin,  nnclein,  and  the  chemical  basis  of  horny  tissues  are  wholly 
unaffoctvd  by  gastric  juice.  The  gelatiniferous  tJssuea  are  dis- 
solv««l  by  it ;  and  the  bundles  and  membranes  of  connective  tissue 
are  very  s]}eedily  so  far  affected  by  it,  that  at  a  verj-  rarly  stage 
of  dige«tioD,  the  liundk-a  and  elementary  fibres  of  muscle  which 
are  bound  tOJ.^tthe^  by  connective  tissue  fnll  nsnnder;  moreowr 
both  prepared  gi'laline  and  the  gelatin  if  erou.*  basis  of  c<»nn«;tivo 
tisHQe  in  its  natuml  couditiuti,  tliat  is  without  being  previously 
heated  with  water,  are  by  it  changed  into  a  snbsUnce  so  far 
analogous  with  peptone,  that  the  characteristic  property  of  gela- 
tinisatioQ  K  entirely  ImL  C'hondrin  and  the  elastic  tiseoea 
omliTiifi  a  similar  change. 

§  iS5.     Action  of  yaairie  juiet  on.  milk.    It  has  long  been 


known  that  an  infusion  of  calves"  stomach,  called  rennet,  bns  « 
Ktinarkable  effect  in  rapidly  curdling  milk,  and  this  properly  U 
madv  use  uf  iu  thu  tuunufacturc  of  cheese.  Uastric  juice  has  a 
eimihir  ctfecl;  uiilk  wlicu  subjected  to  the  action  of  gaatric  juice 
is  first  curdled  and  tliun  di-^sied.  If  u  few  drops  of  gastric  juice 
be  added  to  a  little  niilk  in  a  itiHt-tulm,  niul  thu  mixture  exposed 
to  a  temperature  of  40",  the  milk  will  curdle  into  a  cumplet«  clot 
in  a  vtry  short  time.  If  the  action  be  continued  the  curd  or  clot 
will  be  ultimately  dissolved  and  digested.  Milk  contains,  hesides 
a  pt-culiiir  form,  or  peculiar  forms  of  albumin,  lats,  milk-sugar  and 
various  muIIdus,  tlie  peculiar  ]  ruteid  casein.  In  natural  milk 
casein  is  present  in  snliiiitin,  and  'curdling'  consists  vsscntially 
in  the  Ruluhle  casein  being  cunverted  (or  more  probably  as  wo 
shall  .tee  j>resently,  split  up)  into  an  insiilubic  inodilicmion  of 
casein,  which  aa  it  is  being  predjiilated  tarries  down  with  it  a 
great  deal  of  the  fat  and  so  foiius  the  '  curd.'  Now  ca-*ein  is  readily 
precipitated  from  milk  upon  the  addition  of  a  small  quantity  of 
acid,  and  it  might  te  supposed  that  the  curdling  efiect  of  gastric 
juice  was  due  to  its  acid  reaction,  lint  tbis  is  not  the  case,  for 
neutralisird  gastric  jiiicv.  or  noutrnl  icnnet,  is  uqually  i-flicucious. 

The  curdling  nctJon  of  reniiet  is  clowly  de]ieiuient  on  ti'mpcra- 
ture.  being  like  the  peptic  action  of  gastric  juice  favoured  by  a  rUc 
of  temperature  up  to  about  40".  Moreover  the  curdling  action 
18  destroyed  by  previous  boiling  of  the  juice  or  rennet.  These 
hots  sugsest  that  a  ferment  is  at  the  bottom  of  the  matter;  and 
indeed,  all  the  features  of  the  action  support  this  view.  More- 
over, aa  a  matter  of  fact,  a  curdling  ferment  may  be  extractt-d  by 
glycerine  and  by  the  other  mi;thuds  Ufcd  for  jircpnring  ferments. 
The  ferment,  however,  is  not  |>epsin,  but  some  other  body;  «ud 
the  two  may  be  separated  from  each  other. 

It  mighi  bo  thought  that  the  rennet-ferment,  Tfiinin  we  may 
call  it,  acted  by  inducing  a  fermentation  in  the  sugar  of  milk, 
giving  rise  to  lactic  acid  which  precipitated  the  ca.sein  l»y  virtue 
of  iti*  being  an  acid.  But  thLi  view  is  disproved  by  the  following 
fact*  which  shew  that  tiie  ferment  produces  its  curdling  effect  by 
acting  directly  on  the  natural  caf^ein  itself.  Casein  may  W  pre- 
cipitated unchanged,  that  is.  capable  of  rvdissolving  iti  wnter  (the 
presence  of  calcic  phosphate  being  Hssumed)  by  saturating  milk 
with  neutral  saline  bodies  (such  as  sodium  chloride  or  niagnc^iuni 
sulphate);  and  by  Iming  precipitated  and  redi-ssiilved  more  than 
once  may  be  obtained  Inrg«ly  freo  from  fat  and  wholly  free  from 
milk-sugar.  Such  sidutiouH  of  isolated  casein  freed  from  milk- 
sugar  nmy  be  made  to  curdle  like  natural  milk  by  the  addi- 
tion of  rennin,  shewing  that  the  milk-sugar  has  nothing  to  do 
with  the  matter.  Moreover  the  precipitate  thrown  down  from 
milk  by  dilute  acids,  lactic  acid  included,  is  iiaelf  unaltered  or 
very  sUghtly  altered  casein  not  curd,  and  with  care  may  be 
80  prei»ircd   as  bo    be  rvdLssulved  into  sutulions  which  curdle 
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with  renniD,  like  solutious  of  casein  proparoJ  by  means  of  neutral 
salts. 

When  iaolated  casein  is  curdled  by  means  of  reimiii  two  pro- 
teids,  it  is  stated,  make  their  appearance,  one  of  which  is  eoliihle 
and  allied  to  albumin,  and  anotlier,  which  is  insoluble  and  foniis 
the  curd.  Curdling,  tberBforo,  according  to  this  result  appears  to 
be  the  splitting  up  by  «  fL-rmunt  of  a  more  complex  body ;  and  it 
is  iotvrcsttng  to  vbsurvv,  us  [icrhaps  throwing  light  ou  the  some- 
what niinlogous  formation  uf  tibrin,  thiU  this  curdling  action  will 
not  take  place  if  calcic  phosphate  l>o  whoUv  absent  from  the  mix* 
ture.  The  calcic  phosphate  appears  to  piay  a  peculiar  [lart  in 
determining  the  insolubility  of  the  curd,  for  there  is  evidence 
that  in  the  absence  of  calcic  phosphate  the  ferment  has  power  to 
attack  the  casein  and  split  it  up,  but  that  both  products  remain 
in  Bolutiou ;  if  calcic  phosphate  be  present,  the  one,  viz.  the  curd, 
b(.'com«s  insoluble. 

Bunnin  is  abundant  in  the  gastric  juice  and  in  the  gastric 
mucous  membrane  of  ruminants,  but  is  also  found  in  the  gastric 

t'uice  of  other  animals,  and  eith<T  it,  or  what  we  shall  presently 
lAve  occasion  to  speak  of  as  the  antecedent  of  the  ferment  or 
Ofnu^n,  is  present  also  in  the  mucous  membrane  of  tlie  stomach 
(H  most  animals.  A  very  similar  if  not  identical  ferment  has 
also  been  found  in  many  plants. 
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SEC.  2.  THE  ACT  OF  SECRETION  OF  SALIVA  AND 
GASTRIC  JUICE  AND  TRIi  NEKVOUS  MECHANKSMS 
WiUCH  BEGULATK   IT. 


§  186.  The  snliva  find  gastric  jiiioe  whose  properties  we  hftve 
stH<iit?ii,  though  so  (iift'fiieiit  from  each  oiher,  are  lioth  drawn  iilt.i- 
luattily  from  one  cominoo  soun*.  the  blood,  and  they  are  ponred 
into  the  alimentary  canal,  not  in  a  continuous  flow,  but  interniit- 
t«ntly  aa  occasion  may  demand.  The  epithelium  cells  which 
supply  tht'Hi  have  their  [A-riods  of  rest  aoid  of  activity,  and  the 
amount  mid  <)uidily  of  the  Uuids  which  thi>se  cells  secrete  are 
dolurmiiiod  by  the  uceiU  ot  the  m-ououiy  n*  the  food  piit^s^s  along 
the  cftuitl.  Wc-  have  now  to  coufider  Imw  the  ciiitlKlium  cell 
manufaclur&t  iis  special  secretion  out  of  the  niatvriBls  supplied  lo 
it  by  the  blood,  and  bow  the  cell  is  called  into  activity  by  the 
preECncc  of  food,  it  may  be  as  in  tbe  case  of  saliva  at  some  dis- 
tance from  itself,  or  by  circumstances  which  do  not  bear  directly 
on  itsi'It.  lu  dealing  with  thtSB  matters  in  connection  with  the 
dit^estivo  juices,  we  shnll  have  to  enter  at  j-ome  length  into  the 
physiolopy  of  secretion  in  Ki'ti^nil. 

Tbe  riueslion  which  presents  itself  first  is :  By  whut  mevban- 
ism  LI  the  acti\'ity  of  tbe  *ecieiiiiK  cells  brought  into  play  T 

While  fasting,  a  small  qiinnlity  only  of  saliva  is  poured  into 
tho  mouth ;  tbe  buccal  cavity  is  just  mtit^t  and  noiliiiig  more 
When  foiMl  is  taken,  or  when  nny  sapid  or  stimulating  snbstanc*, 
or  indeed  a  hmly  of  any  kiud,  is  iiiti-odvced  into  the  mouth,  a  How 
is  induced  which  may  he  very  copious.  Indeed  the  cjuantity 
secreted  in  ordinary  life  during  24  hours  has  been  nmgbly  cal- 
culated at  as  much  b«  from  1  to  2  litres.  An  abundant  secretion 
in  tho  absonev  of  fnod  in  the  mnuth  may  be  called  forth  by  an 
emotioD,  AS  when  the  mouth  wakTs  iit  tbe  sight  of  food,  or  by  a 
stnvll,  or  by  (■vents  occurrint;  in  tlitt  ^toruaeh,  as  in  some  cased  of 
nausea.  Evidently  in  theie  instances  fome  nervous  mechanism 
is  at  work.  In  studj-ing  the  action  of  thin  nervous  mechanism,  it 
will  be  of  advantage  to  couliao  our  attention  at  fimt  to  the  sub* 
maxillary  gland. 
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§  187.  Thu  submaxillnry  gland  is  supplied  with  two  seu  of 
nerve*.  Thesn  are  repreaented  in  Kig.  it>,  which  is  a  very  dia- 
grARimatic  rendering  of  the  apmaranoes  pre.seuted  when  the  siib- 
maxillnr}-  gland  is  prepared  tor  an  experiment  in  a  dog,  Uie 
animal  Iwing  placed  on  its  back  and  the  gl«iid  exposud  from  the 
neck.  The  oue  set,  and  that  thu  mon;  iuiprjrtant,  belongs  to 
the  ck&rda  tympani  nerve  (c/t.1").  Tiiis  is  a  small  nerve,  which 
branchiM  off  from  the  facial  or  seventh  cranial  niTve  in  the  Fallo 
pian  canal  before  the  nerve  issuer  from  the  skuIL  Whether  it 
really  belong.')  to  the  facial  pi-oper  ha.4  been  doubted ;  in  man  the 
Hbres  which  form  it  are  thither  Sbres  coining  not  from  tlie  roots  ot 
the  facial  proper,  but  fivjin  the  portio  iittermcdia  iVrisberffi,  or, 
according  to  sume,  fibres  which  though  joining  the  facial  in  the 
Fallopian  canal  are  ultimately  derived  from  auoth<^-r  (the  fillh) 
cranijil  nurvv.  Leaving  the  facin)  nerve  the  chorda  tyinpani 
patses  through  the  tympuuiv  cavity  or  drum  of  the  ear  (hence 
iJie  name)  and  juimt  or  rather  niiis  in  company  {ch.t')  with  the 
lii^al  or  gii»lat*>ry  branch  of  the  fifth  nerve.  Some  of  the  fibres 
run  on  with  the  lingual  right  down  to  the  tongue  (these  are  not 
Bbewn  in  the  hgure),  but  many  leave  the  lingual  as  a  slender  nerve 
(eh.t).  which  reaching  Wharton's  duct  or  duct  of  the  submaxillary 
gland  (am.il)  runs  along  tlie  duct  to  the  gland.  As  the  nerve 
courses  along  the  duel  nerve  ce11»  make  their  uppeumuctt  among 
the  fibrei,  and  these  are  especially  abundant  jvi»t  after  the  duct 
enters  the  hilus  of  the  gland.  The  Rbres  may  Ije  traced  into  the 
gland  for  ttome  distance,  but  as  we  have  said  their  ultimate  end- 
ing has  not  ynt  been  definitely  made  out.  Along  its  whole  course 
up  to  the  gland,  the  fibres  of  the  chorda  are  very  fine  medullated 
Sbres,  but  they  lose  their  medulla  in  the  gland. 

The  other  set  of  nerve-fibres  reaches  the  gland  along  the  small 
arteries  of  the  gland.  These  are  noii-modulbitt-'d  fibres  mixed 
with  a  few  medullat^'d  Rbrcs  and  imty  be  traced  back  to  the 
superior  oervjca]  ganglion.  Fmui  ihenoe  thviy  may  be  liacud 
still  further  back  down  the  cer\'ical  sympathetic  to  the  spinal 
cord,  following  apparently  the  aame  tract  aa  the  vaAo^constricUff 
fibres,  treated  of  in  §  144. 

§  188.  It  a  tube  be  placed  in  the  duct,  it  ia  seen  that  when 
sapid  fiub'^tancus  are  plaoi-d  on  the  tongue,  or  the  tongue  is  stimu- 
lated in  any  other  way,  or  the  lingoal  nerve  is  laid  bare  and  stimu- 
lated with  an  interrupted  curront,  a  copious  flow  of  saliva  takes 
place.  If  the  sympathetic  be  divi<led,  stimulation  of  th«  tongue 
or  lingual  nerve  still  produces  a  flow,  tttu  if  the  small  cliorda 
norvfl  be  divided,  stimulation  of  the  tongue  or  Ungual  nerve  pro- 
duces no  flow. 

Evidently  Uie  flow  of  saliva  ta  a  nervous  reflex  action,  the 
lingual  nime  serving  as  the  channel  for  the  afferent  and  the 
xmiill  chorda  ut^^rve  for  the  ('(Teront  impiiUe^.  If  the  trunk  of 
the  lingual  be  dividi-d  above  the  point  where  the  chorda  leaves 
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it,  as  nt  n.l'.  Fig.  78,  stimulation  of  the  (fmtit  port  of)  tongue  pro- 
duces, under  ordinary  circumslaiices,  no  flow.  Tliis  shews  that 
the  centre  of  th«  rotlcx  action  ia  higher  up  than  the  puint  ot  sec- 
tion ;  it  li«s  in  fact  in  tbv  hmiu. 
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TlO.  16.     DUORAMMATIC    RBPRBRBTrTinOil    OF    THK    SL'HHAIIL.I.AIir    GlaSD    OV 

TiiK  i)oo  wiTU  m  Kbbvr*  axd  Bi.ooi>  VEBtmU. 

(The  ilissectiuii  tins  Imhiii  idoiIc  on  nn  Biiinin)  Ivliitt  on  lu  biwk,  bnl  •iiici>  nil  Iho 
parU  thcwu  iu  t)i*>  li^urL-  cannut  W  bhiu  from  niiy'oiio  point  ai  vltrw,  Ilin  Ak"^  ''""* 
nut  give  tbc  vxsi't  uiiaUiininJ  nlutlc-iis  of  ihc  «vontl  >lI^a<^tU^cll. ) 

tni,ilil.  'Hie  Mi'>iii.i^J]litry  ginnil.  into  Iho  duct  jin.i/)  nt  wliirli  i  ctiiiniiln  bM 
ItMi  lii^il.  The  iiiLl)llU);it.il  glniid  ami  ctiii^  oro  d«e  ■Imwii.  iiJ.bT.  TI"-  tiiiuu.tl 
lirnocli  of  t.tiB  iKtti  iiprie,  liic  port  iiJ.  i»  going  W  (he  tnn^c.  rl  I.,  ■■*  t'„  <3j". 
'i'lie  i-lionlH  tviiiliMiii.  'I'hc  ijurt  cli,l".  b  prwcodlng  fmni  tlj«  (ei'inl  ncrm  :  At  fh,!". 
I(  tificiiiiii-H  i-<>i]i<)iiii>il  Kith  llic  lingunl  hJ  .  and  DfiArwnnln  divcrgini;  jinsirii  n*  rMu. 
xn  ihA  uUnil  uoiig  the  duct;  tho  (Boutin untioii  of  the  ncMo  in  c(iiiii>iuiv  nltU  thA 
liiieani  "■'■  i»  lint  »li4!wn.  jm.rj/.  Thn  mibiniixillnry  giiiifjliiin  with  1[*  nfvcriJ  roow. 
«j-ur.  'I'lin  carntid  Krlfrv,  two  ilnBll  limiu'hca  of  KhJeh.  u  sm.u.  nnd  r.tm.p,.  jmu  to 
ihn  niilTior  nnd  noi>irrii>t  parta  of  tlio  gkiid,  v.i.m.  "Vho  mitcrioi  nnd  puitcrior 
v*iim  fr.1111  the  glnn-i.  fallins  Inw  iv.  tlic  jugular  vpin.  iMjnt.  The  conjoiiicd 
TilftU*  nnd  •vinpnthetip  Ininkn.  qletr.t.  The  njjper  I'pniciil  cniiglion.  two  branch™ 
0(  wliii-li  toVmiiii!  n  iilexM  (o./.)  over  the  (ari»l  anpry.  nre  (lintribuk-ii  (n  lym.nn.) 
Along  thn  two  Blniiiliilnr  nrtrrici  to  the  nnlerior  nnd  poiiicrior  jiurtiuiis  ot  tlm  ("laud- 

Tbo  arrnwD  hidimtn  Iho  direo-tiun  Uiken  hy  tho  nervoat  lmpDl*M  daring  rallox 
■timuhitioii  of  tlm  Klaiid.  They  ul-oiiiI  io  Ihe'Urtiu  by  tho  lincunl  nod  dCKond  hy 
Hit  chordn  tyini>aii!. 

Ill  th(*  angle  hetwcen  the  linciial  ntiil  th«  chorda.  wTiorc  tlip  latter 

Inav^H  the  former  to  piwx  to  tlni  gtaixh  H*""  tlic  •mull  suhmaxillary  gaii- 

nti^n  /»«  'tiaerainniaHnillv'  in  Fig.  7fi  xm.'jl.).     This  coii?i»t» 

•IU  Iving  on  thn  inniill  Imnclh-N  ol  ii«rve-filirc« 

•q  tho  lingu>]  niifl  cliorila  tycnpani 
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IMITM  (i^h.t.)  townrds  tho  iluctK  of  tlit!  mibmaxillury  taA  sublingual 
glands.  It  lio*  Imiii  mucti  ilvbuted  wlietlicr  l\>\*  gtitigUun  uau  act  as  a 
centre  of  rctlcx  lurtiuu  in  coiim'ctiuii  tvitli  tliu  subiiiiixillary  k'^'x^i  but 
tio  mnchixiri:  t^viilt-ncu  tliiU  it  iWi  hu  iu;t  bun  us  yet  b«oa  shewu;  tt 
(•robnbly  b«lopg*  in  mUitjr  to  tlic  ■ubliiiguul  glaiid. 

Stiiinilatioii  of  tli«  };Ios80|i!mrjiigp,al  is  even  more  efTectual 
than  that  of  the  lingual.  Frobablv  this  indo<!(t  is  the  chief 
ntTercnt  iterve  in  ordinary  secietion.  StimuUlion  of  the  mucous 
meiDbrane  of  tlie  stfimach  (as  by  food  introduced  through  a  pag- 
tric  fistula)  or  of  the  vngus  may  also  pniducc  a  flow  uf  snlivii,  as 
indeed  may  Btimuhtion  of  the  sciatio,  and  probably  of  many  olhur 
afferent  nervea  All  thcso  casu'^  aiv  iustiui;.'i.-j(  uf  reUex  action,  Ilie 
ccrebro^epioal  sysluin  acting  ai^  it  centre.  We  laey  further  define 
the  cvDtre  as  a  part  uf  the  nu-dulln  obhuigata.  apparently  not  far 
removed  fri^m  Ibo  vaso-mntor  ciintre.  When  the  brain  is  retuoved 
down  Co  the  medulla  oblongata,  that  organ  tiein^  left  iiitacl,  a  How 
of  saliva  may  still  t>e  obtained  by  adequate  stimulation  of  various 
afferent  nerves;  when  the  medulla  ia  destroyed  no  such  nction  is 
possible  And  a  (low  of  saliva  may  be  produced  by  direct  stimu- 
lation of  the  medulla  itself.  When  a  How  of  saliva  is  excited  by 
ideas,  or  by  emotions,  the  nervous  processes  begin  in  the  higher 
parts  of  the  brain,  and  dt.^scend  thence  to  the  medulla  before  they 
give  rise  to  di-stinct1y  efferent  impulses;  and  it  would  apj)ear  tbal 
these  higher  parta  of  the  brain  are  called  into  action  when  a  flow 
of  iL^iva  is  excited  by  di.ttinct  seiiftatlon^  of  ta-ste. 

Considering  then  the  flow  of  saliva  as  a  reflex  act  the  centre 
of  which  lies  in  the  medulla  oblongata,  we  may  imagine  the 
efferent  impulses  passing  from  that  centre  to  the  gland  either  by 
the  cliordii  tympani  or  by  the  sympathetic  nerve.  Although  it 
would  perhaps  f>o  nwh  to  say  that  in  this  relation  the  sympathetic 
nerve  never  nets  m  an  efferent  channel,  as  a  matter  of  fact  we 
have  no  satisfactory  experimental  evidence  that  it  does  so;  and 
we  may  therefore  state  that,  practically,  the  chorda  tympani  ia 
the  Mle  efferent  nerve.  Section  of  that  nerve,  eilhor  wlivrc  the 
fibres  pass  from  the  lingual  nerve  and  the  submaxillary  ganglion 
to  the  gland,  or  whirrs  it  runs  in  the  same  sheath  as  the  lingual, 
or  in  any  part  of  its  course  from  the  main  facial  iniiik  to  the  lin- 
gual, puts  an  end,  as  far  as  wc  know,  t*)  the  possibility  of  any  How 
being  excitiMl  by  stimuli  n])plied  to  the  son^nrj'  ncrvf$,  or  to  the 
sentivnt  tiitiaca  of  the  mouth  or  of  other  ]iarts  of  the  body. 

The  natural  reflex  act  of  seorelioa  may  )>e  tnliiliited,  like  the 
rcRex  action  of  the  vaso-motor  nerves,  at  its  centre.  Thtis  when, 
as  in  the  n1<l  rice  ordeal,  fear  p.irches  the  mouth,  it  \.*  probable 
that  the  afferent  impulses  caused  by  the  pr>:-.sence  of  food  in  the 
mouth  oeaae,  through  emotional  inhibition  of  their  reflex  centre, 
to  giv»  ripe  to  efferent  impulses. 

§  189.     In  life,  then,  the  Sow  of  saliva  b  brought  about  by  the 
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advent  to  the  gland  along  the  chorda  tynipani  of  eETerent  impulses. 
stcirt«d  cliietiy  by  reflex  actions.  The  inquiry  thus  narrows  itself 
to  the  question :  In  what  manner  do  these  etlerent  impulses  cause 
the  increase  of  How  ' 

If  in  a  d'lK  a  luhf  Im  inIrcRltticd  into  Wharton's  duct,  and  thL- 
cluinia  Iw  divi.led,  tlie  tbw,  if  any  lie  guiiiy  on,  is  from  iha  luck  of 
efferent  impulses  arrested.  On  passing  an  interrupted  current 
through  the  peripheral  portion  of  the  chorda,  a  copious  secretion 
at  once  takes  place,  and  the  saliva  begins  to  rise  rapidly  in  the 
tube;  a  very  short  time  after  the  appHcation  of  the  current  the 
(low  n-achi:s  a  moMiunui  which  is  ummiaincd  for  some  time,  and 
thcu,  if  the  cunx'ul  be  Ioii<4  contiuueil,  •^nulimlly  lessens.  If  the 
current  he  applied  fur  a  short  time  ouly,  the  sevietion  tuny  last  fur 
some  time  after  the  current  ha»  been  shut  oif.  The  snlivn  thus 
obtained  is  but  slightly  viKcid,  and  uiidor  (he  uiicrascope  a  very 
few  salivary  cori>ur.cle.s  and,  occasionally  only,  amor]>hous  Innijis 
of  peculiar  material,  probably  mucous  in  nature,  are  seen.  If  the 
gland  itself  be  watcUed.  while  its  activity  is  thus  roused,  it  will  be 
seen  (as  we  have  already  said,  g  14;'))  that  its  arteries  are  dilated, 
and  its  capillaries  tilled,  and  that  the  blood  Hows  rapidly  through 
the  veins  hi  a  full  stream  and  of  bright  arterial  hue,  freiiucutly 
vrith  pulsating  uiovi^mLnts.  If  u  veni  of  the  };1and  be  opeued, 
this  larije  in<;rea.-«e  uf  flow,  and  the  lessening  of  the  ordinary 
deoxygeuation  of  thit  bluod  ciui  sequent  upon  the  rapid  stream, 
will  be  still  more  evident.  It  is  clear  that  excitation  of  the 
Oliorda  largely  dilates  the  aiteries ;  tlie  nerve  acts  energetically  as 
a  vaso>diIator  uprve. 

Thus  stimulation  of  iJie  chorda  brings  about  two  events:  a 
dilation  of  the  blood  vessels  of  the  shind.  and  a  flow  of  saliva. 
The  question  at  once  arises.  Is  the  latter  simply  the  result  o(  the 
former  or  is  the  flow  caused  by  some  direct  action  on  the  secreting 
Oills,  apart  from  the  increiiHcd  bloiid-snjfidy  ?  In  support  (rf  the 
former  view  we  nusht  argue  thai  the  activity  of  the  epithelial 
secreting  cell,  like  that  of  any  other  form  of  protoplasm,  is 
dependent  on  IdiKxl-supply.  When  the  small  arteries  of  the  gland 
dilate,  while  the  pies-suie  in  the  arteries  on  the  side  towatiU  the 
heart  is  (as  we  have  previously  seen  when  treating  generally  of 
blood-prpflsure  §  102)  correspondingly  diminished,  the  jirL-ssure  on 
tlie  far  side  in  the  eapilluries  and  veins  i^  increased;  heace  the 
capillaries  become  fuller,  and  m<>re  bl<<ud  pii$.si's  through  them  in 
a  given  time.  From  this  we  might  infer  that  a  larger  amount  of 
nutritive  material  wmihl  pass  away  from  the  capiilariejt  into  the 
Qurroundinj;  lyiu]>h 'Spaces,  and  so.  into  the  epithelium  cells,  the 
remit  of  whii:h  would  naturally  be  to  quicken  the  processes  going 
fxa  in  the  cells,  and  to  stir  these  up  to  greater  activity,  But  even 
admitting  all  this  it  docs  not  aece«saruy  follow  that  the  activity 
thus  excited  should  take  on  the  form  uf  sectetiun.  It  is  quite 
possible  to  conceive  tliat  the  increased  hluud-eupply  should  lead 
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only  tu  the  nccumtilation  in  the  cell  of  the  conittitiienUi  of  tlte 
saltvu,  i>r  oi  the  jaw  uiiitcriiils  (or  their  construction,  ami  not 
to  a  (lischarye  of  tiic  SL-crulion.  A  man  works  better  for  being 
fed.  but  feeding  doca  nuL  miiku  hiin  work  in  the  absence  of  any 
stimuluH.  The  ittcruased  bloixl-siiptily  tbvrcforu,  wliilc  favourable 
to  active  aecrotion,  ntici]  itot  necej^-<arily  bring  it  almiiu  Moruovvr, 
the  foUowioc  facts  tUstiiictly  .thew  tiiat  it  uevd  not  Whi-u  a 
cannula  is  tK-d  iiilo  the  duct  and  tlie  chorda  is  L-iicrf^aieally 
stimuUted,  thu  ]>ru»sur«  acquired  by  the  saliva  accumiilalvd  in 
the  canuula  and  in  the  duct  may  exceed  for  the  time  being  the 
artuHal  blood-pressure,  even  that  of  the  carntid  artery ;  tiiat  is 
to  say,  the  preflitune  of  fluid  in  the  gland  outside  the  blood  vessels 
is  greater  tlian  that  of  the  blood  inside  the  blood  vessels.  I'hin 
must,  whatever  be  the  exact  mode  of  transit  of  nutritive  material 
through  the  vascular  walls,  tend  to  cheek  that  transit  Again,  if 
the  bend  of  an  animal  b«  rapidly  cut  off.  and  the  chorda  immedi- 
ately stimulated,  a  lluw  of  sniivu  takes  place  far  too  copious  to  bu 
accountod  fur  by  the  cmptyin<;  of  the  salivary  channels  through 
any  supposed  contraction  of  their  walls.  In  this  case  secretion  is 
escit«d  in  the  glaud  though  the  bloml-supply  is  limited  (o  the 
snmll  ijuantity  still  remaining  in  the  blood  vi^scls.  Lastly,  if  a 
small  <iuaulity  of  atropin  be  injected  into  the  veins,  stimulaiion  of 
lite  chonla  proilucea  no  secretion  of  saliva  at  all,  though  tlie  dilatJou 
of  the  blood  vessels  takes  place  as  usual ;  in  spile  of  the  greatly 
increased  blood-supply  no  socretioo  at  all  takes  place.  These 
facts  prove  that  tho  sacrwtory  activity  is  not  simply  the  result 
of  vascular  chants,  but  umy  bu  called  forth  independently;  they 
further  lead  ut  to  suppose  that  the  chordn  contains  two  sets  of 
fibres.  i.ne  which  we  nuu-c-ill  s^jretorj-  tibres.acting  directly  on  the 
«cri;tiiig  structure-*  only,  and  the  other  vaso-ililaior  fibres,  acting 
on  the  blood  vosHt^ls  onlv.  and  further  that  atropin.  while  it  has  no 
effect  on  the  latter,  paralyses  the  former  just  at  it  [Ktialyscs  the  in- 
hibitory fibres  of  the  vagus.  Hence  when  the  chonla  is  atimulalcd, 
there  pass  down  the  nerve,  in  addition  to  impulses  affecting  the 
blood-aupply,  impulses  affecting  directly  the  secreting  cells,  and 
calliug  them  into  action,  just  as  similar  impubes  call  into  action 
the  contractility  of  the  substance  of  a  muscular  fibre.  Indeed 
the  two  things,  secreting  activity  and  cofitmcting  activity,  are 
rery  poralleL 

Since  the  chorda  acta  thiui  directly  on  the  secreting  cells,  we 
should  expect  to  find  an  anatomical  connection  between  the  culls 
and  the  ner^'e ;  hut  concerning  this  our  knowledge  is  as  yet  im- 
perfect. 

§190.  When  the  cen'ical  srmpnthetJc  is  stimulated,  the 
vascular  effects,  aa  wc  have  nln>ady  said,  §  146.  are  the  exact 
contrary  of  those  seen  when  the  ctionia  is  stimulated.  The  small 
arteries  are  constricted,  and  a  small  quantity  of  dark  venous  blood 
Mcapee  by  the  veins.     Sometinif-s.  indeed,  the  flow  through  tlia 
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glanil  JR  almofit  arrested.  The  sympathetic  therefore  actA  an  a 
vaso-conatrictor  nerve,  and  in  this  seDse  is  aiitiigotiistic  to  the 
chorda. 

As  concerns  the  flow  of  saliva  brought  about  by  stimulation  of ' 
the  syiu pathetic,  in  ihv  case  of  the  submaxillary  fjkud  of  the  dog 
the  <rffw:t«  are  very  pecuhar.  A  slight  ilow  renults,  and  thi.'  ^alira 
so  secreted  is  remarkably  viscid,  of  higher  specific  gravity,  and 
richer  in  coqiu»cles  and  in  the  ahove-menlioneil  aniorjihniis  hiiiips 
tlmn  la  tlie  chorda  sahva.  This  action  of  the  i^ympalbetic  is  htlle 
or  not  at  all  affected  by  atropin. 

In  the  aubmaxillart'  gland  of  the  dog  then  the  contrast  between 
the  effects  of  chorda  Btiuiulation  and  those  of  sympathetic  stimu- 
lation are  very  marked :  the  former  gives  rise  to  vRHCular  dilation 
with  n  copious  flow  of  fairly  liiiipiii  s4iliva  jMjur  iu  solids,  the  latter 
to  vascular  coiL-strictiou  with  a  scanty  ilow  of  viscid  saliva  richer 
in  solids.  An«t  in  oliieroniMidls  a  similar  contrast  pievails.  ihoujjh 
witli  minor  tliiTtirfnev.'<.  We  shall  return  again  prt'-iently  to  these 
different  actions  of  the  two  nerves;  meanwhile  we  have  seen 
enough  of  the  history  of  the  submaxillary  gland  to  learn  that 
secretion  in  this  instance  is  a  reflex  action,  the  efferent  impulses 
of  which  directly  affect  the  secreting  cells,  and  that  the  vas- 
cular phenomena  may  usaisi,  but  are  not  the  direct  cause  of,  tha 
flow. 

§  191.  Wo  have  dwelt  long  ou  this  gland  beaiusc  it  has 
been  more  fruitfully  studied  than  any  oilier  Rut  the  nen-ous 
mechanisms  of  the  other  snlivnry  gUn<U  are  in  their  main  features 
similar.  Thns  the  secretion  of  the  parotid  gland,  like  that  of  the 
snbnmxillnry,  is  governed  by  two  sets  of  fibres:  one  of  cerebro* 
spinal  origin,  running  along  the  auriculotemporal  branch  of 
the  fifth  nerve  but  originating  possibly  in  the  glossopharyngeal, 
and  the  other  of  sympathetic  origin  coming  from  the  cervical 
sympathetic.  Stimulation  of  the  cerebrospinal  liba's  produces  a 
copious  flow  of  limpid  saliva,  free  from  mucus ;  stimulation  of  the 
cervical  sympathetic  gives  rise  in  the  rabbit  to  a  secretion  also  free 
from  mucus  but  rich  in  proteids  and  of  greater  niuylolyiic  |KWcr 
than  the  cerebro-spinal  secretion  ;  in  the  itog  little  or  no  secretion 
is  produced,  though,  as  we  shall  sec  later  on.  certain  changes  are 
brought  about  in  the  gland  ilaelf.  In  both  animals  the  cerebro* 
spinal  ^tire.')  are  vascKliUtor,  and  the  eympatlietic  libres  ^'aso- 
constrictor  in  action. 

§  193.  Tke  secretion  of  gastric  juiee.  Though  a  certain  amount 
of  gastric  juice  may  sometimes  be  found  in  the  stomachs  of  fasting 
animals,  it  may  be  stated  geuernlly  that  the  stomach,  hke  the 
salivary  glands,  remains  inaclivo,  yielding  no  siiretion,  so  long  as 
it  is  not  slimulnled  by  food  or  otherwise.  The  advent  of  food  into 
the  stomach  however  at  once  causes  a  copious  flow  of  gastric  juice ; 
and  the  (jnantity  secreted  in  the  twenty-four  liours  is  probably  very 
considerable,  but  w«  have  no  trustworthy  dal«  for  calculating  the 
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exact  nmouiit.  Sn  aiKo  when  the  gsittric  miiooun  membrane  is 
stimulaUid  me^hanicallj',  an  with  a  feather,  sccretioa  is  excited; 
but  lo  ft  very  small  amount  even  when  the  whole  interior  surface 
of  the  stomach  is  thus  repeatedly  atitnulated.  The  most  efficient 
stiiniiliis  is  the  natural  atimulus,  viz.  food;  though  dilute  alkalis 
seem  to  have  uousuiiUy  jionurful  stiuiulatuig  effucta;  Urns  tb« 
swallowin;'  uf  saliva  at  ouoe  provokes  a  flow  of  gastric  juice 
I>urit]a  fasting  the  gostnc  luetnhrane  is  of  n  jnile  grey  colour, 
somewhat  dry,  covered  with  a  thiti  layer  of  mucus,  and  thrown 
into  folds;  during  digestion  it  liecomes  red,  Hushed,  and  tumid, 
the  folds  dti^nppear,  and  minute  drops  of  tluid  appearing  at  the 
mouths  of  the  glands,  speedily  run  together  into  small  streams. 
Wlien  the  secretion  is  very  active,  the  blood  flows  from  the 
capillaries  into  tlie  veins  in  a  rapid  stream  without  losing  its 
bright  arterial  hue.  The  secnjtion  of  gastric  juice  is  in  fact 
accompanied  by  vascular  dilatiou  in  the  same  way  as  is  thu  »;cre- 
tion  of  Mlivs. 

{!  193.  Seeing  that,  unlike  the  case  of  the  salivary  secretion. 
food  ia  brought  into  the  immediate  nciglibourho<jd  of  the  secreting 
calls,  it  is  exceedingly  probable  that  a  great  d'-al  of  the  secretion 
is  the  result  of  »miie  direct  local  aciiim ;  and  this  view  is  sup- 
ported by  the  fact  that  when  a  mechanical  i^t.imuhis  is  applied 
to  one  sjwt  of  the  gastric  membrane  the  secretion  is  limited 
to  the  neighbourhood  of  that  spot  and  is  not  excited  in  distant 
parts. 

The  stomach  is  sup|>licd  with  nerve-fibres  from  the  two  vagi 
nerves  and  from  the  solar  plexus  of  the  splanchnic  system.  Oar 
knowledge  however  of  the  action  of  the  nervous  system  upon  the 
stomach  uy  means  of  these  two  sets  of  fibres  la  very  imperfect. 
There  are  many  focts  which  shew  that  the  oentnl  nervous 
system  may  affect  the  secretion  of  ga.<«tric  yt'ux.  On  the  other 
hand  a  secretion  of  quite  normal  gastric  juice  will  go  on  after 
both  vagi,  or  the  nerves  from  the  solar  plexus  going  to  the 
stomach  ha\-e  licen  divided,  imd  indeeil  when  all  the  ner\-ous 
connoctions  of  tit"  »tomach  are  ho  far  as  possible  seven>d. 

§194.  The  contrnat  presented  between  the  scanty  secretion 
rosiuting  fnim  mechanical  stimulation  .ind  th<?  copious  flow  which 
actual  food  induces  is  interesting  Iwcausc  it  seems  to  shew  that 
the  secretory  activity  of  the  cell*  is  heightened  by  the  alnorpttoD 
of  certain  products  derived  from  the  portions  of  foixl  first  dige.sted. 
Tltia  is  well  illustrated  by  the  following  exj-rtriment  of  Heidenhain. 
This  observer,  adopting  the  mefhnd  empl'ivt-d  for  the  intestine, 
of  which  we  shall  speak  later  on.  succeeded  in  isolating  a  portion 
of  the  fundus  from  the  rest  of  the  stomach ;  that  is  to  say.  he  cut 
out  a  portion  of  the  fundus,  sewed  together  the  cut  edges  of  the 
maiu  stomach,  so  as  to  form  ft  smaller  but  otherwise  complete  organ, 
while  by  sutures  be  converted  the  excised  piece  of  fundus  into  a 
small  independent  stomach  oj^ening  on  to  the  exterior  by  u  flstnlous 
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orifice.  When  food  was  iiitrodnced  into  tlie  main  otomacli  secretion 
alAo  took  I'tace  iu  tlie  ifolal^d  fundus.  This  at  tirst  si^^lit  mi^lit 
seem  tiie  result  of  a  iiervouB  reflex  act, ;  Iml  it  was  oljsorvud  tliut 
the  seuoiidnry  secretion  in  the  fundus  was  de[ieiideiil  on  uctuiil 
digention  taking  place  in  the  main  stoiuacli.  If  the  uintvriftl 
introduced  into  thu  tnaiu  stomach  were  indigestiljle  or  ih'^itsled 
with  difficulty,  so  that  little  or  no  products  of  digestion  were 
formed  and  nhtiorhed  into  the  hlood.  such  ex.  gr.  as  pieces  of 
lij^ameutuui  nucliie,  vi^ry  lillk'  st'cretiou  took  place  in  the  isolated 
fundus.  Wi-  ijiiote  till*  iiow  as  binrini;  on  the  question  of  a 
p(K<.'<iIjK-  nervous  mechanism  of  j^tric  sccri^tiuu,  but  we  shall  have 
to  return  to  it  under  aiiotlicr  aspect. 


77ie  cluinges  in  a  gland  conslituttnj  Oit  act  of  aeerttion. 

§  195.  We  have  now  to  cou^itler  wlmt  are  the  chanf^s  in  the 
{•laudutar  cell^  and  tlibir  surrounding^  which  cause  this  How  of 
fluid  possessing  specific  characti^rs  into  the  Iniueu  (if  an  alveolus, 
and  so  into  a  duct.  It  will  he  convenient  to  begin  with  the 
paiicreoit. 

The  thin  extended  pancreas  of  a  rabbit  may,  by  means  of 
special  precautions,  be  spread  out  on  the  stiigo  of  a  microscope 
and  examined  with  even  hijjh  powers,  while  the  animal  is  not  only 
alive  hut  under  such  conditions  that  thi-  gland  rfmains  in  a  nearly 
normal  state.  ca]>able  of  Hocruling  vignrou^ly.  It  is  possible  under 
these  circumstiinc(!S  to  observe  even  minntcly  the  appuarimces 
presented  by  the  glund  when  at  re.-<I  and  loaded,  and  to  watch 
the  changes  which  take  place  during  secieiiim. 

When  the  animal  has  not  l)een  digesting  for  some  little  lim©, 
the  outlines  of  the  individual  cells  lining  the  nlveolus  are  very  in- 
distinct, the  lumen  is  invisihle  or  very  inconspicuous,  and  each 
cell  is  crowded  with  small,  refractive  sphirical  granules,  forming 
an  irregular  granular  mass  which  hides  the  uutleus  and  leaves 
only  a  very  narrow  clear  outer  zone  next  tu  the  basement  mem- 
brane, or  it  may  he  hardly  any  such  /tme  nt  all.  Fig  77  A.  The 
gland  ia  said  to  he '  loaded '  nr  at  test. 

The  bhwHl-supply  moreovtrr  is  scanty,  the  small  arteries  being 
constricted  and  the  capillaries  inifterfectly  tilled  with  corpuscles. 

If,  however,  the  same  pancreas  be  examined  while  it  is  in  a 
state  of  activity,  either  from  the  presence  of  food  in  the  stomach, 
or  from  the  injection  of  some  stimulating  drug,  such  as  pilocarpin, 
a  very  ditfereot  atate  of  things  is  scon.  The  individual  cells 
(Fig.  77  B)  have  become  smaller  and  much  more  distinct  in 
outline. and  the  contour  of  the  ahvuUis  which  previously  was  even 
\s  now  wavy,  the  basement  membrane  being  indented  at  the 
JDDCtions  of  the  cells ;  also  the  lumen  of  the  alveolus  is  now  wider 
and  more  conspicuous,     In  ench  cell  the  granules  have  become 
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mach  fewer  in  oumbur  and  as  it  wore  have  retrvAUd  Co  tbc  inner 
margin,  so  that  tho  inner  gninular  zone  is  luticli  narrower  and  the 
onter  trau8[iareiit  /.one  much  broader  thnu  heroie;  the  latter  too 
is  frwiucntly  marked  at  its  inner  jMirt  by  delicate  stride  running 
idUp  tiie  inner  zone.     At  the  same  time  the  blood  vessels  are 
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Fm.TT.  APtwnoxor  THB  pAifCKkASOTTHB  RiDBiT.  |Kuhn«aiidSlieciiUi)I>«s)' 
A  M  nut.  It  iu  n  utmte  ul  nclirilj-, 

a  lli«  InnM  pknnlkr  xoiip,  whii-h  In  A  I*  Inntnr.  niiil  mom  cIomIj  ttailded  with 
diu!  KTMinliM,  tMn  In  D.  in  ivlildi  ihn  |[nuiiil»  nro  tfun  and  casr*et, 

b  the  OdlM  tnuupuvQt  tone,  uniall  in  A,  lar^jfir  la  IS.  luiil  la  thn  IkIIct  inaikvil 
vith  taiia  HriK. 

e  lb*  iDraen,  tfitj  obvioai  iu  U.  bat  liidlMlni'i  in  ^1. 

rf  HI  indtoiutioii  IU  the  jaaction  ol  two  mlk,  tno  io  1),  liat  not  or-carring  )u  A, 

brsely  dilated  and  the  stream  of  blood  through  the  capillaries  ia 
fall  and  rapid. 

With  can)  the  chaii'^c  from  the  nne  state  of  tUioga  to  the  other 
may  b«  watched  nndttr  ihu  microscope.  The  vascular  chan}i;es  can 
of  cotir»u  be  vai^ily  appre';iAttt;l,  but  the  gmnnlea  may  also  be  seen 
to  diniinisb  iu  number.  Those  at  the  inner  margin  seem  to  be 
disohar^d  into  the  litmen,  and  those  ncan^r  the  outer  margin 
to  travel  inward-t  through  the  cel1-9td>*tance  tJ^wards  the  luui<-n, 
the  faint  stride  apoketi  of  nbove,  apparently  at  all  events,  being  the 
marks  of  their  paths.  Obviously  during  secretion,  the  granulea 
with  wluch  the  c^Il-subetance  was  ■  loaded '  are  '  discharged '  from 
tho  coll  into  the  lumen  of  the  alvooliis.  What  changes  these 
granules  may  undergo  during  the  dischnr^  we  shall  consider 
pT««encly. 

Sections  of  th-;  propareil  and  hardcnt-il  p:incr«as  of  any  auiuin] 
t«ll  nearly  the  s^^me  tale  as  that  thus  told  by  the  linng  pancreas 
of  the  rabbit  In  section*  for  instance  of  the  pancreas  of  a  dog 
which  has  not  been  feii,  and  therefore  has  not  been  digcting,  for 
some  hours  (24  or  30),  the  colU  are  sean  to  be  crowded  with 
granules  (which  howewr  arensnallyshnmkenand  irregular  owing 
to  lliL*  inlluence  of  the  hardening  agent),  leaving  a  very  narrow 
oat«r  ajn&  In  similar  sections  of  the  pancreas  of  a  dog  which 
hu  been  recently  fed,  fix  hours  before  for  example,  and  in  which 
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tberofore  t)ie  ultmA  has  Iwen  tor  soiuti  titue  actively  secretmg,  the 
granules  nrtt  far  le$.t  numerouH,  mid  the  clear  outer  zone  acconl- 
mgly  much  hroader  atid  more  conspicuous.  With  osmic  acid  these 
granules  Htaia  well,  and  arc  preserved  in  their  spherical  form,  so 
that  Liie  eel)  thus  stained  maintains  much  of  thu  appearance  of  a 
living  cell.  But  with  cnrmiiio.  ha-matoxyliu  Sec  the  granules  do 
not  stain  n«urly  su  readily  iw  doos  the  cvU^ubstanco  of  the  cells, 
BO  ihui  a  discliargcd  c«ll  stains  more  deeply  than  does  a  loaded  cell 
because  the  .'«iainiii^  of  the  '  pratupla-smic '  cell -substance  is  not  so 
much  obscnreil  by  tlie  unstained  granule-s ;  liesides  which  h<>wc'ver 
the  actual  cell-au balance  stains  probably  somewhat  more  <le<^>ply 
in  the  discharged  celL  It  may  be  added  that  in  the  discharged 
cell  the  nucleus  is  conspicuous  and  well  formed ;  in  the  loaded  cell 
it  is  generally  in  prepared  sections,  more  or  less  irrei^nilar,  possibly 
because  in  UiL'se  it  is  less  dense  and  more  watt-ry  than  in  the  dis- 
charged Cell,  and  so  shrinks  uuder  the  influence  of  the  reagenta 
employeiL 

These  several  observations  suggest  the  conclusion  that  in  a 
gland  at  rest  the  cell  is  occupied  in  forming  by  means  of  the 
metabolism  of  its  celUstibstani'e  ami  lodging  in  jlst-lf  (§  :)0) 
certain  granules  of  pecuhar  substance  intended  to  be  a  part  and 
probably  an  important  part  of  the  secretion.  This  goes  on  uniil 
the  cell  is  more  or  less  completely  '  loaded.'  In  such  a  cell  the 
amount  of  actual  living  cell-substunce  is  relatively  small,  its  place 
is  largely  occupied  by  gianulcs.  and  it  iUelt  has  been  partly 
consumed  in  forming  the  granules.  During  the  act  of  secretion 
the  granules  are  discharged  to  form  part  of  the  ifccrelion,  other 
matters  including  watiT,  as  wr  slmll  si  e,  mjiking  up  the  whole 
secretion;  and  the  cill  wi.uld  be  propurl ionat^ly  reduced  in  size 
were  it  not  that  the  act  of  the  discharge  j'eems  to  stimulate  the  cell- 
substance  to  a  new  activity  of  growth,  so  that  new  cell-substance 
is  formed;  this  however  is  in  turn  soon  in  part  consumed  in 
order  to  form  new  granules.  And  what  is  thus  seen  with  con- 
siderable di.itinctne!4s  and  ease  in  the  pancreas,  is  seen  with  more 
or  loss  distinctness  in  other  glands. 

§  196.  When  we  study  an  ■  albuminous,'  or  *  serous '  salivary 
gland,  the  parotid  glnml  for  instance,  in  a  lining  stale,  we  find 
tJiat  the  changes  which  take  place  ditiing  activity  aie  quite 
comparable  to  those  of  the  pancreas.  During  rest  (Kig.  78  A), 
the  cells  are  large,  their  ontline*  very  indistinct,  in  fact  almost 
invisible,  and  the  cell-subatanoe  is  studded  with  granules.  Dur- 
ing activity  (Kig.  78  B),  the  cells  become  smaller,  their  outlines 
more  distinct,  and  the  granules  disapjiear.  especially  from  the 
outur  portions  of  each  cell.  After  prolonged  activity,  as  in 
Fig,  78  C,  the  cells  arc  still  smaller  with  their  outlines  still  more 
distinct,  and  the  granuK^s  have  disnp]>i.-arcd  almost  entirely,  a  few 
only  being  left  nl  the  extreme  inner  margin  of  each  cell,  nbntting 
upon  the  conspicuous,  almost  gaping  lumen  of  the  alveolus.    And 
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upon  special  examination  it  is  found  ibni  tlic  nuclei  are  la^e  and 
round.  In  fact  we  might  almcwt  tak«  iIik  pnrotid.AS  tliusBtudJod, 
to  be  more  truly  typli:fil  of  sccrutnry  clrnugi^  lliftu  even  the  pan- 
creaa.  For,  the  demarcutiou  uf  ati  inner  and  (>ut«r  xoiie  is  not 
a  necessary  feature  of  a  st.'creliug  cell  at  rest.    What  is  essential 


Pia.  78.    Cn*anM  n  ma  PtnoriD  ddkiho  SscMriOH.    (Lftngls;.) 

Tb*  flgnn.  yrhkh  it  •oinpwhiil  ilingrammiiiii.',  n>|)n>««iiw  tlin  mEcrciwopk  cluwjce* 
wUch  IMjr  be  ubaotTiMl  iu  Oiv  I'lVn^  gliui'l.  A.  Uiititig  r«M.  Thn  ubicura  oUtlinM 
«f  Um  cniw  an  ialrvdiu'wl  Iu  itluw  ib«  ralatirn  •■Un  of  Uie  c«lli,  (hoy  coald  not  be 
railUjr  MCD  in  tb«  (pecimon  itwit.  B.  .Vfti'r  iiioilemt*  atimaliUion.  C.  AiMc 
pnibxiitcd  itimnlatiou.  TtM  nuclei  trv  di8gr»niiii>tic,  4ml  iaUodoead  to  abaw  tbdr 
•fiptanac«  aiul  potilion. 


is  that  the  cell>substance  manufactures  material,  which  for  a 
while,  that  is  during  rest,  ia  deposited  in  the  cell,  generally  in 
the  form  of  granules  hut  not  necesaarily  bo,  and  that  during 
activity  tliis  material  is  uaod  up,  the  disappearance  of  the  granules, 
when  these  are  visibk,  being  naturally  earliest  niid  m<.<st  marked 
at  the  outer  [Mrtions  of  each  LulLand  progressing  inwards  towards 
HtB  lumen,  the  whole  cvU  becoming  smaller  nnd  as  it  were 
shrunken. 

In  the  cells  of  the  parotid  (;laud  and  other  albuminous  colls 
the  granules  seen  in  the  living  or  fresh  cell  differ  from  the 
granule.^  seen  in  the  pancreatic  cell,  inasmuch  as  they  are  easily 
diH-iolved  or  broken  up  by  the  action  of  alcohol,  chromic  acid,  and 
the  other  U-iual  liardening  reagent.'*,  and  hence  in  hardened  speci- 
mens liave  (iisaj)peare<L  In  consequence,  in  sections  of  hardened 
and  prepared  nlbuminotiB  glands  tne  differences  between  resting 
or  londod  and  active  or  discharged  cells  are  not  so  conapicaoos  as 
in  tlio  paucreAS.  The  difTureDco  however  even  in  hardened  speci- 
mens between  the  jiarotid  of  the  rablnt  at  rest,  and  that  excited 
by  Stimulation  of  the  syniiMitheuc  is  w.-ll  marked.  During  rost, 
tlie  celU  (Fig.  79  A)nT^  pale,  lrans|iareiit,HlAining  with  diffnulty, 
and  the  nuclei  possess  irregular  outlines  as  if  shrunken  by  the 
reagents  employed.  After  stimulation  of  the  sym[>athetic  the 
oell-subsiance  becomes  turbid  (Fig.  79  B),  and  stains  much  more 
readily,  while  the  nuclei  are  no  longer  irregular  in  outline  but 
round  and  large,  with  conspicuous  nucleoli,  the  whole  cell  at  the 
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same  tuii;,nt  least  ufUtr  prolongud  stimulation,  becomiBg distinctly 
smaller. 

1 197.  Ill  a  mucous  Balivnry  ^jkiid  the  changes  whicli  t«k« 
place  are  of  a  like  kind,  tlidiigli  iippnrciilly  somewhat  more  com* 
plicated,  owinj^'  (>ri)iial)]y  to  tin-  jK-oulinr  chitractera  of  the  mucin 
which  is  80  cunspicuuiu  a  coustiluuuL  of  tim  sucrutiou. 


#" 


Fio.  TB.  Sbctios*  or  tiik  l*»iioT:n  ov  tim  R*nmT.  A  «t  tttt,  II  niter  ritimu- 
lutiuu  of  Uic  cervical  ■; mpathctic.  Both  (nctinu*  arc  troia  hardened  glHnd.  (After 
Hcidculuuii.) 

If  a  pit!i_e  of  resting,  loaded  submaxillary  clnnd  bu  t«ascd  out, 
wliik-  f rt'sh  and  warm  from  the  body,  in  normal  saline  solution,  tb« 
cell-subsluii'_-e  of  the  mucous  c«lla  (Fig,  80  a)  is  seen  to  bo  iirowdcd 


Fio.tN).  MccoitsCbu4  Fito>iAnti[!inSrnM«stt.LAiiTGLAKi>or  Diw.  (I^iikIct.) 

a  anil  A  bolntcd  in  1  p.c.  colt  mlntion;  «,  (rum  lumle'l  Klnnd,  b  fnnn  diw^harevd 
ICluid  llhc  norlci  itcD  Dsuoll''  more  obgcured  by  gmiulus  tliau  a  hen  rirprpwnlvil). 

(Oil  loaiAiifs  (ml  n  (mjimnnl  of  rnvih  in  'i  <o  5  p.c.  lalt  •oluLloQ,  tho  rcDi  aiunlly 
beconia  l<r<ikfiii  iiji  no  that  iwlnUxt  peiln  arc  rarely  obtnitiDif  entire ;  Motatnl  coll*  an 
common  if  ihc  kIiukI  lie  left  In  tli«  haly  for  n  day  alter  death.) 

ff*,  ff,  Ir«Mwl  with  d<Iot«iifIiI;  a'  rrom  londeil,  A'  Inim  .dlf charged  ginotl. 

with  RTftnulcB  or  spherules  wliich  may  fairly  he  compared  with 
the  granules  of  the  pancreas,  though  perhaps  less  dense  and  solid 
ttukn  these. 
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If  a  piece  of  a  inland  vhich  has  been  secretins  for  some  tiiii«, 
nnd  i»  therefore  a  disciiarged  gland,  be  examined  in  the  same  way 
(Fig.  80  6)  llie  granules  are  tar  less  Qumorotis  and  largely  confined 
to  the  part  of  the  wU  nearer  thu  luinon,  the  outer  part  of  the 
c«11  around  the  uuolcus  consisting  of  ordinary  '  protoplusniic '  cell- 
substance.  The  disiinctiun  however  between  au  inner  'jn^nular 
souu'nuict  to  the  lumen  and  an  outer '  clear  zone' next  to  the 
baaumeut  membrane  is  ieAS  distinct  than  in  the  pancrea-i,  partly 
livcauMc  the  grautil-^  do  not  disappear  in  so  regular  a  manner  as 
in  the  {lancnta-s  and  partly  because  the  outer  ^ane  of  the  nincoua 
cell,  a.i  it  fonn.i,  in  less  homngeneona  than  that  of  the  pancreatic 

The '  granulea  '  or  '  apherulcs '  of  the  mucous  cell  are  moreover 
of  a  pt'culiar  nature.  If  the  fredi  cell,  tthewiiig  granules,  (either 
many  la  in  the  case  uf  u  lixidod  or  fuw  as  in  the  case  of  a  dis- 
charged cell)  bo  irrigated  with  water  or  with  dilute  acids  or  dilute 
alkalis  the  gmuules  swell  up  (Fig.  80  a'  h')  into  a  trnnsparent 
ui«s$,  giving  the  reaotious  of  mucin,  traversed  by  a  network  of 
'  protoplajtniic '  cell-sub^tauce.  In  thia  way  is  produced  an  ap 
pearance  very  similar  to  that  shewn  in  sections  of  mucous  glands 
nardened  and  stained  in  the  ordinary  way. 

In  (he  loaded  mucous  cell  in  such  hardened  and  stained  pre- 
parations (Fig.  81  a)  there  is  seen  a  small  ([uantity  of  protoplasmic 


Fic.  81.    Alveoli  or  Doo'i  St-tiSAXiLLAKT  Olaico  iitHnurKu  is  ALCOnot 
tsp  mT4ivED  wi-TM  ctMHiKH.     (lADglBT.}    (Tht  Mtmirk  U  ilUgnunmalk.) 

«,  (torn  a  kNulnl  gbnd. 

t,  (torn  a  dbriinrimd  jtiUad ;  tha  chonU  tjnpaoi  lutving  lieon  otfmnlftMd  «t  >Iinrt 
IsHTVal*  diuing  firnlioim. 


cell-substance  gntheied  round  the  nucletts  at  the  outer  part  of  the 
cell  next  to  the  i>a«<;nmDt  membrane;  the  rest  of  the  cell  consista 
o(  ft  network  of  ci.'ll-sut>8tnncti,  the  interstices  being  tilled  with 
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traiispaient  matorial.  wliicli,  unlike  the  Dctwotk  itaelf  aud  the 
mass  oi  c«U-«tibstaiioe  rutind  the  nuclau-s  diies  not  Htoiu  vritlt 
caruinc  or  with  certaiu  otlier  dyes.  The  diBchar):;ed  cell  iti  simi- 
lar preparation*"  (Fig.  81  l>)  differs  from  tlie  Ivtaded  cell  in  the 
uiiiuuiit  of  trami]>areiit  non-staining  material  being  much  hiSs  aud 
chiefly  conlined  to  the  iuuer  part  c^  the  cell,  while  the  protoplas- 
mic cetl-aubetance  around  the  now  large  and  well-rormed  nucleus 
is  not  only,  hoth  relatively  aud  absolutely,  greater  in  amount,  but 
stains  atill  more  deeply  than  ni  the  loaded  cell. 

It  would  a]i(ieur  thi^refore  that  in  the  mucous  cell,  as  in  the 
pancreatic  c«ll,  the  cell-subst&uco  fgruis  and  deposits  iu  itavU 


^gp 


Fro.  6::.    Ciximm  Ouwd  or  Haxmal  (BrI)  Dt-aixa  Aciivitt.    {iMogfoy.) 

«,  ttie  month  of  Ihe  gkad  with  iU  cyliudriial  eeU*. 

m,  Om  ntck,  conttLlokK  canii[HciKiu«  oroiil  ckIU,  wlili  th«lr  omrM  {iriitoplaMnia 
DMwarL 

/  tha  bodjof  tlAglAnd.  Tlie  cmiulraMe  fion  in  the  r^iitrat  mU*  in  1>«liiuiRd 
U  tW  lantt  pottioDt  of  eturb  cell,  ilii'  ruuiul  ducIoiu'  tit  wliieti  in  rouapicuous. 

certain  material  in  the  form  of  granule?.     During  secretion  these 
granuW  disappear  and  pro^uinahly  fnnn  pitrt  of  the  secrctiuu. 

§  198.     The  '  oentral "  or  ■  ohief "  cells  of  the  gastric  glands 
also  exhibit  similar  changes.     In  such  an  animal  a«  the  ticwt 
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thMtt  cells  may,  Uiough  with  dilticuUy,  he  vxamined  iu  ibe  living 
sUIe.  They  are  th«ii  foucid  to  tw  KiiiJdut]  with  gnittulgt  wlic-u 
the  .stomach  is  at  resU  During  di^'e.ttioii  these  gruiiulc»  bec^imc 
touch  leas  numerous  and  are  chiedy  gathered  near  tlie  lumen, 
leaving  in  each  cell  a  clear  outer  zone.  And  in  many  manimaU 
the  itame  abundance  of  granules  in  the  loaded  cell,  the  same 
paucity  of  granul«s  for  llic  most  part  rtaitricted  to  an  inner  zone 
in  the  discharged  will,  may  hu  dumuastnitvd  by  the  use  of  osiuic 
Bcid.  FiK.  82. 

When  th(i  stomach  is  hardened  by  alcohol  these  changes,  like 
Che  similar  ohangi-ji  in  au  albumiuuus  c«ll.  are  obscur^  by  the 
shriuking  of  tliu  '  granule* '  or  by  their  swelling  up  and  becoming 
diffused  through  the  rest  of  tho  cell-substance;  so  that  though,  in 
sections  so  prepare),  very  striking  dilTerences  are  seen  between 
loaded  and  di'^charged  celU,  theae  are  unlike  thooe  seen  in  living 

?;Iands.  In  apeciroens  taken  from  an  animal  which  hiis  not  buou 
sd  for  some  time,  the  central  cells  of  the  gastric  glands  arc  pale, 
finely  granular,  and  do  not  stain  readily  with  cormiuc  nnd  other 
dyes.  Dunng  the  curly  st^;<^  of  gnstric  digestion,  the  same  cells 
are  found  ^umuwhiit  swuUun,  but  turbid  and  mure  coarsely  grntm- 
lar ;  they  slain  much  mure  ruuihly.  At  a  later  sUige  ihi^y  liecome 
stnalier  and  shrunken,  but  are  even  more  turbid  and  granular  than 
before,  and  stain  still  more  deeply.  This  is  true,  not  only  of  the 
central  cells  in  the  cardiac  glanils,  but  also  of  the  cells  of  which 
the  pyloric  glancU  are  hulTt  up.  In  the  loaded  cell  very  little 
staining  takes  place,  because  the  amount  of  living  ntaining  cell- 
sabfttaooe  is  small  relutiv-ely  to  the  amount  of  material  with  which 
it  IS  loaded  and  which  does  not  stain  iviidily.  In  the  cell  wliich 
after  gruat  activity  ha;  dlschargi^d  itself,  tho  cell  is  smaller,  but 
what  remains  is  largely  living  oull>«ubstaiicv,  some  of  it  nt^w.  and 
all  staining  readily.  It  would  ap[>uar  also  that  during  tho  activitj 
of  the  cell  some  substances,  capable  of  b-ing  prccipitAted  by  aico* 
hoi,  make  their  appearaiioe, and  the  presenco  of  this  material  odds 
to  the  turbid  and  granular  aspect  of  the  odi ;  p*\4.4ibly  also  thia 
material  contributes  to  the  <itaining.  A  .timilar  material  seems  to 
make  its  appearance  in  the  cells  at  albuminous  glands. 

In  the  ovoid  or  border  cells  no  veri-  characteristic  changes 
make  their  appearance.  During  digestion  they  become  larger, 
more  swollen  as  it  wore,  and  in  consetjuenco  bulgo  oat  the 
basement  membrane,  but  no  chanu^toHstic  disappcnnmce  of  grnn- 
nlee  con  be  observed.  In  the  living  state,  the  <-el I -^lul stance  of 
theM  ovoid  cells  appears  finely  granular,  but  in  hardt^ned  and 
prepared  section!*  has  a  coarsely  granular,  "reticulata"  look  which 
is  perhaps  less  marked  in  the  swollen  active  cells  than  in  the 
resting  cells. 

§  199.  All  theee  various  secreting  cells  then,  pancreatic  cell, 
tnacous  cell,  albuminous  cell,  and  central  gastric  cell,  exhibit  the 
same  series  of  events,  modified  to  a  certain  extent  iu  the  several 
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^^^.n  impQitant  constituBtit  of  pancreatic  juice  is,  as  we  shall 
^B  later  on,  &  Ujdy  chIIcJ   trypsin,  a  funiicnt  very  similar  to 
^pnin, acting  oa  proUsid  Ixxlius  luid  t'uivk-rlitig  thuiu  iutu  iic]>luii(! 
tUOtiusT  8ubstaiii;vs.     Tiioiigli  in   uiuiy  reiipecUt  itlik<r,  ]<u]iHin 
uti  tiTpsiii  arc  (|uit«  iliiiiiiicl  bodieH.  and  dlU'er  markedly  in  tins. 
I^  while  an  acid  medium  is  neceasarji'  for  the  action  of  pepsin, 
aaalkaline  medium  is  Qeci-ssar>-  for  the  action  of  trypaini  and 
•nordiD^Iy  the  pancretitic  juice  is  alkalini]  in  contrast  to  the  acid- 
ity of  gastric  juice.    Trypsin,  can.  liko  [H;p.iin  (§  183),  be  extracted 
*nlh  glycerine  from  substiincus  in  which  it  ucciirs ;  }{lycL>riue  ex- 
tnOt  of  Irj'peio  however  lunnl  fur  thu  miiiiifuMtiitiuu  of   their 
povcis  the  presence  of  a  weak  alkali,  nwaXi  (i»  a  1  ]i.c.  tiolutioii  uf 
liuui  carhonat*}. 

Xwir  try[>sin  is  preaent  in  abundance  in  normal  pancreatic 

i;  but  a  luail>:!>l  paucrean,  one  wliich  is  rips  for  secretiou,  and 

rV^  if  excit^t  to  secrete  would  immediately  pour  out  a  juice 

flidi  in  tiypsin.  cmt^iuA  no  trypain  or  a  mere  trace  of  it;  nay 

mo  a  pancreas  which  is  engagetl  iu  the  act  of  secretin;;  contains 

m  u  actual  c^lU  an  insjgniticaut  quantity  only  of  trypsin,  as  is 

fheim  by  the  following  experiuicnt. 

If  the  pancreas  of  an  animal,  even  of  one  in  full  digestion,  be 
iKtled,  ichiU  ftiil  unirm  front  the  hodi/,  with  glycerine,  the  \^y<i^- 
leittact,  as  juilge<l  of  l>y  it«  action  on  flbrin  in  the  |irosLiuco  of 
■bun  carbonate,  is  inert  or  nearly  ho  aa  regard.t  profid  bndius. 
^tmwBver,  the  same  pancreas  \ie  kept  for  2A  hours  lwfiir«  bcinjj 
*wied  with  glycerine,  the  glyci.-rine  extract  readily  dige^Ut  hbriu 
■blotbeT  ptoteids  in  the  presence  of  an  alknli.  If  the  pancreast, 
*)*!  still  warm,  be  rubbed  up  in  s  mortar  for  a  few  minutes 
*itk  dilute  acetic  acid,  uiul  then  treated  with  glycerine,  the 
(lyceriuc  extmct  is  itmuHly  (iroluolytic.  If  the  s'v*^''''''^  extract 
^oUinol  wiihi.ut  acid  from  the  warm  pancn^iis,  and  therefore  inert, 
.^ifiluted  largely  with  water,  and  kept  at  35''C.  lor  some  time, 
"  becomes  active.  If  treated  wiili  acidulated  instead  of  diistillud 
^t<r.  its  activity  is  much  sooner  developed.  If  the  inert  {jlyce* 
'^Oe  extract  of  wann  pancreas  be  precipitated  with  alcohol  in 
JOow.  the  precipitate,  inert  as  a  proteolytic  ferment  when  fresh, 
"•woes  Bctivo  when  ex]ii)sed  for  some  time  in  an  aqueous  aohi- 
**o,  rapidly  so  when  tretiled  with  aciduUued  water.  These  facts 
'^  tbat  «  pancn?**  taken  fre*h  from  the  body,  e\en  durinj!  full 
Q^eMion,  torUaxns  hut  little  r«iiit/-m.aflc  /rrmrnt,  thi>u<:h  there  is 
Tftaaii  in  it  a  liody  which,  by  some  kimlR  of  decoiupK^^Jtion.  gii'tg 
WA  to  lAe  ferment.  We  may  remark  imidontally  that  though 
tte  piewnce  of  on  alkali  is  esaenti-il  to  thw  [jniteolytic  action  of 
tkcutaal  fennent.  the  formation  of  the  ferment  out  of  it-s  fore- 
(SDsor  is  mvoured  by  the  presence  of  a  small  quantity  of  add ;  the 
add  must  W  used  witli  care,  since  the  trjpsin,  once  formed,  ia 
ib^lruyttd  by  acid«.  Tn  this  body,  this  mother  of  the  ferment, 
which  bw  not  at  present  l>een   satisfactorily  isolated,  but  which 
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appears  to  be  a  complex  hotly,  splitting  up  into  the  fennent.  which 
as  we  have  seen  is  at  all  events  not  ctTlainlj-  a  proicid  body,  and 
into  an  undetiiubly  proti^d  body,  the  namtj  of  zymogen  has  been 
npplitfd.  Jtitl  it  is  ^lett^r  to  reserve  the  li-riu  2ymoK<;n  as  n  gone- 
ric  name  for  nil  »iicb  lx>die«  as.  not  being  tht^mselvce  actual 
ferments,  may  by  internal  changes  give  me  to  ferments,  for 
all  'mothers  of  ferment'  in  fact;  and  to  give  to  the  (larticu- 
lar   mother  of    the  pancreatic  proteolytic  ferment,  thf^  name 

EviduncQ  of  a  similar  kind  shews  that  the  gantric  glands,  both 
the  oardiiic  and  thu  pyloric  glands,  while  they  contain  conipara- 
tivi.tly  little  aciii.'il  injpsin,  contain  a  considerable  quantity  of  a 
*vin"j^n  of  i)>}ji.«iii.  or  pcjmnogtn;  and  there  can  be  little  doubt 
but  tliat  this  pep»i»ogen  is  lodg«d  in  the  central  cells  of  the 
cardiac  glands  and  in  the  somowljat  similar  celts  -which  line  the 
whfile  of  the  pyknic  glands. 

^  301.  ?V(«  act  iif  *er.Trtiiin  itxr.lf.  Tlic  above  disousRion  pre- 
pares us  at  once  fur  the  stilement  thai  the  old  view  of  secretion 
according  to  which  the  {jland  picks  ont,  separates,  secretes  (hence 
the  name  secretion)  and  so  filters  as  it  were  from  the  common 
store  of  the  blood  tlie  several  constituents  of  the  juice,  is  unten- 
able. Accordiug  to  that  view  the  siecifie  activity  ol  any  one glund 
was  confined  to  the  tn!<kof  kiting;  certain  constitnenlsof  the  blood 
pass  from  the  cnpinanc-s  siirruiindiiig  tie  alveolus  through  the 
cells  bJ  the  channels  of  tlie  dnct-s  while  refusing  a  pawage  tu 
others.  We  now  know  that  certain  important  constituenls  of  each 
juice,  the  pepsin  of  gastric  jwioe,  the  mucin  of  saliva  and  the  like 
are  formed  in  the  cell,  and  not  obtained  ready  made  from  the 
bloo<l.  A  minute  quantity  cif  pepsin  does  exist  it  is  true  in  the 
blond,  hut  there  are  reasons  for  thinking  tliat  this  has  made  its  way 
back  into  the  blood,  either  being  absorbed  from  the  interior  of  the 
stomach  or,  as  seems  more  probable,  picked  up  directly  from  the 
gastric  glands ;  and  so  with  some  of  the  other  constituouts  of  other 
luiccs.  The  chief  or  specific  constituents  of  each  juice  ore  formed 
m  the  Cell  itself. 

But  the  juice  secreted  by  nuy  gland  consists  not  only  of  the 
specific  substances  such  as  mucin,  [n-jisin  urnlhi-i'  feiTriPut.  or  other 
brMlies,  found  in  it  aloife,  but  also  of  a  large  qnanlily  of  water,  and 
of  various  other  substances,  chietly  valines,  common  to  it,  to  other 
juices  and  to  the  blood.  And  the  question  arises.  Is  the  water, 
are  the  salts  and  other  common  substances  furnished  by  the  f sme 
act  as  that  which  supplies  the  specific  constituents  I 

Certain  facts  suggest  that  they  are  not.  For  instance,  u 
menti<Hied  some  time  ago,  in  the  submaxillnry  gland  of  the  dog, 
stimulation  of  the  chorda  t)iupani  produces  a  copious  flow  of 
saliva,  which  is  usnnlly  thin  and  limpid,  while  stimulation  of  the 
cervical  sympathetic  produces  a  srnnly  flow  of  thick  viscid  saliva. 
That  is  to  say,  stitnulation  of  the  cliorda  has  a  marked  effect  in 
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promotiug  the  disohargfi  of  watar,  while  stimutation  of  the  »ym- 
path^itic  has  a  markt^d  effect  iii  promotiug  the  ilischargi*  of  muctn. 
To  thin  we  may  add  the  case  of  ihe  parotid  of  the  dog.  In  thia 
gland  stimulation  of  a  ccrehro-spiual  nerve,  the  auriculo-teniporal, 
prodncas  a  copioos  tlow  of  Umpid  salivu.  while  stimulation  of  the 
sympathetic  producuii  iuulf  littlu  or  no  sucivtiuu  utsll;  but  when 
the  §ympathi!lic:  uiid  ci.'rebro-spiiinl  n«rvvs  arv  stimiilutud  at  the 
aaou  timu,  the  saliva  which  Hows  in  iiiuch  richur  in  solid  and 
especially  in  oi^.mic  matter  than  when  the  cerebrospinal  nerve 
it  Btimulat«d  alone.  And  we  have  already  seen  that  in  thin  gland 
the  microscopic  changes  following  upon  tiynipathetic  .stimulation 
are  more  oonapicuons  than  those  which  follow  upon  cerebio-spinal 
stininlation. 

These  and  other  facts  hav«  led  to  the  conception  that  the 
act  of  secrettuti  oiisihU  of  two  [>Hrts,  wliich  in  oau  case  may 
coincide,  in  another  umy  lake  jilacu  apart  or  in  difll-runt  propor- 
tions. On  lh«  one  hatnl,  llioru  is  the  di«charg('  of  wat^r  carrying 
with  it  common  soluble  substmii'M,  chiefly  sa1iiii;»,  dcrivetl  from 
the  blooi!;  on  the  other  hand,  a  metabolic  activity  of  the  cell- 
BiibstnnC'?  gives  ri.te  to  the  spociltc  cr'nRtituent.<i  of  the  juice.  To 
put  the  matter  broadly,  the  latter  proce.i3  produces  the  specilic 
coDstituentA,  the  former  washes  these  and  other  matters  into  the 
duct.  It  1ms  be-'ii  further  supposed  that  two  kinds  of  ner\'e  fibres 
exist :  one  governing  the  former  process  and.  in  the  case  ot  the 
Bubmaxillary  gland  for  instance,  preponderating,  though  not  to 
the  total  vxclusion  of  the  other  kind,  in  the  chorda  lytupani ;  the 
other  |i^vernlu<;  the  latter  prooe«f)  and  preponderating  in  the 
bniDclius  of  the  cervical  sympathetic.  These  liax'e  bei;n  calk-d 
respectively  '  secretory '  and  '  trophic '  fibres ;  but  tho^  lerins  are 
Dot  desirable.  It  may  be  here  remarked  that  even  the  former 
process  is  a  distinct  activity  of  the  gland,  and  not  a  mere  filtra- 
tion. For,  as  we  have  seen  in  the  case  of  the  salivary  glamls. 
when  atropin  is  given,  not  only  do  the  specific  constituents  ceoiu 
to  be  ejeoiJBd  as  a  conscnuoncc  of  stimulation  of  the  ciiorda.  but 
the  discharge  of  water,  in  spito  uf  the  blood  vessels  bt^-coming 
ditnt-'d,  is  also  arrested :  no  saliva  at  nil  leaves  the  gland.  jVnd 
what  is  true  of  the  salivary  glaiid«  as  rvgards  the  dependunoe  of 
the  flow  of  water  on  something  el.te  be*ides  the  mere  pp^ssure  of 
the  blond  in  the  blood  vessels,  appears  to  hold  good  with  other 
glands  also.  The  whole  act  of  secretion  is  a  very  complicated 
one,  probably  too  complicated  to  be  described  as  consisting  merely 
of  the  two  processes  mentioned  above. 

§  SOS.  Throughout  the  alxive  we  have  spoken  as  if  the  secre- 
tioQ  were  fomisbed  exclusively  by  the  cells  of  the  nlveoli  or  se- 
creting portion  of  the  gland,  as  if  the  epithelium  cells  lining  the 
ducts,  or  conducting  jiortion  of  tbci  gland,  contributed  nothing  to 
the  acL  In  tho  gastric  glands  thd  slender  colls  lining  the  mouths 
of  the  glands  (which  correspond  to  ducu)  and  co^-eiiog  the  rit^cs 


S53 


THE  ACT  OF  SKCBKTiON. 


[Book  II. 


betveen,  am  niucous  cells  secreting  into  the  stomach  generally  a 
small,  but  uudiir  ubuunual  condiliuus  u  lar;>i;,  amount  of  mucus, 
which  has  its  usus  but  is  not  an  i::f;^uiitiiil  ]>url  uf  the  f^nslric  juice. 
In  tJks  salivary  glands  we  can  banllv  suppnau  that  the  Iour  strotch 
of  diariicU'rislitt  cnlumnar  epilbelitiiu  which  reaches  imm  the 
alveoli  to  tin;  tutmlh  of  the  long  main  duct  server  siuijdy  to 
furnish  a  smonlh  liiiiug  to  the  cunductmg  jiassafjes;  but  we  have 
as  yet  tio  cleav  iiidicutioua  of  what  the  fuuctioii  of  tliis  epithelium 
can*  be. 

§203.  BufoTv  wu  leave  the  mcohuuism  of  secretion  there  are 
one  or  uion;  ai.'Oc»soiy  points  which  di'*n;rvu  attcnliou, 

In  treating  jus^  iidw  uf  the  yaslHc  glaiids  we  H|H)kv  as  if  jit-psiu 
Were  the  only  imiHirutut  cotistiLui?nl  of  gastric  juice,  wherena,  as  we 
have  previously  fleen.  the  acid  Li  equally  ei>aeiitial.  The  foriuatiou 
of  the  free  acid  uf  iht;  gastric  juice  is  very  obscure,  and  luauy 
iDgeuious  but  unsatisfactory  views  have  been  put  forward  to 
explain  it.  It  seeniB  natuml  tt>  suppose  that  it  arises  in  some  way 
from  the  ducuuipusitiini  <if  sodium  chl'iridc  drawn  from  the  blood; 
Bud  this  is  siipporlvil  by  tlie  fact  tliat  wheu  th<.'  si-oivtinn  of  jjastric 
juice  is  actively  yiny  "U,  the  amount  of  clilnriiles  leaving  the 
blood  by  tiie  kidney  is  proparlionately  diuiiiii.'<hed ;  but  uotliin^ 
certain  can  at  present  be  stated  as  to  the  mechanism  of  that 
decom])osition. 

In  the  froi;.  while  ])Cpsiu  free  from  acid  is  secreted  by  the 
glands  in  the  lower  portion  of  tin-  u-supbafius,  au  acid  juice  is 
atforded  by  fjliinds  in  the  sliHuach  itself,  which  havu  accordingly 
been  called  oxi/nfir-  ((>{(/««'  to  !<hur)ieu,  acidiilatej  Kl^i'ids;  hut 
tbsse  oxyntic  glaiidi*  appear  also  to  secrete  {Mipsin.  In  the 
mammal  the  isolated  pylorus  secretes  an  alkaline  juice;  in  fact, 
the  appearance  of  an  acid  juice  is  limited  to  thase  portion.<t  of  the 
Stomach  in  which  the  (;lands  contain  both  'chief '  or  '  central,'  and 
'  ovoid '  or  •  border  *  ci'lls  Now  from  what  lias  been  previously  said 
there  can  be  uo  doubt  that  tho  chief  cells  do  secrete  pepsin.  On 
tlje  other  hand  there  is  no  evidence  wliatevcr  of  tho  formation  of 
pepsin  by  tho  'border'  or  "ovoid'  cells,  though  this  was  once 
supposed  to  Ih)  the  ca.ie  and  thcsi*  cells  were  unfortunatidy 
formerly  called  '  peptic  *  cells.  Henci?  it  has  been  inferred  that  the 
border  cells  si'crete  ncid;  but  the  nrj,'iimt?m  is  at  pie.-ti-nt  one  of 
exclusion  only,  there  being  no  direct  proof  that  these  cells  actually 
manufacture  the  acid 

The  rennin  appears  to  be  formed  by  the  same  cells  which 
manufacture  the  [wpain,  that  is.  hr  the  chief  cells  of  the  fundus 
generally  and  to  some  extent  by  tJie  cells  of  the  pyloric  glands. 
We  mav  add  that  we  have  evidence  of  the  existence  of  a  zj-mogen 
of  rennin  analugous  to  the  xymo^cn  of  jicjisin  or  of  trypsin. 

§304.  .Seeini;  the  great  solvent  pnwcr  of  both  gastric  and 
pancreatic  jtii<M).  tlie  ({ueslion  is  naturally  suggested.  Why  does 
not  the  stomach  digest  itself  f    Altei  death,  the  stomach  is 
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frequently  found  ]--artia11}'  digested,  viz.  in  cases  when  death  liu.t 
taken  place  niiddenly  on  a  full  stomach.  In  aii  ordiiiary  death, 
the  nienibraiit*  ceasea  U>  eecrelu  before  tlit-  ciiciihttion  i.s  at  an  end. 
Thai  there  is  ho  siieciiil  virtui;  in  Uving  tilings  which  prevents 
their  bcin;^  digested  is  shL-wn  Ijy  (he  fact,  Chiit  the  leg  uf  &  Uviiig 
frog  or  the  eur  of  a  liviug  mbbit  iiiLroduccd  into  the  slomiich  of  a 
dog  through  B  gufitric  li^^tula  is  rviuiily  digestud.  It  hiu;  huuu 
suggested  that  the  MoiHl-current  kecjui  up  nn  alkalinity  suDieieul 
to  iietilnilixe  ihe  acidity  of  the  juice  in  ilie  region  uf  the  ghiiids 
theni^lves,  but  iliis  will  not  explain  why  th«  pancreatit'  juice, 
which  is  active  in  an  alkaline  inediuui.  does  not  dige.it  the 
proteitU  of  the  pancreas  itM.-])'.  or  why  the  digestive  cells  of  the 
bloodle«8  actiiiozooii  or  hydroauon  do  not  digest  themselves.  We 
might  add,  it  does  Dot  explain  why  thu  uma-ba,  while  dissolving 
thu  protoplasm  of  thu  swallowed  diatnm.  docs  not  dissolve  its 
own  protoplasm.  Wo  uinnut  answer  this  ipiostion  ui  all  at 
present,  imy  wotv  lliim  the  siniiliir  nni-,  why  tlie  deliciitc  proto- 
plasm of  the  nniueba  re.si.'^ts  during  life  the  entrance  into  itself 
by  otmosis  of  mor«  wat4>r  than  it  rftipiire*  to  carry  on  its  work, 
while  a  few  momenta  after  it  l.-^  dead  water  enters  freely  by 
osmcnin,  and  the  etl'eoCs  of  that  entrance  become  abundantly 
evident  by  the  formation  of  bullte  and  the  breaking  up  of  the 
protoplasm. 
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fcttbhxnotis  aniuiiils,  u  yclluwjsli  gruun,  or  a  briglit  ^;reen,  or  a 
idirty  !.'r«!n,  .TCCurdiiig  to  fiiniumst an (■<*»,  beiny  iiuioh  mnilified  by 
[r^'tiliuii  ill  tbe  •.iill-bladtler  Tlie  reaction  U  neutral  or  alkaline. 
ttoUowin;;  uiiiv  Ik-  taki-ii  as  the  avera^  composition  of  human 
riiile  taken  from  the  )^ill-iila(Uk-r,  and  therefore  containing  much 
ncie  luucus  a«  well  aa.  relatively  to  tbe  solids,  more  wator  than 
.liilefroui  the  b'^palic  duct. 

In  lODO  pwu. 

Water 859-2 

Sobd*:  — 

Bilw  Salts 91-4 

Fills,  && 9-2 

C1iol«!<t«rin 2-6 

Mucti.4  and  ]'i};ment 29*8 

InoT^aaic  Salts 7'8 

140-8 

Itie  entire  absence  of  protetds  is  a  marked  ft^atiiri;  of  bile ;  paii- 

"Wic  joioB,  as  we  shall  see,  contains  >l  ounsiderable  iiuaiiLity, 

"tn,  M  we  faavc  teva,  a  smttll  qnantity,  normal  gastric  jtiice 

pstiiMy  still  less  and  bite  nont'  at  all.     Kven  tbe  bile  which  has 

HSi  retained  some  time  in  the  gnll-bhulder,  lhoiif,'h  rich  in  niucu-t, 

<wmi»»  no  pn)teids. 

_Tbe  constituents  which  form,  apart  from  the  mucus,  the  great 

[  o(  tbe  aotids  of  bile  and  which  deserve  chief  attention,  are 

'l^ipiient)  and  tlie  bile-aalt^i    of   these  we  shall  speak  iai- 

Villi  regard  to  the  inorganic  salts  actually  present  as  Biich 

niiuiu  salt«  urfi  c<>Qs)'icuous,  sodium  chloriile  fimountin^  to  2  or 

•»  jurr  ■will..  s'Kliiitn    ph<isp]iut<;  to  nearly  as  much,  the  rest 

iKiij;  ««Ttliy  pb-iNpbati.'s  and  other  uiatlArs  in  smiill  quantity.   The 

(Kaotoe  of  iron,  to  the  extttnl  of  about  -006  p.c,,  is  intcrt^tiug. 

^■ee.fts  we  xhall  see,  there  are  irasous  for  tliinking  that  tins  pig- 

ntof  bile,  itself  free  from  iron,  is  derived  from   irou-holdiug 

globin  ;  some,  at  least,  of  the  iron  set  fnMt  during  the  con- 

of  btemoglobin  into  bile  pigment,  wiiich  probably  takes 

I  in  the  liver,  finds  its  way  into  the  bile.     Bile  also  ap]>ears 

Icoaiuin  a  small  r|uautity,  st  all  events  occasionally,  of  other 

ab,  inch  as  mnugaiiosu  and  copper ;  mettih  introduced  into  the 

ran  apt  to  bo  retained  iu  thu  liver  and  uventuallv  leave  it  bv 

sbfle. 

Tbe  unall  iiuaiiUty  of  fat  present  consista  in  part  of  the  lom- 
:  body  lecithin. 

Ibe  jeculiar  body   ch»lf*terin,  which   though   fatty   looking 
(Wace  the  name  '  bile  fat'}  is  really  an  alcohol  with  the  composi- 
j  tiaa  C,»HmO.  is  conspicuous  by  its  i|uanUty  and  constancy.     It 
l^fcnu  Ibe  f;r«ateT  part  of  most  gall-atones,  though  some  are  com- 
ohwfiy  of  pigment     Insoluble  in  wat*T  and  cold  alcohol. 
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though  solubk  Jq  liwt  alcohol  and  readily  soluble  iu  ether,  chloro- 
form &c.,  it  i:<  dissolved  by  the  bile-sull«  in  a<|iieouH  solutimi  and 
hence  U  present  in  solutian  in  bile  It-t  i>liy8iological  functions 
are  ohscure. 

The  iLsh  of  bile  consisUs  larjiely  of  soda,  detived  pujtly  from  tbe 
sodium  chloride  and  partly  from  th«  bile-siilis.  of  BiilphateH  derived 
chielly  if  nut  wholly  from  thti  latter,  uud  i>f  phosphates  jiartly 
ready  fiiruiui),  utid  in  ptirt  derived  from  thi.-  Im.ithin. 

§306.  J'i'jmeiUs  i>/  Btk.  The  natural  gulden  red  coluiir  of 
normal  human  or  caniivc)ron.s  hilt*,  \s  due  to  the  pR^sence  of  HUi- 
ruf'in.  Thi.i,  wliiidi  is  also  tin-  i;]iii-f  pigmi-iiiaiy  oimstiluent  nf 
gall-stones,  and  ricL-nrs  largely  in  the  urine  i)f  jaundice,  may  be 
obtained  in  the  form  eitlier  of  an  oranye-cohmred  amorphous  pow- 
der, or  of  well-formed  rhombiL-  tablets  and  prisms-  Insoluble  in 
w-at<;r,  and  but  little  soluble  in  ether  and  alcohol,  it  is  readily 
Midiible  in  chlorofurui,  and  in  nlkaline  Hiiiils.  Its  c'«>mposili<Hi  is 
0|flH,,N,Oi  Treated  with  oxidizing  tigtnts.  sueli  as  uilric  acid 
yellow  vviili  nitrous  acid. it  displays  a  sticcessiou  of  oulonrs  in  the 
order  of  the  sfxjetruni.  The  yellowish  golden  red  heconies  t:reeii, 
this  a  greenisli  hint-,  then  blue,  next  violet,  afterwards  a  dirty 
reil.  ana  linnlly  a  jiale  yellow  This  characteristic  reaction  of  bili- 
rubin is  the  basis  of  the  so-called  Gnielin's  teat  for  bile-pigmenta. 
Kacb  of  these  stages  represents  a  distinct  pigineutarj'  substance. 
Ah  alkaline  solution  of  bilinibin,  exposed  in  a  shallow  vessel  to 
the  action  of  the  air,  turns  yreen.  becoming  lonverted  into  ftih- 
rcnfin  (C,jlI„N  0,),  the  green  pigment  of  herbivorous  hih.-  Bili- 
verdin  is  also  found  at  times  iu  the  uriuL-  of  jnuiidiie,  and  i» 
probably  the  body  which  gives  to  bile  which  has  Iwen  exposed  to 
the  action  of  gastric  juice,  as  in  biliary  vuinit!<,  its  charactmistic 
preen  hue.  It  is  the  lirst  stage  of  the  oxidation  of  bilirubin  in 
Gnielin's  test.  Treated  with  oxidizing  a^enLs  biliverdin  ninp 
tiirnngli  the  same  series  of  colours  as  bilirubin,  with  the  ctception 
of  ilm  initial  golden  red. 

§  207.  7'liif  Hile-^taltH.  These  consist,  In  man  and  many  ani- 
mals, of  iorlium  t/li/conhu!ate  and  taurocholate,  the  proportion  of  the 
two  varying  in  different  animals.  Tn  man  both  the  tolJil  i|uanlity 
of  tiile-salts  and  the  ]jroportion  ot  tha  one  bile  salt  to  the  other 
»icein  to  vary  a  good  deal,  but  the  glyeochohilc  is  said  to  lie  always 
tliv  more  abundant.  In  ox-gall,  tiodlum  glycotbolate  is  abundant, 
and  taurocholate  scanty.  The  hiie-snlts  of  thi^  dog,  cat.  bear,  and 
other  carnivora,  consist  e.-cclnsively  of  the  latter. 

Insoluble  iu  ether  but  soluble  in  alcohol  and  iu  watvr,  the 
aqueous  solutions  having  a  decided  alkaline  reaction,  both  silIis 
may  be  obtained  by  crvatallisation  in  fine  acicuhir  needles  Thi-y 
are  exceedingly  deliquesct-nt  The  solutions  of  both  acids  have  • 
dextio-rotaUiry  actron  on  polarized  light, 

Preparation.  Bile,  mixod  with  unimnl  charcoal,  i«  erapomted  to 
dryness  and  exlnwttd  with  alcohol.     If  iinl  ciilmirb-SK.  the  alcuholic 
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filtntto  nitint  hi:  ftirthiir  ilccnlourixcil  with  nnininl  i;burcoa1,  niid  tlii< 
nlcoknl  dUtillt^i  off.  Tlicilry  ri'iiiilui?  !■  trciilr-il  wilh  iibsoliitv  alcohol, 
nnd  to  tliv  alcoliolic  Itltratc  imliy(lr<iiis  etlivr  in  iiildnl  lu  long  ns  Any 
I)rpcipitat<!  ix  fortiK'il.  On  sliindiug  tha  cloudy  (TccipitAte  bucumpx 
Iraniifnrtnrd  into  n  oryttalliiiu  i[iii»«  lit  tiic  bottj>iii  of  t)irvi>*>«l.  If  tli« 
alooh<d  lif  not  BlMoliitf,  IIr'  crj'staU  iiri;  vrry  util  U>  l>o  cliaiigf-d  into  a 
thick  xynipy  Huid.  This  mass  ui  cryniais  hiu  IntMt  nUeit  ijiokni  of  »« 
tiltH,  Both  units  nr«  thus  prccijiituti'il,  m>  that  in  nnch  n  hilr  as  thnt  of 
tha  ox  or  mitn  bilin  ■:oii:iii<la  both  of  Huilitim  glytHn-holiil.c  and  sodiuin 
tauncbohitc.  Tlio  two  mny  b<>  Hi-jiiinttfil  by  pri-r.ipitittioii  from  thoir 
■qtio<ni*  «nlutionii  with  su^r  of  k-iul.  which  Ihrowji  down  thi^  forinpr 
mudi  loore  rMdily  than  tli«  lattrr.  Thu  nciilii  muy  hr  Mi'piu-nt«il  from 
their  rospnctivc  «nllii  by  dilute  ttulphurio  uoiil,  ur  by  the  action  of  Iriul' 
M«Utu  »ni]  »iitphydric  iiciil 

On  t)oi1in;i  with  dilute  acidg  (sulphuric,  hydrwhlorif)  or  caustic 
potash,  or  barytii  watt-r,  glycocholic  add  is  split  up  into  cholalic 
(cholic)  Hcid  and  glyi'in.  Taurucholic  ncid  may  sIiDiliirly  be  split 
ap  into  cliohdic  acid  iiq(1  tiiuriti.     Thus 

CWH«NO,+  H,()=(',.H.„(t.  +  rH,.XH,(C0.OH) 
(VH^XSO:  +  H,0 =(;„Ii.„(.)i -f  C,H. .  NH, .  SO,H. 


Both  acids  coutaiu  the  nnuia  iiou-nitrogt^uous  acid,  cholalic 
aci<l ;  but  this  acid  is  in  the  first  avsa  Associ»Uid  or  L'oujuj^tud  with 
Cbc  important  nitnit^i-nonK  body  glycin,  or  amitlo-Acvlic  acidL  which 
is  a  eompoMud  formed  from  amiDonia  and  nnt^  uf  the  "  fatty  acid  " 
•erics,  viz.  anetlc;  and  iit  the  senntid  rji.-*<?  with  taurJn,  nr  nmido- 
iMtbionic  aeid,  that  is  a  compound  into  whi<'h  repre^entativftt  of 
ammonia,  of  the  ethyl  group,  and  of  Rutplinrir.  acid  enter.  The 
decompofiition  of  the  bile  acida  into  cholalic  acid  and  taurin  or 
ylycin  respectively  takes  place  naturally  in  the  intestine,  the  glycin 
and  taurin  beiuK  probably  absorlved.  ko  that  from  the  two  acids. 
after  they  huvu  Kurvi-d  thvir  purpnso  in  di-ji-stion.  the  two  ammonia 
compounds  are  rvtnriied  iuto  the  blood.  Eiich  of  the  two  acids,  or 
cholalic  acid  nloue.  when  lieatod  with  sulphuric  acid  and  cane- 
^ngar.gires  a  uiaj^illicent  purple  colour  fPetlifnkofer'K  testj  with  a 
cltaract4>ristic  xpectrura.  .\  ttimilar  colour  may  however  often  be 
produced  by  tlte  action  of  the  naine  bodie!i  on  albumin,  amyl 
alcohol,  and  flome  other  orfi;anin  bodies. 

§  208.  Aetiim  <,f  Bile  on  Food.  In  some  animals  at  least  bile 
contains  a  ferment  capable  of  converting  starch  into  sugar;  hut  ita 
action  in  this  respect  is  wholly  subordinnte. 

On  proteids  bile  has  no  direct  dlcestivi^-  action  ivhat«ver,  but 
being,  mnerally  at  least,  alkaline,  and  often  strongly  .so,  tends  to 
neatrilusc  tlie  acid  contents  of  the  stomach  as  tbey  pam  into  the 
doodennm  and  as  we  shall  mm  ko  prepare.')  the  way  for  the  action 
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of  llw  imncrofitic  jwice.  To  [veptic  nrtion  it  in  distinctly  antago- 
□iscici  till!  jiix'seiicf  iif  a  siifliciwiit  iiuuntityof  liik'  rcmUTi:  jrastric 
juice  iiieii.  tnwiirils  pri>ti-id9.  Mureovi^-r  wlif'ii  l>ik',  <ir  «  suliilioii  of 
bile-aaltR,  is  aiiiieil  to  a  tliiiil  containing  lUc  iirodiictsuf  gastric  di- 
gBStion,  a  precipitate  takes  place,  conmstin;;  of  paraJ^eptoue  (when 
preaeut),  peptone,  pepsin  and  Itile  salts.  The  precipitiil*:  is  todis- 
solvod  in  an  excess  of  bile  or  solution  of  bile-salLH ;  but  the  pi-jisiii 
thau;i;h  rcdissolvL'd  reiunins  inurt  towards  proteidn.  TIiik  pi'ecipi- 
tation  actually  docs  takv  plato  in  tlio  duodeuuiii,  and  we  shall 
spi-ak  of  it  u^iu  later  on. 

With  rvfjard  to  tlie  action  of  bilo  on  fots,  the  foUovriniK  state- 
lUuutM  may  rie  made.  Bile  has  a  slight  Kolwnt  action  on  fats,  as 
stton  in  it»  use  by  painters.  It  has  by  itself  n  ifliflhl  but  only 
sliijhl  emulsifying  power:  a  mixture  of  oil  and  bib?  sfpHiiili^'  after 
ehakiii),'  rather  less  rapidly  than  a  mixture  of  oil  anil  wnt«r. 
With  fatly  acids  bile  forms  soaps.  It  is  moreover  a  solvent  of 
solid  soaps,  and  it  would  appear  that  the  emulsion  of  fats  is 
under  certain  circumstances  al  all  events  facilitated  by  the  pres- 
ence of  soaps  in  solution.  Hence  bile  is  probably  of  much  greater 
use  as  an  emulsion  noent  when  mixi^d  with  paucrcjitic  juice  than 
wbcn  aetiu);  by  itself  alouc.  To  this  point  we  shall  return, 
Ijinlly,  tbe  pn.'isafj'e  of  fftt.s  ihrmtfjli  monibnmcs  is  assisted  by 
welting  tbe  uu-iiiliriiiies  vxilb  bib-,  or  with  a  M)liitioii  of  bilc-salt*. 
Oil  will  pass  to  a  cittain  extent  tliroMj;b  a  tiltt'r-jiajKT  kept  wet 
with  a  solution  of  bile-.sahs,  whereas  it  will  not  pans  or  j>asse9 
with  extreme  difiicnity  throuf(h  one  kept  constantly  wet  with 
distilled  water. 

Hile  possesses  some  antiseptic  qualities.  Out  of  the  body  its 
preaen'-e  hinders  various  putrefactive  processes;  and  when  it  la 
prevented  from  tlowins  into  the  ulimentary  caual,  the  contents 
of  the  intestine  under^jo  chna<!cs  difTorent  from  those  whicb  take 
place  under  normal  conditions,  and  leading  t*i  the  appearance  of 
various  product*,  especially  of  ill -smel lint;  gases. 

These  various  actions  of  bile  seem  to  be  defiendent  on  the  bile 
salts  and  not  on  the  iMsmcnlBry  or  other  constituents. 

PnnfTtatic  Jnice. 

5  209.  Natural  healthy  pancreatic  juice  obtained  by  means  of 
ft  temporarv  panoreatic  fistuln  differs  from  the  difiestive  juices  of 
which  we  have  already  spoken,  in  the  comparatively  large  ijnantity 
of  prot^'iils  which  it  oontuius.  Its  compasition  varies  according;  to 
tbe  rate  of  secretion,  tor,  with  the  more  rapid  How,  the  iucirasc  of 
total  solids  dot's  not.  keep  pace  with  that  of  the  wnl<;r,  ihough  the 
asli  remains  remarkably  constant 

Byanincialoii  through  tlwHnonntbathn  paii<-r<>alic  durt  or  (ductn) 

.!_  m..  t — a  >!ii —  j_  LI ^)bit  or  it)  the  dog,  »nii  »  caniuda 

temporary  fiittula;  but 
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tritl)  [M-rfnanciit  fistulm  tlin  Ki-CTwtion  innpt  to  brniimi.'  altered  in  iiiiturf, 
kikI  tn  laxo  miinv  (if  itx  churnctpriitio  ]>rop(irti<'ii.  Rome,  however,  have 
*t]cc«e<li'il  in  obtniniog  permanent  (iatulip  n-ithmit  iin;r  impairment  of 
th«  »ecwttii>n. 


H^ftUIiy  ptincreatic  juice  is  a  clear,  somewhat  viscid  fliii<), 
rmtliing  when  .thaken.  It  has  a  very  decided  alkaline  reaction, 
and  contains  few  or  no  siructiiral  ronstituenls. 

The  average  amount  of  sitlids  in  the  pancreatic  juice  (of  the 
dog)  obtained  from  a  temf>c>nir)'  6stula  if  aliout  $  to  10  p.c  ;  tjut 
ID  even  thoroughly  active  juice  ubtaint-d  fnuii  a  ]H-rmnnenl  tiHluIa, 
is  not  mon?  than  about  -  to  5  p.c.,  -8  licing  inorgauit^  iiiaHer; 
■nd  this  is  jinjlmbly  the  normal  emonut-  The  imporiant  con- 
stitueiitH  of  <juin;  (rch  juice  are  nUiumin,  a  peculiar  fonn  of 
proteid  allied  to  myofiin,  giving  me  to  a  aort  of  dotting,  a  small 
amount  of  fats  and  ooapfl,  and  a  comparatively  large  quantity  of 
sodium  carbonate,  to  which  the  alkaline  reaction  of  tne  juicu  is 
due,  and  which  i^eema  to  be  peculiarly  associated  with  th<!  prutiadi". 

Since,  as  wo  shall  presently  see.  pancreatic  juice  conttiius  a 
ferment  aclin»  fucr>^t]catly  '>n  protcid  matters  in  an  alknline 
medium,  it  mpidly  digests  iu  own  proteid  constituents,  and.  when 
kept,  speedily  changes  in  character.  The  myosiii-likc  Hot  i» 
dissolved,  and  the  juroe  sood  contninK  a  peculiar  form  of  alkali- 
alHiirain  (pn^cipit^ible  by  saturation  with  magnesium  .sulphate)  ax 
well  as  small  ijuantities  of  teucin.  tyrosin  ami  peptone,  which  seem 
to  be  the  pn)ducla  of  self-digestion  and  are  entirely  absent  from 
the  perfectly  fresh  juice. 

§210.  Aelion  on  Foodstuffs.  On  starch,  pancreatic  juice 
a'!ta  witli  great  energy,  rapidly  converting  it  into  sugar  (chietly 
maltose).  All  thnt  has  been  said  in  this  respect  concemiug 
saliva  might  be  repeal-cd  in  the  case  of  fwncroatic  juice,  exct'pt 
that  the  activity  of  the  latter  i.s  far  greater  than  that  of  the 
firmer.  Pancreatic  juice  and  the  aqueous  infusion  of  the  gland 
are  always  capable  of  converting  .starch  into  sugar,  whellier  the 
aniiDal  from  which  they  were  taken  be  starring  or  well  fed.  From 
the  juice,  or.  by  the  glycerine  method,  from  the  gland  itself,  an 
amylolytic  ferment  may  be  approximately  isolated. 

On  fTotfirU  pancn-atic  juice  also  exercises  a  solvent  nction.  so 
far  similar  U>  that  of  g^i.siric  juici^  that  by  it  proteidsnrecon^-ertcxl 
into  peptone.  If  a  few  *hreds  of  fibrin  are  thrown  into  n  small 
quantity  of  pancreatic  jui©^,  they  speedily  di-appeat.  especially  al 
a  teinperatnre  of  nrfi  C.,  and  the  mixture  li  found  to  contain 
peptone.  The  activity  of  the  juice  in  thus  converting  proteids 
mto  peptone  is  favoure<l  by  increase  of  temperature  up  tn  ■10'*  or 
thereabouts,  and  hinderwl  by  low  temperatures ;  it  is  permanently 
destroyed  by  Kuling.  The  digestive  power*  of  the  juice  in  fact 
depend,  like  ihoM  of  gastric  juice,  on  the  presence  of  a  fennenl 
which,  as  we   have   already  said,  may  Ik-  imiatcd  much  in  the 
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sutuewayos  pepsin  is  isolated.and  to  which  the  name  trjfpnn  ba« 
been  giveti. 

The  appcnrniia;  uf  iibrin  undei^uitif-  puncrvfttic  difjestion  i« 
however  diflei'eiit  fniiii  that  undergoing  jifcplic  digvsliuii.  In  tho 
former  case  the  Iibrin  ihx^^  not  *viii\\  iiji,  hut  remains  as  opaque  as 
before,  and  am)ears  to  siitter  rori'iHinii  rather  than  solution.  But 
there  is  a  still  more  iraportaiit  diHiintlion  l>etweeii  pancreatic  and 
peptic  diKestioii  of  prot«ids.  Peptic  digestion  is  e^isentially  an 
ncid  digi^xtioD ;  we  have  seen  that  the  action  only  taken  place  in 
the  pn^cnou  <if  an  acid,  and  is  !irrest«d  by  neutralisation.  Pan- 
eriiatic  dif^tiun,  on  llic  other  hand,  may  be  rc<,'arded  as  an  alka- 
line di^c^lioii ;  the  action  is  niust  energetic  when  sonii;  alkali  is 
1>resenti  and  the  activity  of  an  alkaline  jnicc  is  hindered  or  do* 
ayed  by  neiitrali-satioii  and  luivsled  by  acidification  at  least  with 
mineral  aciiin.  The  glyci-nne  extract  of  pancreas  is  under  all 
circumstances  as  inert  in  the  presence  of  fiee  mineral  acid  as  tliat 
vS  the  stomach  in  the  presence  of  alkah^.  If  the  digestive  mix- 
ture be  supplied  with  sodium  carbonate  to  the  extent  of  1  p.c., 
diguxtion  i)rocccds  rapidly,  just  as  does  a  peptic  mixture  when 
acidulat<'d  with  hydtochlorie  acid  to  the  extent  of  "2  p.c.  Sodium 
carlioniik-  of  1  ]).c.  seems  in  fact  to  piny  in  tryptic  digestion  a 
part  allojietlier  coinpiinibk-  Ut  that  ot  hydrochloric  acid  of  -2  p.c  in 
gastric  digestion.  Ami  just  as  pep>iin  is  rapidly  destroyed  by 
being  iieaU-d  to  about  40"  with  a  I  p.c.  solution  of  sodinm  carbo- 
nate, .10  trypsin  is  rapidly  de.*troyed  by  being  similarly  heated 
with  dilute  hydrochloric  acid  of  2  p.c.  Alkaline  bile,  nhich. 
arrests  jwptic  digestion,  neems,  if  anytliing,  favonralde  to  tryptic  i 
d^stion. 

I'ancreatic  digestion  and  }»iatric  digestion  agree  in  that  by 
both  pniteids  are  converted  into  jx-plones.  Katnrallyin  thealka-f 
line  piiiicreatic  digestion  no  bye  products  allied  to  aeid-albitmin, 
such  KM  [lampuptone,  make  their  u]>]>uarancc;  there  are  however 
various  bye  products  on  which  wc  need  not  dwell.  Albuniwes 
are  not  conspicuous  in  pancreatic  digestion,  they  are  very  rapidly 
carried  on  ro  the  further  stage  of  peptone. 

In  one  resf^ert  thcie  is  an  essential  difference  between  gastric 
and  pancreatic  digestion.  In  gastric  digestion  the  products  are 
not  carried  Iwyond  the  proteid  stage  ;  in  imncreatic  tligestion  port  of 
the  proteid  is  changed  into  something  which  is  no  longer  proteid. 

During  the  pancreatic  digestion  of  proleids,  two  remarkable 
nitrogenous  crystalline  bodies.  Uucin  awA  lijri'»in  niakeiheirapj>eflr-' 
ance.  When  fibrin  (or  other  proteid)  is  submitted  to  the  action  of 
pancreatic  juice,  the  amount  of  p<'plone  which  can  be  recovered 
from  the  mixture  falls  far  short  of  the  original  amount  of  proteids ; 
and  the  longer  the  digestive  action,  the  greater  up  to  a  certain  point 
ia  this  apparent  loss.  If  a  pancreatic  digestion  mixture  I*  fieod 
fmni  the  bye  products  by  neutralisation  and  filtration,  the  filtrate 
yields,  when  concentrated  by  evaporation,  a  crop  of  crystals  of 
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tyroiiin.  If  tli«»e  be  removed  tlie  jieptoui;  inuj  be  precipitated 
fmiD  the  o(»iC(;iitrated  liltrat«  hy  the  ndditioii  o[  a  far^  cxwsii 
of  alwthol  ant]  sepantled  liy  tiltration.  Thu  second  liltratc  iiiwii 
beii)^  concentrated  by  evajioration  yields  nbiindant  crystttlit  of 
leiiciii  and  Lrace«i  of  lyroHin.  Thus  by  the  action  tif  the  jiaticrcati*! 
jiiici!  a  considerable  amount  of  the  proteid,  which  is  huiri^  di- 
gested, is  80  broken  up  as  to  fjive  rifle  to  producta  which  are  no 
lon^r  proteid  in  nature,  l-'rom  this  brtrakiii^  up  of  the  protoid 
ihere  ariao  Juuciu,  tyroHiQ,  and  prob;ibly  severiU  other  bodies,  anch 
AS  fatty  aciiU  and  voliilile  substauces.  We  said  that  in  fpulric 
digi^lioQ  more  than  one  kind  »(  pi;pluue  was  probably  fonued, 
and  the  same  may  be  said  of  lancruaiic  digijstiou.  Wi-  may  now 
add  that  iu  both  ptstiic  ami  pancreatic  digestion  two  kind*  of 
peptone  are  probably  formed,  one  of  whicli  resists  the  action  of 
ti^p^in,  anil  unden^oes  no  further  clian;^.  hut  the  other  of  which, 
whether  arising  from  gastric  or  pancreatic  digestion  undergoes 
further  change  by  the  action  of  trrpxin  and  it  is  this  which 
is  the  sonrce  of  the  leucin  and  uthtir  bodies  of  which  we  are 
speakjnff. 

.'Vs  u  well  known,  leucin  and  tyrosin  are  the  boiljes  which 
innktt  their  appeamnw  when  [irotcid*  or  gulaliu  are  a<'U'd  on  by 
dilute  acids,  nIkalU.  »r  various  oxidising  a^ent.*.  Leucin  is  a  body, 
which  in  an  impure  state  crystalliiies  in  tiiinule  round  lumps  with 
an  obscure  radiate  striation,  but  when  pure,  forms  thin  glittj>rin|^ 
flat  crystals.  It  has  the  formula  {,',H,j\n.or  C,H„.NH,((X).()H) 
and  is  amido-caproic  add.  Xow  oaproic  acid  is  one  of  the  ••  fatty 
acid"  series,  so  that  leucin  maybe  roparded  as  a  compound  of 
ammonia  with  a  fatty  acid.  Tyrosin,  C,II„XO,.  ou  the  other 
band,  belongs  to  tho  "aromatic"  scHcs:  it  is  a  phenyl  compound, 
and  licnce  allied  to  benzoic  aoid  and  hippiiric  acid  So  that  in 
pancrcaljc  dig^tioii  tlie  large  complex  prntoid  molecule  ts  split- 
up  into  fatty  acid  and  aromatic  molecu1e.s,  some  other  biNlies 
of  lea.1  importance  making  their  appearance  at  the  same  limi*. 
We  infer  that  the  proteid  molecules  are  in  some  way  built  up 
wit  of  "fatty  acid"  and  ■aromatic"  molecules,  toj^eibor  with 
other  componeuta,  and  wc  shall  later  on  tee  additional  roaMina 
for  this  view, 

Amonn  the  suppK'montary  products  of  pancreatic  digestion 
may  bu  mentioned  the  body  in/M  <C',H,X).  to  which  appari^tnlly 
Uie  strong  and  peculiarly  fa?c«I  odour  which  .■*nmetiui.»s  makes  its 
apiMtarance  during  ixincrentic  digestion  it  due-  Imlol,  however, 
unlike  till!  leucin  and  tyroKin.  U  not  a  prorluct  of  pure  pancreatic 
digestion,  but  of  an  accompanying  decomposition  due  to  the  action 
of  organised  ferments.  A  pancreatic  digestive  mixture  soon  be- 
comes swarming  with  bacteria,  in  i^pite  of  ordinary  precautions, 
when  natural  juice  or  an  infusion  of  the  gland  is  used.  When 
isolated  fermL-nt  is  used,  and  atmospheric  g>>rms  aro  exclud<^,  or 
when  pancreatic  digestion  is  carried  on  in  the  presence  of  salicylic 
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acid,  or  cli^-mol,  which  prevent  t!ie  developmcnl  of  faacbrria  and 
like  organiflins  but  pennic  tl>e  action  of  the  trypan,  no  odour  u 
peieeiTed,  and  no  jndol  is  produced. 

On  the  gelatinifi-ruus  eWments  of  the  tissties  in  the  condition 
in  which  they  actutdly  exist  in  the  tissne  previous  to  any  treat- 
ment piincreittic  juiof  apix-ars  to  have  do  solvent  nctiou.  The 
tibrilht;  and  btindlea  i>f  fibrillii;  of  ordinan*  untoucht-d  coimoctive- 
l)i^»u«  are  not  dige^d  by  pancreatic  juice,  which  in  this  n^pect 
affords  a  striking  coiiiia.4t  to  gastric  juioe.  But  when  tlwy  havo 
been  prenouflly  treated  with  acid  or  boiled  ^  as  to  become  con- 
verted into  actual  gelatine,  trypsin  is  able  to  dissolve  them,  appar- 
ently chaoffiiij;  them  much  in  the  eame  way  aa  does  pepain. 
Tr^'psin  unlike  pepsin,  will  di£«olve  mucin.  IJke  pepain,  it  is 
inert  towards  nuclein,  homy  tissues,  and  the  so-called  aroylosd 
matter. 

On  /at»  pancreatic  juice  ha^  a  twofold  notion.  In  the  first 
place  it  emulsitiea  fats.  If  hog's  lard  be  gently  heated  uniil  it 
tnellA  and  be  then  mixed  with  pancreatic  juice  befor«  it  solidifies 
on  cooling,  a  creamy  emuUion,  )a<>iini;  for  almoctt  an  indfiinitc 
time,  ia  farmed.  So  al^o  when  olive  oil  is  shaken  up  with  pancre- 
atic juice,  the  separation  of  the  two  fluids  takes  place  very  slowly, 
and  a  drop  of  the  mixture  under  (he  microscope  ahewa  tJiat  the 
division  of  the  fat  is  vkt\  minute.  An  alkaline  aqueous  infusion 
of  the  gland  has  similar  emulsifying  powers.  In  tlte  second  plnce 
panercatUc  juice  splita  up  neulral  fais  into  their  respective  acidf^  tind 
glycerine.  Thus  palmitin  (or  tn]-a1niitin)  (C|iH„.CO.O)i.CtHi 
IS  with  the  a«sumplion  of  ."iHiO  split  up  into  three  motecutea  of 
palmiUo  acid  3(CuH„ .  CO .  OH)  and  one  of  glyceHne  (CH.KOH  >, ; 
and  so  with  the  other  neutral  fal&  If  perfectly  neutral  fat  be 
treated  with  pancreatic  juice,  especially  at  the  body-temperatnre, 
the  emulsion  which  is  formed  speedily  take*  on  an  acid  reaction, 
and  by  appropriate  miiiina  not  only  the  eorreepondmg  fatty  acids 
but  glycerine  may  l>e  ohtainetl  from  the  mixture.  Whcu  alknli 
is  present,  ihv  fatty  acids  thus  set  frtx  fonn  their  comfponJinf; 
soaps.  I^»ncreatic  juio^  ctmtains  fats,  and  ia  consenuentiy  wpt  niter 
collection  til  have  iva  alkalinity  reduced;  and  an  arjueous  infumon 
of  s  pancreatic  gland  (which  always  contains  a  considerable  ainoitnl 
of  fai)  very  speedily  becomes  acid. 

Thus  pancreatic  juice  Ls  remarkable  for  the  power  it  possef  ses 
of  acting  on  all  the  food-stuffs,  on  starch,  fats  and  proteida. 

The  action  on  starcrh.  tho  action  on  proteids.  and  the  splitting 
up  of  neutral  fats  appear  to  lie  due  to  the  prv^cnce  of  three  distinct 
ferments,  and  methixls  have  been  suj^j^cd  for  isolating  them. 
The  emulsifying  power,  on  Hw  other  Iwnd,  is  connected  with  tho 
general  comjiosition  of  the  juicv  (or  of  the  aijueous  infusion  of  the 
gland),  being  probably  in  large  measure  dependent  on  the  alkali 
and  the  alkali-alliumin  present-  The  proteolytic  ferment  tj^jisin 
as  ordinarily  prepared  seems  to  be  proteid  in  nature  and  capat.. 
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at  K>vmg  rise,  by  digostiou.  to  peptone ;  but  it  luay  bu  duubmtl,  a« 
in  the  case  of  pvpsiQ  und  uth^T  fcnnciitD,  whvthvr  tbo  pure  furnteiit 
lifts  yot  Weu  i»ulatud.  Tlicru  an;  no  mcniiK  of  diKtinguiHliiii^  lli« 
uniyliiljtic  feniiviit  "i  tUv  panciva-t  finiii  jityaliii.  Tiii^  tunn  jma- 
cre'itin  \\ns  l>eeii  varioui^ly  aji)>lit-il  to  riuitiy  ditfereiit  )ii  13  pare  I  ions 
from  the  gland,  and  its  u.se  bad  i>erha|i»  l>ett«r  lie  avoided. 

The  action  of  pancreatic  juice,  or  of  ilit?  iafuMon  ur  extract  of 
th«  uland,  on  starch,  is  seen  under  all  uircumstances,  wht-tbcr  the 
animal  be  fasting  or  not.  The  saniL'  may  probably  be  said  of  thu 
action  on  fats.  On  }>roteids  the  niiturnl  juice,  whoa  sccreteil  in  a 
normal  statu,  is  alwuya  acl.iv*^'.  TI11;  ffb'*^'''''!"^  cxtrai^t  or  aiineouH 
infuiiioiiot  iho  eland,  on  the  contrary,  at  wu  havuitlreatly  explained, 
§  200,  is  active  m  proportion  as  the  trypaiuogen  lius  b«6ii  coiiverttid 
into  trypsin. 

Sweus  Entericm. 

§  211.  When,  in  a  living  animal,  a  portion  of  lh«  small 
inteatinfl  i.t  Itgnuinsd,  so  tlial  the  SL-cretion^  coniinj;  down  from 
above  cannot  enter  it-s  canal,  while  yet  the  bluwi-supply  i» 
luaintAined  a.<t  usual,  a  ^niall  amoont  of  secretion  collect.^  in  its 
interior.  Tid.'<  i.-*  spoken  of  a^  the  buacus  entfruaa,  and  is  supposed 
to  be  fumiiihed  by  the  glaads  of  Lieberkiihn,  of  whicli  we  shall 
presently  speak. 

Succus  entericus  may  be  ublainod  by  tlw  folloreinj;  mothod,  l<iiown 
aa  that  of  Thiry  modifivil  by  Vella.  The  Hmall  inlcstinL*  in  diviitud  in 
two  placet  at  some  diataucu  (30  tu  SO  cm.)  U|nu-t.  By  fiii<>  suturiw  tin- 
lower  «nd  of  lhi>  upper  seclion  in  c;vrt'fiilly  itiiit<-d  willi  tlii-  ujipyr  i-iiil 
o(  the  lower  H«iMion,  thus  an  it  were  nmtiuK  -mt  a  wholo  pieiw  oi  the 
■mall  intestine  from  the  alimentary  tract,  lu  sucM-^fiil  i-aae^.  utiiuii 
betvracn  the  cut  saifaees  taken  place,  aud  a  Khortenud  but  oIIhii-wibp 
aatisfactoT}-  canal  is  le-eatablishrd.  Of  thn  i»>Uted  piece  the  tw> 
end*  are  separately  brought  thr.>ti|;h  incisionM  in  the  abdomiu.il  uidi 
and  their  mouths  carefully  (ivttttiioi]  iu  sunh  a  manner  that  each  mouth 
of  the  p)e«e  opens  on  Ui  Ilm  i-xt'Tior.  During  llii.'  prucesn  of  healini* 
tiro  fislulte  are  thus  eatabli.'ihtd,  mv  Irarling  tu  tlMt  bL-^inuiii);  of  and 
the  etber  to  the  end  of  a  ih»rt  i>i<^;>t  of  int4i*tini>  <iuite  isulatcd  from 
tha  rMt  of  tJie  alimeDtar>-  <iiu)iil ;  by  inea:i*  of  then-  openings  a  small 
qnantity  of  Duid  can  be  obtaincil. 

The  quantity  svcivted  i»  said  to  bo  oonsidcrmbly  increased  by  the 
administration  of  pilocarpio. 

Succus  entericus  obtained  from  the  dog  by  tlie  above  method 
is  a  clear  yellowish  fluid  lia\-ing  a  faintly  alkaline  rtnction  and 
containing  a  ovrioia  quantity  of  mucus.  It  is  said  to  couverl 
starch  into  9ugar,  and  proteids  into  peptone  (the  action  being  very 
flimitar  to  that  of  [laDcneutic  iuicuj,  to  split  up  UL-utral  fatu,  in 
emulsify  fata  and  to  curdle  milk.  It  is  also  said  to  in\-crt  cane- 
sugar  rapidly,  and  by  a  fenucntativc  action  to  convert  cane-sugar 
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inU)  lactic  acid,  and  this  ugaiu  into  butyric  acid  witli  the  evolution 
of  curbuniu  iii^id  mid  iivu  liydrogeii- 

A<»;ordiii^  to  the  above  rui<ull.s.  sticcus  ciit«riciis  is  to  be  re- 
garded as  an  important  sectvtion  ncllrig  on  nil  kinds  of  food.  But 
even  at  the  l>eat,  its  actions  an;  ^low  and  fuehle.  Moreover  iDiiny 
ohservere  have  obtained  negative  re^iiltn,  tio  that  the  vaiimiH  statu- 
lueDts  are  contlicting.  Besides,  we  have  no  exact  knowledge  as  t<i 
tJie  amount  to  which  such  a  secretion  takes  place  under  nonntil 
circuiuatancea  in  tbu  Uviu;^  body.  We  may  therefore  conclude 
that,  at  pregent  at  all  cvi^ute,  wc  have  no  satisfactory  reasons  for 
suppuHtng  that  the  actual  digestion  of  food  in  the  intestine  is,  to 
any  great  extent,  aided  by  suck  a  juice. 

Of  the  possible  action  of  other  ^lecrelions  of  the  alimontar)' 
canal,  as  of  llio  ciecuni  and  large  inlcKtiiie,  we  shall  sjit-ak  when 
we  come  to  consider  the  chan<^t>  in  llie  alimentary  canal. 

§212.  OaU»tt>nis.  Concretions,  often  of  coust<lerable  sisc. 
knowni  as  gallstones  are  not  unfrequently  formed  in  the  gall 
bbidder,  and  smaller  eoneretiors  are  sometimes  formed  in  the  bile 
passages.  In  man  two  kinds  of  gallstones  are  conimou.  One  kiml 
consists  almost  entirely  of  cholestt-rin,  sometimes  nearly  free  from 
any  admi.\ture  with  pigment,  sometimes  more  or  leas  discoloured 
with  pigm<-nt.  GallstuneH  of  this  kind  have  a  crystalline  structure, 
and  when  brokcu  or  cut  ehew  fretpiently  radiate  and  concentric 
markings.  Tiie  other  kind  consists  chielly  of  bilirubin  in  combi- 
nation with  calcium.  Galblones  of  this  kind  are  dark  c^dourcd 
and  amorphons.  l^ess  common  than  the  above  are  i>mall  dark 
coloured  stones,  iiaving  often  a  mulberry  shape,  consisting  not  of 
bilirubin  itself,  but  of  one  or  other  derivative  of  bilirubin.  (lall- 
stones  consisting  almost  entiraly  of  intirganic  salts,  calcic  carbon- 
ates and  phosphates,  are  also  owasioniilly  mot  with.  In  the  lower 
animals,  m  o.^en  for  instance,  bilirubin  gallstones  are  not  uncom- 
mon, but  cbolesterin  gallstones  are  rare. 

A  gallstone  apiiear*  always  ro  contain  a  nion*  or  less  obviou>; 
*  nuclcua,'  around  wbiob  the  nnaterial  of  the  stone  has  been  de- 
posited, and  which  maybe  regarded  as  the  origin  of  the  stone; 
the  real  cause  of  the  formation  of  the  stone  lies  however  in  certain 
changes  in  tlie  bile,  by  which  the  choleaterin,  or  bilirubin,  or  other 
constituent  ceases  to  remaiu  dissolved  in  the  bile.  Bnc  we  cannot 
discuss  this  matter  here. 


SBC.   4.     TIIK   SECRl-rnoN   OK   I'AXCKKATIC  JfICK 
AM)   Uf   KILK. 


§  213.  'i'liK  Sfi-ftion  of  Ptiner^atie  Juice.  Alllioufjli  iu  soiui- 
caseii,  a»  tliai  of  ihc  parotid  of  tli«  she«p,  th«  tlow  of  saliva  Is 
coiititiuoiis  m-  nearly  tto,  in  most  animals,  as  in  inBu,  tlic  iuter- 
luittunce  of  ihe  sf-crijtion  is  very  nearly  altsolute.  While  foni]  i--* 
in  the  mouth  saliva  Howa  freely,  but  belwet:ii  lueals  only  just 
sufficient  is  secreted  to  keep  the  mouth  muisl,  ami  pnilialily  the 
greater  [art  of  this  is  supplied  not  by  the  larger  salivary  but  by 
the  stuull  bucoil  glands.  The  tlnw  uf  piiiicieatic  juice,  on  the 
uUier  tuind,  is  luueh  luun;  priiluu<;ud,  beini;  in  the  rabbit  coutinu- 
uus,  and  in  the  d<>^  lasting  for  twenty  liour^  iifter  food.  I!ut  tbift 
contrant  Iwiw^en  tiie  aecrelion  of  saliva  and  that  of  pinicrvalic 
juioo  is  natural,  .since  the  stay  of  fiHxl  in  Ibtr  nioiilh  even  during 
a  proirautt^d  feast  is  relatively  short,  whereas  the  time  during 
which  the  material  of  a  taeal  is  able  in  some  way  or  otlicT  to  affect 
llie  {nncreas  is  very  prolongeil. 

The  flow  ihoui-ii  continuons,  or  nearly  so,  is  not  uniform.  In 
the  Oup  the  flow  of  panLToatic  juice  be;;inH  ituiDedintely  after  food 
has  been  taken,  and  rwra  to  a  uisxiuiutu  wbicli  may  be  reached 
within  the  lit«t,  or  as  in  Ihu  ci^e  furni^hiu;;  the  dio^im  '^-iven  in 
Fig,  88  the  swoud  hour,  but  wliiuli  more  eoniuionly  is  not  ivachcd 
nniil  the  third  or  fourtli  hour.  Thi^  riw  is  then  fidloned  by  a 
fall,  after  which  there  is  a  secondary  rise,  reaching  a  second  niaxi- 
luain  at  a  very  variable  time  but  ^i^neially  between  the  lifth  and 
seventh  hours.  This  second  maximuni.  however,  is  never  so  high 
us  the  lirst 

The  sef.imd  rise  may  l>e  duo  to  maleniil  altforbed  from  the 
■ntvsliues  bving  o.-trried  iu  the  circulation  to  the  pancreas  and  »■ 
■liroctly  exciting  tliu  glttnd  to  activity,  much  in  the  same  way  a>'. 
in  Uie  ca»e  o(  the  »l<iiuach,  the  ahsorptiuD  of  digcst4Nl  mnturial 
promnteii  the  flow  of  gONl  He  jiiii».  wee  §  IM ;  and  a  nimilitr  absorp- 
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tiou  may  contribute  to  the  idret  rise  also,  but  it  is  moie  probable 
that  so  marked  and  auildeu  a  lisu  as  this  is  carried  out  by  some 


IB 


W  1  ial3!«|5|fli7l8la[io!iiliz!ia|i4'i5  I6|  i  ia.Bi4l5  Biyig'Clit 


VW.   83.        DiAOSAH    II.U1ETRATIN«    TIIK    IICII.ri:SCE    OP    FOOb  <IH    TBS    SkCBSTIOII 

or  I'axckkatii'  Jimck.     (X.  ().  UBniMninj 

Tbs  KlMcisBic  rcprMirut  liomc  altvi  takiug  tuud :  tb»  vnlinniiw  repretoiit  in  o.e. 
Ill*  amouul  <■[  Hi'rclii-ii  in  It)  miu.  A  imtrkt'il  rim  in  nam  at  B  iniuiediiitoljr  afliw 
fcHMl  WM  lJLk<.Ti.  uil.li  a,  i>(^i*('ii>i ury  riiiu  Urtvi  ci'ii  tlii>  4t1i  «ji]  Slli  liuuis  nftrrwuils. 
When  tli«  liue  is  ilulioi  lliu  nhWrvaiioii  una  <i>[i>rrii|>uiil.  (hi  food  twinc  agiaiii 
f[lv«a  at  C,  uiiilher  riKi^  i>  sepri.  fiitlnivil  in  inni  !>■  :■  i!i<)irv«ioii  asd  ft  SAcuniUrv  rinv 
Bl  tho  Sth  hour.     A  vHrj-  niiiiilnr  ciirv^  niiiild  rufiritiMiiii  ibsMcmUoa  of  bile. 


uervoiii*  iiiecliaiiiniii.  The  detaiU  of  this  niechaiitaiu  have  how- 
ever not  tut  yet  been  ttal  in  facto  lily  worked  out, 

Stimulation  of  the  medullii  oliloiiKata.  or  of  the  spinal  cord, 
will  call  forth  secretion  in  a  quiescent  paucrtas,  or  increase  ii 
secretion  already  going  on.  On  the  othtir  bund  n  secretion  alraadv 
going  on  may  be  arreHtcd  by  stimnhition  of  the  ct-ntial  end  uf  the 
vs;;iis,  and  tuc  stoppage  of  thu  secrotioii  which  has  liecn  observed 
OS  occurring  during  and  after  vouiitiiiK  i»  probably  brought  about 
in  this  way.  Tliis  effect  liowever  is  not  confinfid  to  the  vagus, 
it  occtir!<  also  after  »tirauIntion  of  other  afferent  nerves,  such 
as  the  sciatic. 

§  214.  TVtr  Sf.retion  of  Bile.  The  act  of  secretion  of  hile  by 
the  liver  must  not  be  confounded  with  tho  discharge  of  bile  from 
the  bile-duct  into  the  duodenum.  When  the  acid  contents  of  the 
stomach  are  poured  over  tbo  orifice  uf  the  biliary  duL't,  a  gu^b  of 
bilo  takes  place.  Indeed,  stimulation  of  this  region  of  the  duo- 
denum with  a  dilute  acid  at  '>nce  calls  forth  a  flow,  though 
alkaline  fluids  so  applied  have  little  or  no  eirect.    When  do  such 
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acid  duid  u  l>a«siii»  into  llie  duodenum  nu  bile  is,  undt-r  uortnal 
circa(ii8Uiuce»,  diechai^txt  iiiCu  tUis  intestine.  The  di«ctuuge  is 
duo  to  *  oulraclioii  uf  tlie  liiuwulur  wnlb  of  the  ;^11-bladder 
and  ducts,  a«<!oiii(>iuiitid  liy  a  relaxHtiou  of  lliv  H])liiuctvr  uf  the 
urilioe;  both  arts  uik  inobaljiy  of  a  leHex  imturu,  hut  the  dut^iiU 
of  Che  mii^ciiani^ui  have  nui  lit-eii  worked  our. 

llie  itecn^tiou  of  bile  ou  thu  other  hand,  a.t  shewn  by  tlie 
results  of  biliary  li^ttuLt,  ih  continuous ;  it  uppL'nra  never  to  cease. 
Wheo  no  tood  is  taken  the  bile  |)as§es  from  the  liver  along  the 
li«!palic  and  then  back  hIou;;  the  cystic  duct  (the  How  being  aided 

Srobabty  by  perifttiiluc  contractions  of  thu  musculni-  tibri'S  of  liie 
net)  to  t!io  fjall-blndder.  whcro  it  is  Iciiiiiorarily  stored ;  lifUte  in 
starving  ■iiimiiU,  when  no  dtf^olmrge  is  excited  by  fixid,  tlie  gull- 
bladdtar  becomes  greatly  distended  with  bile.  But  the  ^etoxslion, 
though  continuous,  is  not  uniform.  Tlie  rate  of  secretion  varies, 
and  ia  osiwcially  inlluenoed  by  food  ;  it  i.s  tteen  to  rise  rajiidiy  afi«r 
meals,  tMching  its  maximum,  iti  dogs,  in  from  four  to  eight  hoim. 
Ther«  seems  to  \>?.  nn  inimc-diate,  sudden  rise  when  food  is  taken, 
then  a  fall,  followed  siilise<|uent!y  by  a  more  gradual  rise  up  U* 
the  maximum,  and  ending  in  n  final  fall  to  the  lowest  point. 
TTie  curve  of  secretion,  iu  tact,  resombles  that  of  the  secretion  of 
p^iucreatic  juice  in  having  a  double  rise ;  aud  as  in  that  case  so 
In  this,  it  is  very  |>robablB  tlmt  the  Erst  rise  is  in  part  the  result 
of  nervous  action,  and  it  is  also  possible  tbiit  nervous  infliienoes 
intervune  in  the  seotid  more  lasting  ri^e ;  but,  as  we  shall  see 
prvseatiy,  even  nervons  iullueiices  may  afTect  the  liver  iu  u  very 
inJiroct  mauuer,  and  out  knowMgc  as  to  any  direct  action  of  the 
nervous  system  on  the  liver  iit  at  present  very  imperfect. 

§  215.  It  must  be  Temembered.  however,  that  the  liver  is  so 
p.-culiarly  related  to  the  other  or;!aiis  of  digestion,  and  its  vasnular 
arrangements  so  sp.3ciiil  that,  with  regard  to  it,  a<)  compared  with 
many  other  organc,  an  iutrinsie  nervous  mechanism  must  occupy 
a  miire  or  Icsi  subonlinuie  position.  The  bhiod-supply  of  the 
paucretu  for  instance  is  depuudenl  ebielly  on  the  width  (or  the 
time  being  of  the  pancreittic  arteries ;  it  will  lie  alTt^-etod  of  course 
by  tlw  gencml  arterial  pres:ture  and  by  any  circunistnnC4^-s  which 
afle<;t  tie  outllovr  by  the  juincreatic  veins,  and  tlwsrefore  by  the 
c^tndition  of  the  portal  venous  system  of  whiih  thiit«e  veins  funii  a 
)KU'( ;  but  in  the  main,  the  amount  of  blood  Iwtbing  the  alveoli  of 
the  pancreas  will  depend  on  whether  the  pancreatic  arteries  are 
consiricted  or  dilate~L  The  quality  of  the  blood  reaching  the 
pancreas,  being  arterial  blood  dmwn  direct  from  the  arterial 
fouodalioo,  wiU  be  modifu^d  only  by  such  circumstances  aa  modify 
Uw  ffsoenU  mass  of  the  bloiKl. 

Very  different  U  the  case  of  the  liver.  The  supply  of  arterial 
blood  coming  din.ict  throu;;b  the  bepntic  arttrry  is  small  compared 
with  llio  m«<s  piiun'ng  tbrouf,'li  the  vena  porne;  it  moreover,  as 
we  shall  sec,  is  distributed  in  capillaries  among  the  small  inter- 
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lubuUr  brandies  of  the  veua  ]K>rbi-  aDil  Lus  Ix-couif  venous, 
indeed  mt-rged  with  the  portnl  LIuirI,  bi^furv  it  reaches  the  actual 
lobulus.  Tilts  sujiply  ol  bluud  fur  ihu  liver  ig  oiKiiily  th»t  Ihrougb 
ihu  veiia  [>(>rUv;  uud  lbi»  sii{t}ily  i»  not,  like  an  arterial  supply,  a 
fairly  uiiibirui  uuc,  modified  uliieHy  by  ibe  vasoaiolor  wt-ut*  of 
lilt;  or^iin  iwrU,  bill  U  dejiendeni  on  what  hap[ieii»  to  t>e  taking 
place  in  the  alituttntary  canal  and  in  abdominal  ui>;an.«  other  tlmu 
tlie  liver  itwif.  When  no  food  in  Iteing  digcatfd  and  tbt-  alimentary 
canal  iti  at  rest,  tlie  vessels  of  that  c-anul,  us  we  have  already  naid  in 
speakin;:  of  the  stomach,  arc  like  thusu  uf  the  pancreas  and  salivary 
clund^.ina  state  of  tonic  constriction;  u  relutividy  small  quantity  of 
blood  pEi^.vu:;  lliroui;li  thfiii ;  heuoe  the  flow  through  the  vetm  portw 
in  ndativuly  incon^idcmlile,  and  the  pn-^nre  in  that  vessel  is  low. 
When  di^t^tii>ti  is  ti'iiiig  ■'»  all  the  iiiiiiiite  arteries  ot  thi*  !-tumuch. 
tiite-'linc,  !<i>leeii  and  piincreas  are  dilated,  and  general  arterial 
pressuie  beinj^  by  ttonie  means  or  other  maiiiiainud  («ee  §  I72),| 
a  relatively  lar^e  i^uantity  of  blood  rushes  into  the  vena  jKirlw 
and  the  piessure  in  that  vesael  Iiecomes  much  increased,  thmigh 
of  course  retuaining  lower  than  the  general  arteiial  pressure. 
Moreo>-er,  during  digestion,  jH-TUtaliic  movements  of  the  muscular 
coals  of  the  uUmentary  canal  are.  as  we  have  seen,  active ;  and 
thiwc  movements,  ser\'ing  as  aids  to  the  circulation  (sec  §  103), 
help  to  increase  the  portal  How.  Further  the  spleen,  as  we 
shall  sec  in  sj)caking  of  that  orgau,  is  in  many  animals  richly 
provided  witli  ]>luin  muscular  fibres,  and  in  such  ciises  seems, 
especially  during  digestion,  to  act  as  e  mnacular  pump  driving 
the  bluod  onwartLs,  with  increased  vigour,  along  the  splenic  veins 
to  the  liver.  Ho  thai  even  were  the  Uver  not  connected  witli 
the  central  nervoiLs  svstem  by  a  single  uenous  tie,  the  tide 
of  blond  through  the  liver  would  ebb  and  flow  according  to  the 
ab.<M>nce  or  presence  of  food  in  the  alimentary  canal. 

An  increase  of  bloo<l-supply  does  not  of  course  necessarily 
mean  an  increase  of  secretorj'  attivily.      As  we  have  seen,  §  ISa,. 
in  llie  presence  of  atropine,  the  seon-lion  of  saliva  may  stand  stlilf 
in  spite  of  ihlated  blttod  ve*(-els  aud  the  coiiRei]iient  rush  of  bhiod ; 
but  wc  may  safely  aNsert  that,  other  things  being  equal,  a  fuller 
blood-supply  Ls  favoundjle  to  activity.     Apparently  a  mere  change 
in  ihe  quantity  of  bhiod  tiaihing  an  alveolus  will  not  atari  in  tb«j 
cells  the  change-s  which  constitute  the  act  of  secretion,  any  tnorsl 
than  an  increase  in  the  blood  bathing  a  muscular  fibre  will  neces- 
sarily set  going  a  contraction  ;  but  unlej«  there  be  some  counter- 
acting influence  at  work,  a  fuller  and  richer  lymph  around  a  cell 
will  naturally  lead  to  the  cell  taking  up  more  material  from  the 
lymph,  and  so  will  increase  thu  cell's  store  of  energy.     Hence, 
especially  in  the  hepatic  cell,  which  appears   to  Ix-  always  atj 
work,  always  underling  metabolism  of  such  a  kind  as  to  git 
rise  to  bile,  we  might  fairiy  expeci  the  gri-nter  flow  ihrough    the 
postal  %'ein  to  quicken  the  flow  iJirough  llie  bile  duoL 
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And  as  »  mait«r  of  fact  we  <lu  tind  vfiHo-iiiotor  antiDii  doiiii* 
nant  ovi-r  tii«  iiecnaioti.  In  the  various  experiineiiU  whioli  liav« 
bcwi  m«dc  lo  iisci^rtaiii  the  action  of  the  nervmis  syatoin  mi  the 
siM:n>tiiiii  of  \»\^,  it  Ubh  always  bet'o  found  that  atiniulati<jii  of 
the  iiiMliilIa  oblongata,  or  of  tlic  spiiml  cord,  or  of  the  abdominal 
splonchnie  nerveti,  stops  or  nt  \vnsl  checki;  th<!  tluw  of  bile.  Now 
the  efTect  of  these  stimulutious  is,  *»  wo  have  alrmdy  seen  more 
than  onoe,  a  powertul  constrictiiijj  a4'tion  on  tlie  ahdomiual  blood 
vessels;  by  such  stimulation  the  blood -supply  of  the  liver  in  ma- 
terially dimiiiishod,  and  in  oonsequtinoe  the  secretory  activity  is 
slack unt.-d  or  arrested. 

But  there  iH  something  besides  the  mere  .juantity  of  hlotMl  to 
be  considered  in  tbi.'t  relation.  The  blood  which  passes  from  tliu 
alimentary  canal  at  rest  is  ordinary  venous  blood,  ladon  simply 
with  carbonic  acid  and  the  ordinary  products  of  the  iiictabolwui 
of  tlie  miLsctilar  and  muL'ous  c-o»t«  of  the  ctuial.  Whi'ii  di^estiuu 
is  going  on  the  portal  blw>d  is  Indi-n,  as  wo  shall  .soe,  with  sumit 
at  all  events  of  the  products  uf  digostioii,  willi  Hii^ir  proluibly 
and  with  various  jirolcid  b')dii»*.  And  it  is  quite  pnit^ible  or  eveu 
probable  thiit  sunic  ')f  thv.se  bmli^H  in  the  porlal  blood  reaching 
the  bc]iatic  cells  stir  them  up  to  secretory  activity ;  indeed  thLt 
view  may  he  regarded  as  supjiorted  by  the  facts  that  proteid 
food  increases  the  quantity  of  bile  secreted,  whereas  fatty  food, 
which  as  we  shall  see  passes,  chiefly  if  not  wholly,  not  by  the 
portal  vein  but  by  the  lymphatics  and  which  is  proUibly  largely 
disposed  of  in  some  way  or  other  before  it  can  reach  the  Uwr,  has 
no  such  clfuct 

Haddo  wc  may  infer  that  at  all  events  tho  second  increase  of 
the  flow  of  bile  which  occurs  during  the  later  sti^^  of  digostiou 
may  be  t"  a  laiye  exU:ut  thfi  direct  effect  of  blood,  laden  with 
digMtive  products,  passing  from  the  stomach  and  intestines,  espe- 
cially the  latter,  to  the  liver  by  the  portal  vdn,  ipiite  independent 
of  any  direct  nervous  action  on  the  liver  itself;  and  imleod  it  is 
poesiblc  that  the  fint  rise  also  may  be  partly  due  to  the  increasetl 
flow  of  blood  from  the  st'^mach,  aided  by  the  ab«orptiofi  from  that 
organ  of  n  certain  amount  of  ^ge«t«d  material  Sinc«,  however, 
there  is  no  evidence  of  any  decrease  ia  blood-supply,  or  in  the  rate 
of  abs^>rj>tion,  corr(?«j>oiidina  to  the  fall  between  the  two  rises, 
some  influences  other  than  those  which  we  an-  diwrussing  must 
be  at  work  in  the  matl^^r. 

§  316.  It  is  interesting  to  obrarve  that  the  pre^nnre  under 
which  the  bile  ia  secreted  is  relatively  low,  not  high  like  that  of 
the  saliva ;  it  is  much  lower  than  the  arterial  prei'^ure  in  r  he  same 
animal,  wbcnos  in  the  case  of  saliva  (§1H9}  the  pressure  is  greater 
than  the  blood-pressure  in  the  carotid  artery.  But.  in  the  case 
of  bile,  since  the  blood  which  Hows  through  tho  hepatic  lobules 
in,  mainly,  venous  [>ortal  blood,  we  Itave  to  com)iaro  the  pressure 
of  tbe  secretion  not  with  aitcriftl  pressure  but  with  the  venous 
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pressure  in  the  |iorta]  system  ;  and  in  tlie  dog  it  has  been  found 
llutt  white  the  preKsure  of  the  bile  secreted  stood  at  abdut  200  mm; 
uf  a  .■Miliitioii  of  »4Miiuiu  earbooater  that  is,  about  15  mm-  mer- 
cnrr,  ihe  bIoiNl'[ire!uiire  in  a  braocb  c^  the  sup«^or  iui'«L>uteric 
vein  HtomI  only  at  abotit  90  inm.  of  ihc  stiiuu  suliition,  llmt  is, 
about  7  mm.  mereun'.  Now  ttte  vi^uoiis  pre^j^urt^  in  lliv  mesen- 
teric veins  is  higher,  thoagh  only  ttliglilly  higlier,  than  that  in  the 
portal  vein  into  which  these  pour  their  blood  (the  dinerence  of 
pressure  U-inj;  the  main  cause  why  tbe  blood  Hows  from  the  one 
into  the  oIIut).  and  is  therefore  certainly  higtter  than  the  pt««» 
sure  ill  tlie  porta]  ■.-apillories  of  the  hc|  atic  lobules  So  that  what 
ifl  true  of  the  .'talivAry  ;^]and  is  also  true,  on  a  different  scalu.  of 
the  liver,  vix.  thai  the  prwwture  eserled  by  the  wcrvtion  is  hif^lier 
than  the  fnessure  of  the  blood  in  thu  ve^ceU  fi».-din};  tlie  secreting 
cells. 

§  217.  If  the  pressure  in  the  bile  dnct  be  artificially  incTea.«ed, 
as  by  potirine  fluid  into  the  glass  tube  or  manometer  with  which 
the  cannula  in  the  duct  is  connected,  a  resorption  of  the  secreted 
bile  takes  place;  and  resorption  will  also  take  place  within  the 
hody,  when  thu  pri-ssutc  pi-n«rated  by  the  uct  of  s^trclion  itself 
n.'aclies  und  is  mnintnined  iit  u  suDkiently  high  levcL  Thus 
when  in  tlie  living  Inxly  tlie  bile  duct  \»  Ugatiiied,  or  beoomes 
obstructed  by  galhlones  or  otlierwife,  fluid  is  accumulated  ou  the 
near  side  of  the  ligature  at  a  pressure  which  goen  ou  increasiug 
until  resoipiion  of  bile  takes  place,  bile  salts  and  biliary  p^me»l» 
are  thrown  hack  uprm  the  system,  and  "jaundice"  leaults.  It 
would  appear  that  in  these  ca^^es  resorption  takes  place  through 
the  interlobulnr  bile  ducts  and  not  through  the  hepatic  culls  or 
other  structures  within  the  lobules.  The  high  pressur«  iu  the 
ilm^x  does  nut  lead  to  n  reversal  of  the  eminent  in  t!»e  lie}>al)c 
cells  fat  mo«t  it  slaekenK  or  ikl-uIIiIv  ^tojiv  tl>e  current)  but  the 
bile  soereted  iulo  the  hit«rli>biilar  diict-t  escaj^s  from  tliegw.  U 
further  apjwars  ttiat  the  esi-niie  is  not  into  the  blo>>d  vessels  but 
into  the  lymphati<;s;  the  bile  salts,  pigments  and  other  constitu- 
ents are  carried  into  the  thoracic  duct,  and  in  an  indirect  manner 
only  find  their  way  into  the  blood  stream. 

To  complete  the  history  of  the  secretion  of  bile  we  ougkt  now 
to  turn  to  the  manufacture  uf  the  biliary  constituents  within  the 
cells.  But  since  the  hepatic  c>:^lls  are  also  engaged  in  labours 
other  and  moa*  iinporlaiil  i>erliaiks  than  that  of  sccntting  bile,  it 
will  be  convenient  to  defer  whnt  we  liave  to  say  on  thU  point 
until  we  come  to  speak  of  the  fomiatitni  of  glycogen  and  c^  the 
genem)  metabolic  events  taking  place  in  the  liver. 


dEC.  5.    THE  UUSCULAR   MECHANISMS  OF   DIGESTION. 


§  218.  From  it.'t  entrance  into  the  mouth  until  mmh  retoDant 
of  it  as  L4  undigeMtL'd  leaveH  tlie  hoiy,  the  food  is  cimtiuuully 
BObjected  to  tnovenieiits  having  (or  tliuir  object  the  tritiiratiun  of 
the  food  as  in  mastication,  or  its  more  complcti.'  inixlitrc  with  the 

,  di^BStix'e  juices,  or  its  forward  prnf^rcss  through  the  ullniuntary 

[cuaL 

Ptriataltie  Movemtnts.  Tlic  doiiiiuaiit  iiioveiuent  in  the  nli- 
meularjr  caiictl  is  of  tlie  kind  called  pi^ristallic,  carriwl  out  by 
means  of  thi;  rircutar  and  iongitiidinal  lunflcular  ooata.  Thia  is 
seen  in  its  Rim|ile»t  form  in  tlie  small  intt^itine,  is  somewhat  modi- 
fied in  other  pari.t  as  in  the  stomach,  and  at  the  beginning  and  end 
of  the  canal  is  replaced  or  assisted  by  complicated  movementa 
carried  out  by  various  muscles. 

Tlie  maiu  part  of  a  pcTutaltio  movement,  as  seen  in  the  small 
inteslinu.  a  a  wave  of  contraction  progressing  lurif^tiidinnlly  over 
llw  circular  ooat  (|  84).  A  contraf;lii'ii  of  llw  cirfiilar  ciat  Wkf^ 
place  at  Mime  level  or  other,  narrowing  the  inie^tine  at  thi.-<  level. 
From  thence,  the  circularly  disposed  bundles  contracting  in 
sequence,  the  contxaction  travels  mi  a  wave  downwards  or  up- 
wards or  both  <iowiiwurds  and  upwards.  As  a  ride  the  wave, 
when  startod  naturally,  tmvcls  dowuwards  from  a  part  nearer  the 
mouth  to  A  [lart  ncttrer  t)i<!  rectum.  Thus  a  narrowint;  or  coq- 
Btrii;ti<)n  of  iht-  tul*e  travels  onwards  as  a  wave  driving  tho  conti-nls 
of  ihi?  hilie  l>ef<ire  it;  when  a  butclier  emptiiw  the  contf^nts  of  the 
inte:«tinfi  of  a  .ilauj^htered  animal  hy  s'iuee:Kin^  it  high  up  witli  his 

'hand  or  \\\a  thumb  or  foretinser,  and  then  carrying  the  sijueeting 
action  downwards  along  the  lenfcth  of  the  inteeitine,  he  makes  th« 
,  passive   intestine   do  very  much  what   the  circular   coat    does, 
actively,  by  contraction,  in  the  living  animaL 

This  action  ni  the  circular  duit  i*  further  aided  by  a  corro- 
Bponding  contraction  of  the  longitudinal  coat.  When  a  U^ngth 
of  the  longitudinal  coat  \s  thrown  into  contmction,  that  length  of 
the  taU?  is  shortened  and  widened;  the  effiwt  in  Ute  antagonist 
o(  that  produced  by  liie  contraction  of  the  circular  coal.     Hence 
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the  two  coal»  intist  contract  at  diflereiit  times,  otherwise  Ibey 
would  iientraliHe  each  other's  action.  Moat  probably  a  section  of 
the  longitudinal  coat  contracts  in  front  oi  the  Hection  of  the  cir- 
cular coat  which  is  about  to  contract,  thus  atibrdiug  room  for  the 
contents  which  are  about  to  bo  driven  on,  or  even  itself  drawing 
tbem  forwiird:  but  n  coiitractiou  of  the  longitiidinul  coat,  even  if 
it  followed  after  that  of  ttiu  circular  coul,  luigbt  still  be  ueeful  in 
hcl]>iug  to  briny  back  tiie  tuhd  to  its  nonnnl  width. 

In  the  Ruiall  intestine  the  tulie  in  bunfj  hwsely  and  much 
twisted  so  that  many  loops  are  formed ;  the  contents  moreover  are 
largely  fluid.  Hfince  the  steady  onward  movement,  snch  as  is  seen 
when  more  solid  coiit«nU  pass  along  thy  straight  and  somewhat 
lirnily  attiiched  crsupluigns,  is  eoinplicati'd  bj-  movements  due  to  a 
loop  beiiif;  projected  forwfird  by  the  eutramu  of  fluid  from  above, 
or  being  dnif5,'cd  ilowu  by  the  wei;;lit  of  its  ni^w  cout«uts,  or.  on 
the  othur  liainl,  due  to  a  loop  \mi\^  reimcted  liy  the  driving  on- 
ward of  its  conleut-s  and  the  emptying  nf  itKelf,  and  tbn  like.  In 
this  way  a  [Hculiar  writhing  movement  of  the  bowel  is  brought 
about,  and  the  pbra^fl  '  ]>eriRtaltic  movement '  is  generally  used  |o 
denote  this  total  efi'ecl  of  the  contraction  of  the  muscular  coau ;  it 
will  however  be  best  to  restrict  the  meaning  to  the  progressive 
contraction  of  the  circular  coat  assisted,  in  moet  cusfs.  by  a  eimilar 
])rogreesive  contmction  of  the  longitudinal  coat.  We  may  con- 
sider tb<!  Huvi-ral  special  movcmout^  of  the  different  parlD  of  the 
canaL 

MasticfitnM.  This  in  man  consi.slit  chiefly  of  an  up  and  down 
movement  of  the  lower  jaw,  combined,  in  the  grinding  action  of 
the  molar  teeth,  with  a  certain  amount  of  lateral  and  fore-and-aft 
movement.  The  lower  jaw  is  raised  by  means  of  the  temporal, 
masseter,  and  internal  pterygoid  muscles.  The  slighter  efl'ort  of 
depression  brings  into  aciiim  chiefly  the  di^itstric  muscle,  tliougb 
the  mylohyoid  and  geniohyoid  pr')lMtbly  slutrc  in  the  matter. 
CoulractioH  of  the  exl«nial  pterygoids  pnll.i  forward  the  condyles, 
and  thrusts  the  lower  (eelb  in  front  of  the  upi»er.  Contraction 
of  the  pterygoids  ou  one  aide  will  also  throw  the  teeth  on  to  th9 
opposite  side.  The  lower  horizontally  placed  fibres  of  the  tempo- 
ral serve  to  retract  the  jaw. 

During  mastication  the  foot!  is  moved  to  and  fro.  and  rolled 
about  by  the  movements  of  the  toufjuc.  These  are  effected  by  th« 
muscles  of  thiit  ortntn  governed  by  the  hypoglossul  none. 

The  act  of  inimticotion  is  a  voluntary  one,  guided,  us  arc  so 
many  voluntary  acts,  not  only  by  muscular  sense  but  also  by  con-, 
tact  sensations.  The  motor  fibres  of  the  fifth  cranial  nerve  oonv»^ 
motor  impulses  from  the  brain  to  the  above-mentioned  mu»cle«i 
but  paralysis  of  the  sensnry  fibres  of  the  same  nerve  i-endere 
mastication  difticult  by  deprivijig  the  will  of  the  aid  of  the  usual 
sensations. 


§319. 


Drgiutition.    Tlie  food  whea  sufficiently  masticated 
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by  the  loovemeDts  of  the  tuDf;u«.  gathurod  up  into  a  boluii  on  the 
middle  of  the  upper  surface  ot  that  organ.  The  front  of  the 
ton^uci  buiiig  mitMNl  —  partly  by  Wit  iutrinsic  muscles,  aud  partly 
by  ihfi  styloglo!t«u»  —  the  bulux  tH  tliniHt  h&cV.  lHawe>Mi  the  tongue 
and  thi;  [Kilnte  ibrmigh  thtt  anterior  ))illai'R  of  the.  fauces  i>r  istli* 
inuH  fiiiK^iiiin  linntedintely  before  it  arrives  therts,  the  soft  palate 
is  raiaed  by  the  levator  palati,  and  ao  brought  to  tonch  the  poste- 
rior wall  of  the  pharynx,  wtiich,  by  tlio  contraction  of  the  upper 
marfiin  of  the  superior  constrictor  of  the  pharynx,  bulges  some- 
what forward.  The  elevation  of  the  soft  piilate  causes  u  distinct 
rise  of  preaaiire  in  the  nasal  chutnbors ;  this  can  be  shown  by  in- 
troducing a  water  uiiinouitsti^r  into  oin;  nostril,  and  closing  the  other 
just  previous  to  swallowing  By  tliu  ciutractimi  of  the  palato* 
pharyn<{(»l  iniiscles  which  lie  in  the  iHjHtertor  pillars  of  the  fauces, 
the  curved  edffis  of  th<ise  pillars  are  made  strai;j;ht,  and  thua  tend 
to  meet  in  the  midiiitt  line,  the  small  gap  between  them  being 
filled  up  by  the  uvula.  Thronyh  these  niauffiiivres.  the  entrance 
into  the  posterior  narea  is  blocked,  while  tlie  soft  palate  is  formed 
into  a  swping  roof,  t-uiding  the  boUia  down  the  pharjnix.  By 
the  OODtraction  of  the  atylo-pluiryu;;uus  and  palato-pharynguus. 
tlie  funnvl-shapt-d  bag  of  the  pharyii.t  is  bn>u<^ht  up  to  meet  the 
deecending  monel,  vot>'  muob  w  a  glove  may  be  drawn  up  over 
the  finger. 

Heaowhile  in  the  larynx,  aa  Hhewn  by  the  laryngoeeopc.  the 
ujteooid  cartilages  and  vocal  cords  are  approxtroated,  the  latter 
being  also  raised  so  that  they  come  very  near  to  the  false  vitcal 
cords ;  and  tlie  cushion  at  the  base  of  tlie  epiglottis  covera  the  riina 
(•lottidia.  while  the  epiglottis  itself  is  depressed  over  the  larynx. 
Tlwj  thyroid  cartilage  is  now,  by  the  action  of  the  larrngeal  muscles, 
suddenly  raised  up  behind  the  hyoid  bone,  and  thus  assists  the 
epiglottis  to  t'xtver  the  glottis.  This  movement  of  the  thyroid  can 
eaaily  be  felt  on  the  outside.  Thus,  both  the  vntnnoe  into  the 
)M»terior  nares  and  that  into  tlie  lar\'nx  Ix^iu^  closiul.  the  impulM 
given  to  the  bolus  by  the  tongue  can  have  no  other  etTecl  than  to 
propel  it  beneath  the  sloping  soft  palate,  over  the  incline  formed 
by  the  t<kh,  of  the  tongue  and  the  epiglottis.  The  palato-glossi 
or  coastrictortts  isthmi  fancium,  which  lie  in  the  anterior  pillars 
of  tb«  ranoes.  Iiy  oontrocting.  close  the  door  behind  the  food  which 
bu  passed  tliem. 

When  the  b"lu.s  of  foixl  is  larfje,  it  k  R-fcivi.-d  by  the  middle 
and  lower  ooostrictors  of  thu  pharynx,  which,  cuntraetiug  in 
sequence  front  above  downwards,  thrust  it  into  the  ousophsgus. 
along  which  it  is  driven  by  a  similar  series  of  sitcce.ssive  contrac- 
titna,  that  is  to  say,  by  peristaltic  action.  This  comparatively 
slow  descent  of  the  food  from  tlie  pharynx  into  the  stomach,  may 
lie  ri.'adily  seen  if  animals  with  lonp  necks  such  as  horses  and 
dogs  be  watched  while  swallowing.  When  however  the  moTsel 
ia  not  large  or  when  the  sobstance  swallowed  is  liqttid,  the  move- 
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of  the  will  and  in  tlie  aWniw  of  conscionNnesx.  Iiidt^d  tlie 
stage  taken  as  a  whole,  though  name  of  the  earlier  coni- 
eut  movements  are.  aa  it  were,  on  the  borderland  between  ilie 
volunuiy  and  involuntary  kingdoms,  must  be  regarded  as  a  reflex 
•eu  The  third  and  last  stBge.  whatever  be  the  exact  form  which 
it  Ukm,  IS  undoubtedly  retk-x ;  the  will  has  no  powt>r  wlifituvet 
W«r  it,  and  can  nvillmr  ori-rinatv,  8toj>.  nor  modify  it. 

Pc^lutilion  in  fact  im  n  whole  is  a  reflex  act;  it  cannot  taku 
place  anle»3  some  xtiiuulu.i  1*  applied  t<i  the  mucous  membnme  of 
lliF  fauces.  When  we  voluntarily  bring  abrmt  swallowing  niove- 
uenU  with  the  mouth  empty,  we  supply  the  necessary  stimulus 
byfoicing  with  the  tiingiie  a  small  rjuantity  of  saliva  into  the 
biiue8,or  by  touchin;;  tlie  fauces  with  the  tongue  itself. 

In  tlie  reflex  act  of  deglutition,  c.iused  in  the  ordinary  way  by 

ihe  bid  coming  in  contact  with  the  fauces,  the  ati'orenl  impulstjs 

tnginatcd  in  the  fauces  are  carried  up  to  the  nervous  centre!  by 

lb*  ^WHO-phuiyngval  nerve,  by  bmnchtis  of  the  fifth,  and  by  the 

{inyngeal   bmuches  of  thu  »up<>rior  laryngeal  division  of   the 

^».    The  latter  ta^-m  of  sjiecial  importauci',  sinoi*  the  act  of 

'  oiUoving.  quite  apnrl  from  the  prcsenci^  of  food  in  the  mouth, 

Wf  be  brought  out  by  centripetal  stimulation  of  the  suyierior 

j  Ivji^al  nerve.     Tlie  elfereut  impuUes  descend  the  hypoglossal 

I  hdie  muscles  of  the  tongue,  and  pass  down  tliP  gloaso-pharyugeal, 

theTDj^  through  the  pharyngeal  plexus,  the  fifth,  and  the  spinal 

wsMory,  to  the  muscles  of  the  fauces  and  pharynx :   their  exact 

l«k« being  as  yet  not  fully  known, and  prrjbably  varying  in  dilTcr- 

Waoiuials.     The  Inryngwil  nium-lcs  arc  governed  by  the  hiryn^wil 

I  hinclies  of  lb«  vagu^. 

The  centre  of  the  reflex  act  lies  in  tlie  medulla  oblongala. 

I%Iutitioa  can  be  excited,  by  tickling  the  fauces,  in  an  animal 

ftnden.-d   unconscious    hv  removal   of   the   liraiti,   provided   the 

Mlnlla    be  left.     If    the    medulla   be   desiruyed,   deglutition    is 

jiapistible.     The  centre  for  deglutition  lies  higher  up  than  that 

fdiwpintjon,  so  that  in  diseases  or  injuries  involving  the  upper 

IfWof  the  iiiealulla  oblongata  the  former  act  may  be  impaired  or 

Iwdered  ini]M>9.-<ihle  while  the  latter  remains  untouched.     It  has 

[  *«n  said  to  form  part  of  the  sujierior  olivary  Uidies,  but  this  view 

t^httedcm  anatomical  grounds  ouly.     We  shall  have  to  deal  with 

Bl  and  similar  mallei's  in  treating  of  the  central  nervous  system. 

1 8  probable  tlmt.  as  is  the  ca-ie  in  so  many  other  reflex  act",  the 

|>bnle  movement  rain  be  called  fnrtli  by  stimuli  alloeting  the  centre 

tlr.  and  not  acting  on  the  usual  aft'ereut  nen-et;. 

{no.     .UovemfnU  of  Ike  (Eiophapis.     Thc,-^  as  we  have  just 

■le  fairly  Miuple.     The  circulnr  c-ontniction  liegun  by  the 

are  of  the  pharii'nx  i.*  contiiiued  along  the  circular  coat  of 

js  and  assisted  by  an  ar-cuTupanying  contraction  of  the 

lal  coat,  the  direction  being  always,  save  in  the  abnormal 

ol  vomiting,  from  nbuvo  downwards. 
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of  the  iDUatioe,  I)*  seen  after  icnova]  uf  Uk  ar;^ui  &«m  tbe  ko^; 
and  iiMknl  om;  e>«UOB«  to  ifpatf  span  aliaglatioa,  iar  as 
—■■■■1  knglli  of  Umt.  Hie;  mar  tlMrefdR  be  eeiried  oat  hf 
tihe  Basenlar  etonaiU,  villi  or  viiboot  tfae  be^  «<  tiM  i 
ekmeatt  embedded  in  them,  apart  fnea  any  actioa  of  ibt  • 
anraaa  aysteB.  Nevenheleas.  io  the  lirii^  body,  tbe  i 
of  the  oeeopliegiia  aeeai  to  be  in  a  special  vay  depeadenl  oa  th*  ^ 
ceotial  nenroai  syrtem;  the  cmtaetkitts  are  not  EUited  aod 
carried  oat  by  tbe  walls  of  the  tobe  ilnoe  and  so  tniuaiUed  I 
aection  to  aectioo  in  tbe  wkIIs  uf  tbe  tube  iteeU ;  l>Qt  eSenal 
piilim  lUitiil  ill  llii  [iliiijiii  ■iiiliaiiiiiittiitliii  HI iliille  iJiiiiayla, 
gire  me  to  reflex  dfereni  iiapalm  wbidi  deeecDd  alaig  BBraai 
tracts  to  noeeeaire  portMm  of  ibe  oq;u.  If  theosejphanaW 
cat  icrom  eone  way  down,  or  if  a  portion  of  the  middle  n^m  \m 
exdscd,  stimulation  of  the  pliarynx  will  {vodnce  a  pemtaltie  eos- 
tiaetioQ,  which  travelling  downvarda  will  not  stop  at  the  eat  or 
excieioa  but  will  be  cDutinined  >io  into  tbe  lower  dtsamnecled 
portkiD  by  tneann  of  the  central  nenroos  sntoaL  And  it  is  Mated 
that  ordinary  i«riBtaltic  voatnttiaaa  of  the  lower  pert  of  the 
osophagna  can  be  teadily  excited  hy  ^timalatkm  <d  the  |ihnijai. 
faot  not  by  •timoli  applied  to  il»  uwd  mocvas  memteaae.  In  the 
reflex  act'  which  thus  brings  about  tbe  petistaltie  cooUacticNi  «f 
the  oeaophagaa  the  afferent  nerves  are  tho#e  of  tbe  pharynx,  m.  the 
floperior  h^ngeal  nerre  and  pharS-ugeal  branches  of  the  vagnu, 
Imachee  of  the  fifth,  and  in  rame  animals  at  least  branches  of  the 
jji— »|iliaijii(^iBl.  but  chiefly  tbe  first;  and aeso|duigeal  morements 
can  easily  be  excit«d  bv  centripetal  stimnlation  of  the  snpetior 
laiyngcaL  The  centre  lies  in  l^e  medalU  oblongata.  Imos  a  part 
of  the  ^neral  deglutition  centre ;  and  tbe  efferent  impuUes  pan 
along  fibres  of  tbe  va^un.  reaching  tbe  appcr  part  u(  the-  onopbltgns 
by  ue  recurrent  larynf^l  ner\-e«  and  tbe  lower  ]ttrt  thrcit^  tha 
cemph^eal  plexneee'  of  the  vn^s.  (Fifi.  M>  SeelioD  of  the  tnnk  : 
of  tbe  vafros  renders  difficult  the  paassge  of  food  along  ihe< 
phago!),  aod  stiiDuUtiou  fif  the  [Mnipheral  stump  causes  (Eoophagnal 
oontmctioDs. 

Tbe  force  of  this  roovenient  in  the  oeaophasus  is  coneidetable : 
Ui>i!>  in  t)i«  ilii^  a  tall  piilUn};  by  means  of  a  pulley  ajjaioAt  a  weight  ^ 
of  250  irmiiiitieft  has  been  found  to  be  leaoily  carried  do«*n  fnan  < 
the  pbiiryiix  to  the  i%E4m:ich. 

At  the  junction  of  tbe  lesophsgus  with  tbe  stomach  the  circnisr 
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tibres  usually  remuiu  in  u  luoru  ur  ]>.--i«  iH.TinaDviit  cuuditiuii  of 
tonic  or  obaouruly  rliyUiEiiii^  cMnitmclidii,  inoru  jsarlkularly  when 
the  stomach  is  Full  u(  fm'il,  and  thutt  .«erve  an  a  iipliinctor  to  pre- 
vent tlic  ruluni  of  hm]  from  the  fiUiinacIi  into  llie  <£tt»phagu3. 
rpun  Uie  nrrival  nf  ilm  bolutt  of  I'uod  at  tlie  enil  of  tiie  teaophavus, 
the  centre  for  thin  rtphincttir  is  inhibiteil  and  the  oritice  la  ttina 
0[>eiie<]  ny.  P<»sibly  the  patency  of  the  orifioc  is  still  furtlier 
secured  by  a  conlraction  of  ihc  bjnHitudmal  muscular  fibres  which 
radiat«  fn)m  the  end  of  thu  wi>ophufp]8  over  the  sioiiiach. 

§  221.  Movement  of  (he  Stomaek.  While  the  Dhject  of  the 
€Mophn}>inil  iiiovomvut  is  simply  U>  carry  ihe  swallowed  bolus  with 
all  due  siwi-d  to  (he  Ht'niiach,  and  while  the  intestinal  moveni«ut 
hits,  in  lik«  niaiiiR^i',  dimply  to  carry  the  intestinal  contents 
onward,  the  twilled  cmirsie  of  the  looped  path  PDsuring  all  the 
mixing  of  the  coti»titiieiila  of  the  contents  that  may  he  necessar)', 
the  movements  of  the  stomach  have  a  double  object :  on  the  one 
hand  to  proviile  an  adequate  exposuTu  of  the  eontcnts  of  the 
dilated  chamber  to  the  inllwneo  of  the  (^tric  juice,  and  on  the 
other  to  propel  the  partially  di^'«sti.'d  food,  when  rvady,  into  the 
duodenum.  \\\-  may  aci:'urdin<;ly  dislingiiiKh  between  what  we 
mny  call  the  "olmrnin';"  and  the  "propulsive"  taovemeuts  of  the 
stomach. 

When  the  stoinitch  is  empty  all  ihe  mu.scuUr  tibres  as  we  have 
fiaid,  longitudinal,  circular  and  obhf|ui',  fall  into  a  condition  which 
we  may  pe.rliaps  s)ieak  of  ah  an  oltsciin'  roiiic  contraction.  The 
whole  atomach  is  Amal!  and  contracted,  ila  cavity  is  nearly  obli- 
terated, and  thc!  niucuu^  membrane,  owing  to  the  predominance 
of  tlw  circular  coat.is  like  the  lining  membrane  of  an  empty  artery, 
tbron-n  into  lou^tudinal  folds.  As  more  an<i  more  food  entora 
the  stoinacli  all  the  coats  become  relaxed,  with  the  exception  of 
tli«  pyloric  sphincUir,  which  remuins  at  first  permanently  closed, 
and  tlie  Ifn*  riinrked  cnnlinc  sphincter,  which  merely  relaxes  from 
time  to  time  at  each  net  of  swalluwin;*.  Xo  sooner  however  do 
the  ooatj*  thus  become  relaxed  than  thi^y  set  up  otwcure  rhythmical 
nemultic  contractions,  ^viug  rise  to  the  "chuminfj"  movementa. 
These  movemenu  have  Iteen  de«cril>ed  as  nf  such  a  kind  that 
the  CMltentA  How  in  a  main  current  from  the  canlia  alonj;  the 
greater  curvature  to  the  pylorus,  and  back  to  the  cardia  alonji 
the  lesser  curvature,  subsidiary  cum'uUt  mixiii);  the  periphenil 
portions  of  the  contents  with  the  moi-e  cenlml ;  it  may  bo  doubted 
however  whether  any  such  re^-ularily  of  tlow  i«  marked  orconstiint, 
und  it  is  not  eiisy  to  sti:  by  what  combination  and  se'tuence  of 
oontractionw  in  the  three  coat«.  longitudinal,  circular  and  oblique, 
stioh  a  rej^iilar  How  can  l)e  pro<iuccd.  But  in  any  cage,  by  such 
rhjrthmical  contractions  tlie  food  iitid  •{astric  juico  are  rolled  nhnut 
and  raixed  together.  TheM  chuniin<<  movements  are  fe<>ble  at 
tint,  even  Ihongli  (he  sloniatdi  bt-  tilled  and  distended  by  a  large 
meal  rapidly  eat<'n  ;  they  become  more  and  nioro  pioaoanced  aa 
•ligestion  proceeds. 
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Before  digestion  has  proceeded  very  far  the  "  propulsivo  * 
movemeiititi  begin.  Thesu  occur  at  intervals,  and  are  repeated  At 
first  slowly  but  aftfirwards  more  ni|iidly.  Eticsh  movement  Ciinsists 
in  a  contmctiou  of  th«  circular  miiKciiliir  libnis  more  powerful  than 
any  tnking  pari  in  the  clmrniii'^iiiovi.'ini-Htft.ttnd  loading  to  a  circu- 
lar conKtri(:tii.>ii  wliiL'h.Ix'j;iiiniiiga]>jiareiitly  alalmiit  the  obscurely 
defined  groove  which  marks  tlie  lieginninij  of  the  antrinu  pylori, 
travels  down  towards  the  pyloruB,  propelling  thi-  food  oiiwanl. 
This  movement  is  accompanied  or  lather  preceded  by  n  r^lnxntiou 
of,  that  is  to  aay  in  all  probability  an  inhibition  of  the  yn>rinanent 
contraction  of.tho  sphincter  pylori  itself,  in  order  thai  ihe  gastric 
contents  may  pass  into  the  duodenum.  But  the  occurrence  of 
this  riihixalion  ii;  determined  by  the  nature  of  the  gastric  con- 
tents; for  if  the  prnpiil-tivi'  movement  drives  hii^c  undigested 
pieces  u>waixl»  the  pylorus,  tlie  sphinctirr  is  apt  to  close  agaiu,  th« 
result  of  which  is  that  the  undigested  morsels  are  carried  back 
into  llie  main  body  of  the  stomach. 

Tlie  combined  eifeci.  then  of  the  churning  and  of  the  propnlsive 
movements  is.  after  a  certain  pRrt  of  the  meal  has  been  reduced  to 
a  thick  fluid  condition  somewhat  reserabhng  pea  soup  and  often 
culled  chyme,  to  strain  oil  thi»  moiv  fluid  part  into  the  duodenum, 
and  U>  submit  the  rcmaiuingslill  solid  pic<.'cs  to  the  furtlicr  action 
of  the  gastric  juice. 

As  digftslioti  proceed-',  more  and  more  maierinl  leave*  tlie 
stomacli,  which  i.'<  thus  gradually  emptied,  the  last  portions  which 
are  carried  through  l>eing  those  parls  of  the  food  which  are  least 
dige-stihle.and  any  wholly  mdigestiblefMreign  bodies  which  happi'ii 
to  have  been  swallowed;  the  latter  may  perhaps  never  leave  the 
stomach  at  all.  The  prvscuuc  of  food  Ictids  to  tlie  development  of 
the  movomCDts;  but  evidently  it  is  not  the  mere  mcclianicnl 
repletion  of  the  organ  which  is  the  cause  of  the  moveinent.s.  «noe 
the  stomach  is  fullest  at  the  iH^giimiug  wheu  the  movements  ar«> 
slight,  and  becomes  emptier  as  tbey  grow  more  forciMe.  The 
one  thing  which  does  increase  pari  passu  with  the  movements 
is  the  acidity,  which  is  at  a  minimum  when  the  (generally  alka- 
line) food  has  been  swallowed,  and  increases  steadily  onwards. 
It  haa  not  however  been  definitely  shewn  that  the  increaaiug 
acidity  is  the  ellicient  stimulus,  ^'iving  rise  to  the  movements. 

The  movements  of  even  a  lull  stomach  nre  said  to  ct^asc  during 
«lc«ii.  The  nervous  mechanism  of  the  gastric  movementa  had 
belter  Iw  considered  in  connection  with  that  of  the  intestinal 
move  men  I*. 

§  232.    Vomiting.   In  a  conscious  individual  this  act  is  [veceded 

by  feelings  of  naiusea,  during  which  a  copious  flow  of  sidiMi  into  the 

mouth  take»  place.     This  being  swallowed  carries  down  with  it  a 

1  anantiiy  of  air,  the  pre.sence  of  \thich  in  the  stomach, 

n  list-  opening  of  the  cardiac  sphincter,  subsequently 

discharg*^  *'^  ^'^'^  gaatric  contents.     The  nausea  i« 
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generally  sui-i-«eded  ftt  first  by  ineflectual  TDtcliing  in  which  a  deep 
inspiratory  t-ffurt  i«  madv.  so  that  the  diaphra^  is  thrust  down 
ss  low  as  pusMible  a<^iii!(l  th«  stumach,  tht.-  luwur  ribs  being  at 
the  t»mv  time  hircihly  drawn  iiii  r,ww-  tliiriii;;  this  iimpinitury 
uffurt  tho  jilittti.*  is  kept  closed,  im  air  eaii  eiiWr  iiili>  thi.^  lungs  ; 
but  some  i''  drawn  into  the  pharynx,  and  them^i>  probably  (to.iniiidH 
by  a  swftlh>wing  actiun  into  the  ^tiJUiaL'h.  When  reicliiug  patix-.s 
on  to  actual  vomiting  this  inspiratory  otTort  is  succeeded  by  a 
audden  violent  expiratory  contrnctioa  of  the  abdominal  waits,  tlie 
glottis  still  beinfj  closed,  so  that  the  whoK>  force  of  tht-  effort  is 
speiii.  as  we  shitll  sou  it  is  in  dL-fa-culinn,  in  jirL'ssurc  on  the 
abdotniniil  coQU:ut«.  The  stomach  is  thi-nifort-  foruibly  conipn--s»ed 
from  withouU  At  thu  sauic  time,  or  nitlier  iiunieiliiiLcly  bi^fniu 
the  expiratory  effort,  by  a  conlriu  tiun  of  ii.-<  lougttiidiniil  filmw 
the  cesnphagus  it  ahortitned  and  the  cardiac  oiiliire  of  thi-  .-stomach 
brought  cloite  under  the  diaphragiQ,  while  apparently  by  an 
inhibition  of  the  circular  sphincter,  aided  perhaps  by  a  contraction 
of  the  fibres  which  radiate  from  the  end  of  the  (Bsophagiis  over 
the  stomach,  the  cardiac  oritice,  which  U  normally  closed,  is 
somewhat  suddenly  dilated.  This  dilation  opens  a  way  for  the 
oont4!uts  of  tho  stomach,  which,  pressed  upon  by  the  eoutrnction 
ot  the  ubdomvu,  and  to  a  certniti  but  probably  only  to  a  sli;;ht 
extent  by  the  contraction  uf  the  gastric  walls,  ftie  dnven  forvibly 
up  tlie  oe«opha);u».  The  luouth  buiii"  widely  open,  and  the  neck 
»lrelched  to  alt'ord  as  straight  a  course  as  possible,  the  vomit  U 
fi}eccei]  from  the  body.  .\t  thit  moment  there  is  an  additional 
expiratory  effort  which  servai  to  prevent  the  vomit  passing  into 
the  Urynx.  In  most  cases  too  the  poiterior  pillar  of  the  fauces 
are  approximated,  in  order  to  close  the  nasal  passage  against  the 
B8cvuiiin){  slrciim.  This  however  in  severe  vomiting  is  frequently 
inefTecttial.  , 

Thus  in  vomiting  theru  are  two  distinct  acts :  ttic  dilation  of 
tlie  cardiac  orifice  and  the  extrin^iic  prussura  of  the  nhdoiidual 
walls  in  an  eK]>iratory  effort.  Without  the  former  the  laiu-r.  even 
wlien  distressingly  vigorous,  is  ineffectual.  Without  the  latter.as 
in  arari  poisoning,  the  intrinsic  movements  of  the  stomach  itself 
are  rarely  safScient  to  do  more  than  eject  gas,  and,  it  may  be,  a 
v«ry  small  ttuantity  of  food  or  tluid.  l*yrosis  or  wsterbrash  is 
however  prub.ibly  brought  about  by  this  intrinsic  action  of  the 
stomach. 

During  vomiting  the  pylorus  is  generally  closed,  so  that  but 
little  material  escapes  into  the  duodenum.  \\ni  en  the  gall -Madder 
is  full,  a  ooptous  thiw  of  bilv  into  the  duodenum  accoinpauies  the 
act  of  vomiting.  I'art  of  this  may  find  its  way  into  the  .stomach, 
as  in  bilious  vomiting,  the  pylorus  then  haWng  evidently  been 
opened. 

The  nervous  met^hanisni  of  vomiting  is  complicated  and  in 
many  asjiects  obscure.     The  etierent  impulses  which  cause  tbe 
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wxpiratory  effort  must  come  from  the  respiratory  centre  in  the 
medalla ,  with  tlieso  we  shall  d«ul  in  spoiikiiig  of  rttspiration.    The 
iliUtioii  uf  the  Cttrdiac  orifice  is  caused,  in  pitri  nt  U-nsl,  by  impulses 
d<;scciidiiig  the  vagi,  sinte  wh<fii  these  nre  cut  real  vomitiDB  with 
dischat^ti  ,,f  tiie  gastric  cfiitti-ntK,  it'  it  taken  place  at  all,  b(;ciiin«s 
difficult  through  want  of  readiness  iu  the  (lilation.     Such  intrinsic 
movementa  of  the  stomach  as  do  take  place,  and  the  movemMils  of 
the  (esophagus  appear  to  1«  carried  out  by  the  usual  nerves.    The 
efferent  impulses  which  cause  the  How  of  saliva  in  the  introthictory 
iiauscii  also  du;<<»!ud  u1or<!  the  usual  nc'rves  such  as  the  chorda 
tyiiipaui.    These  vari"iis  impulses  may  best  be  considenjd  as  start- 
ing from  a  vomiting  centre  iu  tli«  medulla,  havinj,'  close  relations 
with  tlie  respiratory  centric     This  centre  may  \x;  excited,  may  b« 
thrown  into  action,  iu  a  reflex  manner,  by  HtimuH  applied  to  j  eriph- 
era]  nerves,  a»  when  vomiting  is  induced  by  tickling  the  fauces. 
or  by  irritation  of  the  gastric  iiienibrane,  or  by  obstruction  of  the 
intestine  due  to  ligature,  hernia,  etc.     That  the  vomiting  in  the 
last  instance  is  due  to  ne^^■o^s  action,  anil  not  to  any  regurgita- 
tion r)f  the  int«stiual  contenlfl.  is  shewn  by  the  fact  that  it  will 
take  place  whim  the  intestme  is  perfectly  empty  aud  may  be  pitt- 
vcnted  by  section  of  the  mcsenterif  nerves.    The  vomiting  attend- 
ing rcnul  and  biliary  inlculi  is  uppfircntly  also  reHcx  iii  origin. 
Vomiting  in  fact  as  a  rule  is  a  rtttlex  uction,  the  affereut  impulse!) 
pairing  along  one  or  other  ner%vs.  but  most  frequently  along  those 
couiioi-t«d  with  the  nhmentary  canal,  that  is  along  afferent  fibres 
nnining  in  the  vngns  or  in  the  splanrhidc  nerves.     The  centre 
Lowever  may  be  aH"ecled  directly,  as  probably  in  the  pases  of  s^ome 
poisons,  and  in  .some  instances  of  vomiting  from  disease  of  the 
medulla  oblongata.     Lastly,  it  may  be  thrown  into  action  by  im- 
pulses reaching  it  from  part*  of  the  brain  higher  up  than  itself,  as 
in  cases  of  vomiting  produced -by  nmt'lla.  tastes  or  emotions,  or  by 
the  recollection  of  past  event».  ;ind  in  some  cases  of  vomiting  due 
to  cerebral  disease. 

Many  emetics,  such  as  tartar  emetic,  appear  to  art  directly  on 
the  centre,  sinre.intritdnced  into  tiie  blood,  they  will  prfjduee  vom- 
iting after  a  bladder  lias  been  substituted  for  the  whole  stomach. 
Others  again,  such  as  mnstArd  and  water,  act  in  a  reflex  manner 
by  irritation  of  the  gastric  raiicoua  tnemhr.ine.  With  others, 
again,  which  cause  vomiling  by  developing  a  nauseous  taste,  the 
action  involves  parts  of  the  brain  higher  than  the  centre  itself, 

§  223.  Movrwents  of  the  Smalt  Inttntine.  These,  as  wc  have 
already  s<iid,  are  the  typical  peristaltic  movemenis,  simple  except 
in  so  far  »%  they  are  complicated  by  the  existence  of  the  pendent 
loops,  the  peculiar  oscillating  movements  of  which  ap[>eaT  to  be 
proiliiceil  chiefly  by  the  Inngituilinal  fibres. 

The  i^ristaltic  movements,  as  a  rule,  lake  place  from  above 
downwards,  and  a  wave  beginning  at  the  pylorus  may  be  tiaced  a 
long  way  down.     But  contractions  may,  and  in  all   probability 
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occasioiiRlly  du,  bugin  at  various  points  Along  the  lengtli  of  the 
intestine.  A  tnot'ciiienl  slartett  by  nniHciHletimuktiotisomen-aj 
down  the  inie»tiue.  may  travel  nnl  only  downwards  bul  obo  ui>- 
wardsi  it  has  lieeii  dinpiit^^d  however,  wh<'thor  In  llit-  livlii';  body 
any  natural  backward  j>eriaultic  iiiov<>i»E'nl  really  lakes  jilaoe. 
In  the  living  bwly  the  intestines  have  i«riod3  of  lesl,  alleninung 
with  periods  of  activity,  the  occurrence  of  the  periods  de]>endin{; 
on  various  circunistaoves;  the  intensity  of  the  movements  ahio 
varits  very  considerably. 

g  224.  M<ntmenU  of  the  I.nrgt  Intestine  Thest.-  are  funda- 
mentally lh«  same  iis  thoisc  of  the  small  iuU^line.  but  distinct  in 
so  far  aa  the  latter  oease  at  the  iluw-wwal  valve,  at  which  »]wt  thv 
former  normally  l>eKin ;  they  are  simpler,  in  ax  much  as  the 
pendent  loops  are  absent,  and  not  .to  vigoroun,  since  relatively  to 
the  diameter  of  the  tube,  the  amonni  of  muscular  fibre  ia  leaa. 
Along  the  colon  where  the  saccuU  are  vrell  developed  the  uove- 
ineDt  may  perhaps  be  described  as  almost  intermittent  from 
aaccalus  to  sncculus,  the  contents  of  one  sacculus  being  driven 
by  the  pemtaltic  contractions  of  its  circular  libres  into  the  next 
saooulus,  which  ]>repan.<«  to  R-ceivc  theui  by  a  reluxuliuu  of  its 
oircuUr  and  n  contraction  of  its  longitudinal  hbres 

Since  the  lips  of  the  ileon^tecal  valve  are  placed  transverwly 
across  the  ciecum.  not  only  does  distention  nf  the  csecum.  by 
Rtretchiug  the  valve  along  the  line  of  the  lips,  bring  them  inter 
appoaition,  but  the  pressure  exerted  by  the  peristaltic  raovemenl 
has  the  same  effect.  In  this  way  iiny  return  of  the  contents  from 
the  large  to  the  small  intestine  is  prevented. 

Arrived  at  the  sigmoid  tlexure.  the  contents,  now  more  or  less 
solid  fat»s.  are  supported  by  the  bladder  and  the  sacrum,  so  that 
they  du  not  pn-»s  on  the  sphinclvr  ani, 

%  225.  Dffaxalion.  This  is  a  mixed  net,  l>cing  superlicially 
the  result  of  an  efr<irt  of  the  will,  anil  yet  carried  out  by  means  of 
an  iovoluiitary  niet'hanisin.  I'arl  of  the  voluntary  ett'ort  cnnsi.ita 
in  producing  a  preftsnre-^-tt'ect,  by  means  of  the  abdominal  mu!>clea 
These  are  contracted  forcibly  as  iu  expiration,  but  the  glottis 
being  closed  and  the  escape  of  air  from  the  lungs  prevented,  the 
whole  force  of  the  pressure  is  brought  to  bear  on  the  abdomen 
it«elf.  and  so  driven  the  contents  of  the  desciisnding  colon  onward 
towards  the  rectum.  The  Sigmoid  flexure  is  by  its  poKitioii  shel- 
tered from  this  pre-<sure;  a  body  introduced  peranum  into  the 
empty  rectum  is  not  affocted  by  even  forcible  eonirnctions  o(  the 
abilominal  walls. 

Tlie  anus  is  guarded  by  the  sphincter  ani,  which  is  habitually 
in  a  state  of  normal  tonic  contraclton.  capable  of  being  increased 
or  diminished  bva  stimulus  applied,  cither  internally  or  o\tenially, 
to  the  anus.  The  tonic  cuntniction  is  in  |)arl  at  least  due  to  the 
action  of  a  nervous  ccntrv  sttuiteil  in  the  lumbar  spinal  cord.  II 
the  nervoiu  cunikevUou  uf  the  sphincter  with  the  spinal  cunl  be 
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bruken.  relaxauon  takeit  place.  If  the  spinal  cord  l>e  dividi-d 
soiiiewhul  higher  up.  for  iostance  in  the  dorsal  resion.  the 
sphincter,  aft*r  the  tlepressin};  isflcct  ot  tlie  operation,  which  may 
last  sBVLTtil  (Itkys,  has  passed  otV.  regains  and  subsL'([UL>ntIy  main- 
tiiins  its  tonicil)-,  shewing  that  iIk-  centre  is  not  platt-d  higher  up 
than  the  huiihiir  ri^gjon  of  the  cord.  Tin;  iiienvLscd  or  diminished 
contrartion  follnwiiif;  on  lociil  tttlmiilaliun  is  prohaldy  dw  to  n-flex 
ftngiiientation  or  inhiViilion  of  tlje  aclion  ot  this  wnM«.  The 
centre  is  also  subject  to  intlnence*  proceeding  from  lii^hor  i-eglons 
of  tlie  cord,  and  from  the  brain,  ity  the  action  of  the  will, 
by  emotions,  or  by  other  nervous  events,  the  lumbar  sphincter 
centre  may  be  inhibited,  and  thus  the  sphincter  itself  i-elaxed;  or 
augmented,  and  thuK  the  sjihimter  tightened.  A  second  item 
therefore  of  ihevoluntwry  pmcyjs  in  defacnlion  is  the  inhibition  of 
the  lumbar  spliinctt^r  rentre,  and  conweiiiicnt  reliixutiou  of  the 
spliincler  muscle.  Since  the  lumbar  centre  mny  remain  wholly 
etficienl  when  separated  from  the  brain,  tlie  paralysis  of  Uie 
.sphincter  which  occurs  in  certain  cerebral  diteaseft  is  probably  dne 
to  inhibition  of  this  lumbar  centre,  and  not  to  paralysis  of  any 
cerebral  centre. 

Thus  a  voluntary  conlraction  of  the  abdominal  walls,  accom- 
panied by  a  relanution  of  the  sphincter,  might  press  the  contents 
of  the  de.^ceniliug  colon  into  the  rectum  and  out  at  the  anus. 
Since  however,  as  we  have  seen,  the  pres.'*ure  of  the  abdoniinal 
walls  i.i!  warded  ofl'  the  sigmoid  tiexnie,  such  a  mode  of  def.i-calion 
would  always  end  in  leaving  the  sigmoid  flexnre  full.  Hence  the 
necessity  for  the-se  more  or  les.-*  volunlary  acts  being  accompanied 
by  an  involuntary  augmentation  of  the  peristaltic  action  of  the 
large  inteatine.  sigmoid  flexure  and  rectum. 

In  the  movements  of  the  rectum  we  can  trace  out  more 
distinctly  than  in  other  regions  of  the  alimentary  canal  the 
separate  actious  of  the  longitudinal  and  circular  fibres.  The 
former,  bv  means  of  contraclions  travelling  from  above  downwards, 
shorten  the  rectnni,  and  ^^iiiee  the  anus  atl'ords  a  more  or  less  fixed 
MUpporl  pull  the  rectum  and  its  contents  clown ;  the  latler,  by 
means  of  contractions  travelling  from  above  downwards  bnt 
taking  place  somewhat  later,  narrow  the  rectum  and  so  squeeze 
the  contents  onwards  and  outwards. 

Def(e<^'ation  then  appears  to  take  jdace  in  the  following  man- 
ner. The  large  intestine  and  sigmoid  flexure  becoming  more  and 
more  full,  stronger  ami  stronger  |wristaltic  action  is  excited  in 
their  walls.  By  this  means  tlie  ftece*  are  driven  into  the  rectum 
and  8ft  by  a  continuance  of  the  movements  increasing  in  vigour, 
against  the  .tpliincter.  Through  a  voluntary  act,  or  sometimes  at 
least  by  a  simple  reflex  action,  the  lumbar  sphincter  centre  is 
inhibited  and  the  sphincter  relaxed.  At  the  same  time  the  con- 
traction of  the  abdominal  muscles  presses  lirmly  on  the  descend- 
ing colon,  and  thus,  contractions  of  the  levator  aoi  assisting,  the 
contents  of  the  rectum  are  ejected. 
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It  must  huwttver  be  remembered  thai,  wliile  in  ajtjipjiUng  to 
our  own  conAdousnces,  the  contraction  of  the  nbiloiuiiial  walls  nii<) 
tbo  rclAxatioii  of  the  sphincter  §t!em  purely  voluntary  efforts,  the 
whole  iKtl  fit  defsecatioij,  ineUidin^  both  of  these  seemingly  ao 
voluutvy  components,  may  take  plnco  in  tho  absence  of  consciouii- 
newi,  and  indeed,  in  tbf  ca^u  of  tliu  t\'<ji  »t  h'asl,  iiftwr  thi-  complete 
fieverance  of  the  lumbar  from  the  tliurucio  conl.  In  such  ouitvs 
the  whole  act  must  be  purely  rcdcx,  i;xcited  by  the  presviice  of 
fwces  in  the  rectum. 

§S86.  Tfte  wrvou.i  meehanitnu  of  gaatrif.  and  inttittinal 
Movements.  Both  the  stomach  and  intestines  when  removed 
from  the  body  and  thus  wholly  sepnrated  from  the  central  nervous 
■tystem  may,  by  direct  stimulation,  be  readily  excited  to  move- 
ment ;  and  indeed  in  the  absence  of  all  obvious  stimuli,  movismmits 
which  &eem  to  be  spontaiioutis  may  ut  times  be  observod.  The 
movements  of  which  we  arc  8pvukin<;  ure  orderly  movements  of  » 
peristatlic  nature,  not  mere  loiuil  routrnctionx  of  a  few  buntllex  uf 

Elajn  muscular  fibres.  The  nlimenUiry  eanal  therefore,  like  the 
earl,  though  to  a  Irm  de^'ree,  pot<.se^.ics  within  ilnelf  .ouch  mechnn- 
unis  a»  lire  reipiisite  for  carrying  out  its  own  movements;  and, 
as  in  the  case  of  llie  heart,  there  is  no  adequate  evidence  that  the 
ganglia  scattered  in  its  muscular  walls,  those  namely  forming; 
the  ptexua  of  Auerbach,  [ilay  any  prime  part  in  developing  these 
movements. 

On  the  other  hand,  powerful  movements  of  a  peristaltic  kind 
uuty  1)6  induced,  nut  only  as  wu  have  iilrvady  seen  in  the  ceaoph- 
i^UH  but  also  ill  the  stomach,  in  the  .'^utall  iutvMtiue,  and  even  in 
(he  larfje  intestine  by  ittimulatiou  of  ihe  vagus  nerve. 

The  chief  and  usual  cause  of  tlie  movementt  of  the  stomach 
and  intestines  is  the  presence  of  food  in  their  iuterior.  But  we 
do  not  know  definitely  the  exact  manner  in  which  the  food  pro- 
duces tlie  movement  It  may  be  that  the  food,  by  .stimulating  the 
mucous  membrane,  sends  up  afferent  impulses,  and  that  these 
give  rise  by  reflex  action  to  efferent  impulses  which  descend  the 
ragua  6bras  to  successive  portions  of  the  canal,  in  s  manner  simi- 
lar to  that  already  duscribcd  in  reference  to  the  cesopha^B.  If 
this  be  so  the  efferent  impulses  reach  the  stomach  and  upper  part 
of  the  duodenum  by  the  ti.'rmiual  jxirtion.^  of  the  two  vagi.  Fig.  84, 
jK:  V.  r,.  v.,  and  reach  the  intestine.^  by  th«  portion  of  the  right  or 
posterior  vagus,  Fig,  64,  R'.  I'".,  which  panes  into  the  solar  plexus 
and  thence  by  the  mesenteric  nerves.  The  alTerent  impnlses  from 
the  stomach  travel  also  apparently  by  the  vagus :  the  paths  of 
those  from  the  intestines  Itave  not  yet  been  determined. 

But  that  such  a  reflex  action  through  \-agua  fibres  is  not  the 
only  meims  by  which  the  presence  of  food  brings  about  the  move- 
ments in  question,  is  shewn  by  the  fact  that  these  continue  to  be 
dcvelo[ted  after  suction  of  both  viijjus  nerves,  Probobly  the  whole 
action  is  a  mixed  one  which  wu  may  picture  to  ounelves  somewhat 
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as  follows.  I1ie  alimentary  i-iiiial  piMsesst^  a  {Ktwvr  of  spoiibuie- 
ouH  muvument,  feeble  it  is  true,  very  inferior  lf>  ttiat  of  the  heart, 
and  very  apt  to  be  latent,  but  still  existing.     The  prestence  of  food 
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DUUKAM    TU    ILLL'BTKATI    TDK    K|I«T«II  Of    THU    ALWUIjUIT 

Camal  tv  turn  UoQ. 


Tlie  fipjre  i«  for  the  kOcp  of  nittii'licitj  niBito  as  iliagmiiinalir  as  iiowiblc.  and  dot* 
n"f  tr/irrtr/if  the  ttrt'ttumictl  rfhtrmn*- 

Or  bi  Kcl. — Tlie  nlinioiituiv  ciiual.  u>»o]>lia^iii,  •ininActi,  aiiiall  iiittuitiiip,  Inrgc  inle*- 
lino,  r(>i('lii«> 

LV,  L«ft  i»j:in  nnrvo,  eniliug  uii  troiit  o(  (toinnch.  rj.  rni-iirri'iit  iBringMxl  uetro 
■Ql>]>I>!ii^  upper  part  of  ciM"i|)liiiirii«  R.  I'.  lighc  Ynjtm.  jtiiiiiiit!  ''''  vajju*  in 
■amphagoal  iJcxuii,  w. /•/..  MipiiKi'i;;  the  jioiterjor  pan  of  *t>iiiitu;h  and  e»ii- 
IIdiiimI  u  ll'.t.  lo  join  thp  ncilur  [ilrxm.  htn  rrprtienrfl  by  a  ita^lr  jfcinfli'ion  and 
connorWrt  with  Iho  iufprinr  ii>o«^iiHirii-  (tarifflion  (or  [ilcmia)  in  ■/!. — r/.  tiriiiicbM 
from  ihn  *olar  pIcMU  to  itli>'i<.'U:h  lUiil  •iiinll  iiilcdiuc.  uiid  (roiii  lli«  rticaouMtii' 
gaii);UoTi  lo  the  larf^  ii)t(«t<iip 

Spl.  mil).  iMTgn  >plaDchni(^  nt-rvti  arisiug  fnim  tlii?  thumrir  KKii);tiii  nml  raini  ixiin- 
luiitiii'nnlFi  re.  b«loii;;iuj:  to  ilonuil  nervrs  fruiii  Ibo  litli  tu  Ihn  KCli  (i>r  lOlh). 

Spl,  min,  Kinn]1  •Tilnnchnic  iipn  t<  niiiiilarly  arUitii;  from  luth  ii»il  1  Uh  ilonal  narre*. 
'riit~«  iKitli  join  tlip  ntiTur  plrxiw  miiI  tliciiirii  make  thi>jr  way  to  tlic  aliiiiiMitaiT' 
i-andl, 

C.r.  N>riiy  friin  tlx'  pinglia  &('.  Ixilciiiijini;  !■>  I  Itli  and  l£lh  donitl  and  lit  aud 
Sdi!  liimtiaT  nBr\"«.  iiriK.'i'pdiiij'  tu  tlw  iiifflriiir  niwwulsric  Eiuij;lla  [or  plexml 
■.  il.  ami  thouM  hv  tin-  hyimmuitrii'  tmri>  n  ^ yji  and  Iho  hrpogutrlc  plcxai 
pi.  tffi.  til  iha  dri'ular  mixi'l'i*  of  ilii>  mi-tiinj. 

It.  Kcrre*  fiwjn  thi"  Siid  ami  3n1  M>-tal  ni'r»pn.  Si.  .V^  (tiprvl  crigenw*),  piiH^Mliai 
bj  tbn  hypo)[aMrir  |ilnxiia  to  thn  tonj^itiirliiinl  iiiuflcleH  uf  the  rcctDm, 
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in  some  way  or  other,  by  oomedirectaction  quite  apart  from  the 
central  nervous  system,  is  able  to  increase  this  power  so  that, 
without  any  aid  from  the  ct-iitral  nervous  system,  an  after  section 
of  the  vugi.  odcqtuitK  peristaltic  movomeiit'S  can,  under  fuvouniblc 
circumstances,  be  carried  out.  Nevertheless  in  the  normal  cLiurse 
of  events  eatisfactorv  movements  are  Mill  further  seemed  liy  the 
reflex  action  throueh  vaguH  Hbrea  juxt  descrihcd.  'I'hnti,  in  the 
dog,  the  atot  of  swallowing  food  or  even  the  mere  smelt  of  food 
haa  been  obaorved  to  increase  the  movements  of  a  piece  of  intes- 
tine isolated  from  the  rest  of  the  alimentary  canal  but  retaiJiing 
its  connections  with  the  central  nervous  system.  Under  lliis 
view  the  peristaltic  movements  produced  by  centrifugal  stimu- 
Intion  of  the  viigiiM  in  the  neck  are  conipHruhle  not  so  much  with 
Lliecontr.u:ti<>aofa!«k«letal  niusele  wlien  itct  motor  nerve  ittHtinui- 
Jated  as  with  tlie  Iteiits  which  may  l>^  called  forth  in  an  inliib- 
it«d  or  otherwise  quiescent  heart  by  stimulation  of  the  cardiac 
augmenior  libr&t. 

Indeed  we  may  perhaps  c-all  the  vngus  fibres  which  pass  to  the 
«tomach  and  intestmea  augmentor  fibres  rather  than  motor  tibrcs. 
We  have  all  tlie  more  re;iHoii  to  do  so  since  there  exist  companion 
but  antAgonistiu  inhibitory  fibres.  If  white  lively  peristaltic 
action  is  going  on  in  the  bowels,  tlie  spluneliulc  nerves  be  stimu- 
lated the  bowels  are  brought  to  rest,  often  in  a  very  abrupt  and 
marked  manner.  Inhibitory  filires  Itierefore  run  in  the  ttplancb- 
nic  nerves,  Fig.  84,  Spl.  maij.  and  min.,  passing  along  them 
from  the  spinal  cord  to  the  al>dominal  plexites,  and  thence  to 
the  alimentary  canal. 

This  view  however  tliat  the  movements  of  the  alimentary 
umul  arc  of  a  sjiontancous  nature,  simply  augmented  on  the 
one  hand  and  inhibited  on  tlic  utiier  by  tne  central  nervous  sys- 
tem, can  only  be  apjilied  Ui  tlie  middle  regions,  to  the  stomach 
and  int«!*linefl  in  wtiich  peristaltic  action  is  seen  in  ite simple  form. 
At  the  beginning  of  the  alimentary  c^tnul,  at  the  mou(h  )iii<l  pliar* 
ynx  and  also  at  the  tpsophiigua,  the  centi-ai  nervous  system  iiiler- 
veoes  in  a  decided  manner  :  the  movements  of  these  parts,  as  we 
hare  seen,  are  carried  out  directly  by  the  central  nervous  t^-B- 
t«m.  Something  similar  is  aluo  seen  at  the  end  of  the  canal,  at 
the  rectum  and  sigmoid  fiexvire.  These  parts  are  governed  on 
tlie  one  iiand  by  Abrcs  rc4icliiug  them  from  the  lower  regions 
of  the  conl  by  llie  sympathetic  system,  by  the  hy[Migastrie  nerves 
and  hypogiuttric  plexus,  and  on  the  other  hmid  by  fibres  ivachiiig 
them  along  certain  cerebro-spinai,  namely  snera'l,  nervca  ( in  the 
dog  the  second  and  third  sacral  nerves)  by  the  branches  of  these 
nerves,  called  nerrt  erigtntea  (Fig.  84).  And  the  government  by 
these  nerves  Is  one  in  which  the  movements  are  directly  carried 
out  by  means  of  the  central  nervous  system. 

Hence  this  is  the  part  of  intesliiiul  movement  which  fails  in 
disKOWM  of  tJie  oentral  nervous  system;  the  failure  leading  lo 
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ob(itiiiat«  constipation  if  not  to  uctual  difficulty  of  deffecation. 
Th«  pnjjwuce  of  fasces  in  the  si]*ntoid  flexure  no  longer  utirs  up 
Uie  retlex  nieehaiit.>ini  for  tlieJr  diwlmrj>u;  mvaiiwhilu  the  more 
indepeniltriit  movement*  of  the  hieher  parts  of  the  canal  con- 
tinue to  drive  the  content*  onwaril;  and  lienoe  the  fa-ccs  accu- 
mulate in  the  sigmoiil  flexure  and  colon  awaiting  the  delayed 
action  of  the  imperfect  reflex  mechanism. 

With  regard  to  the  exact  mauuei-  ia  which  the  pregenoe  of 
fo(Hl  acta  as  a  stiniiUus  it  may  be  worth  while  to  remark,  tliat, 
tJioiigh  in  the  stomach  as  we  have  suen  mere  fulness  is  not  the 
eftieieiit  cause  of  the  movements,  since  thcwr  Ijcconie  more  active 
as  digestion  proceeds  and  thfl  hnik  of  the  contents  diniimshea. 
yet  in  the  inl«stine  dlttensioii  of  the  bowel  up  to  cerhiin  limits 
most  distinctly  increases  the  vigour  of  the  moventents  just  us 
distension  of  the  cardiac  cavities  within  certain  limits  impruveft 
the  cardiac  stroke.  This  is  well  seen  in  obstruction  of  the 
bowels,  in  which  cases  the  bowel  distcuded  alxtve  the  obstnio 
tion  is  frequently  thrown  into  violent  i«rrist*iltic  movrment^t, 

§227.  Next  to  the  prepuce  of  food  in  tlie  interior  of  the 
alinientiiry  ctnixl,  a  deficient  oxygenation  of  tlie  blood  supplied 
to  the  ualls  of  the  canal  or  i!ie  sudden  cutting  off  of  the  supply 
of  blood,  may  be  regarded  as  the  most  powerful  provocatives  of 
peristaltic  action.  When  the  aorta  is  chunped  or  when  the 
respiration  is  seriously  interfered  with,  peristaltic  movements 
become  very  pronounced.  Thus,  in  death  by  asphyxia  or  suf- 
focation, an  iuvoluntary  discharge  of  fai-es,  which  is  iu  part  at 
least  the  rosidt  of  iiiereioieil  peristaltic  net  ion,  is  not  iin  unfre- 
quent  result;  and  the  murked  |>erist<iltie  movements  wbicli  un- 
s»  frequently  seen  in  an  animal  when  the  abdomen  is  laid  open 
immecfiately  after  death,  apjtear  to  be  due  to  the  cessation  of 
the  circulation  and  the  consequent  failure  in  the  supply  of  blood 
to  the  walls  of  the  alimentary  canal  and  not.  as  has  been  sug- 
gestc<l.  to  the  contact  with  air  of  the  |H.-ritoneul  surface.  Since 
it  is  blood  which  brings  oxygen  to  the  tissues,  failure  in  the 
supply  of  blood  is  tiintumouut  to  failure  in  the  supply  of  oxy- 
gen ;  but  the  blond  cui'rent  brings  other  things  besides  oxygen 
and  also  takes  things  away ;  and  the  failure  of  this  action  aJsn 
probably,  as  well  as  failure  in  the  supply  of  oxygen,  provoke 
the  movements  in  question. 

The  movements  thus  produced  are  to  some  extent  the  result 
of  the  deficient  supjily  ot  bhwd  acting  dir«*etly  on  Ihe  walls  of 
the  canal,  though  in  asphyxia  nt  all  events  this  effect  may  be  in- 
creased by  the  too  venous  blood  stimulating  the  central  nervous- 
system  and  thus  sending  angmeninr  impulses  down  the  >'agU8. 

With  regard  to  the  mode  of  action  of  the  drugs  which  promote 
peristultic  action  it  will  be  sufficient  here  to  say  that  while  some 
such  IIS  nicotine  appear  to  act  directly  on  the  walls  of  the  i*anal. 
others  siu-h  us  slryehuiu  produce  their  effect  chiefly  by  acting 
through  tlie  central  nervomt  system. 


SBC,  6.    THE    CHANGES    WHICH    THE    KOOD    UNDER- 
GOES  IN   THE   ALIMENTARV   CANAL, 


§  223.  Iliiviiig  Kludied  the  properties  of  tliu  tlif^estive  juic«s 
a«  exhibit«<I  mitttide  Die  body,  tuxa  the  vnriotis  meohaoisius  by 
ineaiut  of  which  the  fooci  introdticect  into  the  body  ik  brought 
under  the  iufiuence  of  those  jiiicea.  we  have  now  to  consider 
what,  as  matters  of  fact,  arc  the  actUB)  changes  which  the  food 
does  undergo  in  jiaHsiiig  along  the  alimentary  canal,  what  are  the 
atv[Nt  by  which  tli«  contents  of  the  catiul  are  gradually  converted 
into  fiecvu.  Thv  cvvnts  which  lead  to  this  cotivvrtiioa  are  two- 
fohl.  On  the  oue  band  the  digestive  juices  do  bring  abouU 
inmde  the  alimentnry  canal,  changes  which  in  the  main  ai-e  the 
name  as  thoite  oliserved  in  laboratory  experiments  ontttide  the 
l»ody  and  descrilj^d  in  previous  aertions.  though  the  resnltB  are 
somewhat  modified  by  the  apecia!  conditions  which  obtain  within 
the  body.  On  the  other  nand  absorption,  that  is  to  aav,  the 
pasNige  from  the  interior  of  the  canal  iiito  tbe  blooil  vessels  and 
fymphuticK,  of  digested  matvriitt  in  comiHin}'  with  water,  is  going 
■in  along  the  whole  length  of  the  cunni,  uid  especially  in  the 
yinall  und  larj^  intestines.  It  will  be  iH>nvenient  to  couHoe 
oaraelves  at  present  to  the  study  of  the  firnt  chiKA  of  events,  the 
oltanges  effected  in  the  canal,  mi>rely  noting  tht;  disanpeai-aiice  of 
this  or  that  product,  and  deferring  the  dimcult  problem  of  how 
ab8ori>tion  takes  idace  to  a  subsequent  and  separate  discusaion. 

Ih  thf  moalh  tile  presence  of  the  food,  assisted  by  the  niove- 
inents  of  the  jaw.  causes,  as  we  have  seen,  a  (low  of  salira.  By 
iiuisticiition,  and  by  the  addition  of  mucous  saliva,  the  food  U 
broken  into  small  piix'e:<,  nioistenHl.  and  gathered  into  a  conve- 
nient Ik>Uis  for  deglutition.  In  man  some  of  the  starch  is.  even 
during  the  short  stay  of  the  food  in  the  mouth,  converted  into 
sugar ;  for  if  boiled  starch  free  from  sugar  be  even  momenlarily 
held  in  the  mouth,  and  then  ejected  into  water  (kept  boilintf 
to  destroy  the  ferment)  it  will  be  found  to  contain  a  decided 
amount  of  sugar.  In  many  animals  no  such  change  takes  place. 
The  viwid  suliva  of  the  dog  serves  nluxisi  solely  to  assist  in 
deglutition;  and  even  the  lunger  xtiiy  which  food  makes  in  the 
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mouth  of  the  horse  is  insufficient  to  produce  any  marked  con- 
version of  the  stareli  it  may  contain.  During  the  rapid  tranRit 
through  thu  <Etophaiju»  no  uppreciablc  change  takes  place. 

Tuv  amount  of  ubHurptiou  of  digvst«d  uat^^rial,  or  even  of 
simple  wat«r  from  the  mouth  or  <je«o|^agiis,  must  alwayo  be 
liuiguiticaDt. 

The  Changta  in  Ike  Stomach. 

§  229.  Th*!  arrival  of  ths  food,  the  reaction  of  which  is  cither 
mtturallv  ftlkaliiifl.  or  ii*  made  alkaline,  or  at  leiv«t  i.s  reduced  in 
acidity,  hy  the  addition  of  caliva,  causes  a  flow  of  gastric  juice. 
'I'blti,  already  commencing  while  tlje  food  is  aa  yet  in  the  mouth, 
increases  as  the  food  accumulates  in  the  stomach,  and  as.  by  tha 
churning  gastric  mowmoutu,  one  pstrt  after  another  of  the  food 
is  brought  tuto  coulact  with  the  mucuiis  membrane. 

The  characters  of  the  juice  apjwar  to  change  somewhat  as  tli« 
act  of  digestion  proceeds.  The  amount  of  pepsin  in  the  gikslno 
contents  increases  for  some  time  after  food  is  taken,  and  prob* 
ably  the  actual  secretion  increases  also.  The  acidity  of  the 
gastric  contents  is  at  first  very  (oehic  ;  indeed  in  man.  in  some 
cases  at  leiisl,  for  some  litllu  time  aftvr  the  beguiiiiug  of  a  meal 
no  free  acid  is  pretient,  and  during  Uiis  i>eriod  the  convention  of 
starch  into  sugar  may  continue.  This  condition  however  is 
temporary  only ;  very  soon  the  contents  become  acid,  arresting 
the  atHion  of  and  ultimately  destroying  the  amylolytic  ferment ; 
and.  since  the  rate  of  the  secretion  of  acid  appears  to  be  fairly 
constant,  the  contents  of  the  stomach,  unless  fresli  alkaline  fooii 
be  taken,  become  more  acid  us  digestion  goes  on. 

The  gross  effect  of  gastric  digestion  is  to  break  up  and  partly 
to  dissolve  the  Inrger  lumps  of  maAticnted  food  into  a  tliick 
greyish  soup-liko  liipiid  i^alled  ekt/jtin.  with  which  are  .still  mixed 
in  variable  t^uantity  larger  and  smaller  masses  of  less  changed 
food.  This  is  the  result,  partly  of  the  solution  of  proteid  mat- 
ters, partly  of  the  solution  of  the  gclatiniferous  connective-tissue 
holding  the  proteid  elements  together.  In  a  fragment  of  meat, 
for  instance,  the  muscular  fibres,  through  the  solution  of  the 
connective-l i.-isue  biuiling  them  together,  fall  asunder,  the  sjireo- 
lemma  is  diKsnlved,  :>iiil  the  tilm^s  themselvet*  split  up  »omi-Linies 
longitudinally  but  most  freijuently  by  transverse  cleavage  into 
discs,  and  are  ultimately  more  or  less  reduced  partly  into  a 
granuhir  mass.  [>artly  to  actual  solution.  In  a  piece  of  tissue 
containing  fat,  the  cuiiiiective-tissue  binding  the  fat  cells 
together  and  the  envelopes  of  the  fat  cells  are  dissolved,  so  that 
the  fat.  fluid  at  the  temjierature  of  the  body,  is  set  free  fnim 
the  individual  cells  and  runs  together  into  larger  and  Miialler 
masses.  In  vegetable  tissue  the  proteid  elements  are  in  pArtl 
diiisolvcd  and,  though  there  is  no  evidence  that  in  man  celluloso 
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is  diBKlved  in  the  ittomnch,  the  whole  tissue  is  softened  and  to 
a  certain  oxtviit  disiiitegriited.  Milk  i*  (.'iinllt-d  iiiid  the  curd 
subMquctitU'  uiOTv  or  le.wt  dissolved. 

The  illicit  souji-like  acid  chyme  conai»tit  accordingly  pjirtly  of 
BUbstanees  which  Itavo  entered  into  actual  iiolution,  pnrtly  of 
mere  particles  or  dn>i>let»  of  proteid.  fatty  or  other  nature  and 
partly  of  masReH  itmal]  or  great,  which  may  be  recognised  under 
the  n;icroscoi)e  as  more  or  Ivsn  changed  porlionti  nf  animiil  or 
vegetable  tissui-.  Tlif  uiiiount  of  niatorKil  uctually  dissolved 
is  in  most  specimcii«  of  cliyine  extcodingly  small.  When  the 
solid  part})  are  ri-moved  by  tiltnition  llm  cb-ar  liltrale  i-ontains 
besides  sdtis  pepsin  and  free  hydrochloric  aciil  (the  constilucntB 
of  the  gastric  juice),  a  small  amount  of  sugar,  of  «omn  of  Ui« 
bye  pro«luclit  of  proteid  digestion,  and  of  altiumose  and  jieptoue. 
The  sugar  is  often  absent,  and  the  amount  of  peptone  (or 
albumose)  is  always  small. 

During  gastric  digestion  the  chyme  thus  formetl  is  from  time 
to  time  ejut'led  through  the  pylorus,  accompanied  by  even  large 
niorsL-ls  of  solid  b'8S-dtge!*(e<l  matter.  This  may  occur  within  a 
few  minutes  of  food  having  l^een  taken ;  but  the  larger  escaiM! 
from  the  Blomach  probably  does  not  in  man  begin  fill  from  one 
{a  two.  and  lasts  from  four  to  five  hours,  after  the  meal,  becom- 
ing more  rapid  towards  the  end.  and  such  pieces  tu*  ai-e  tlie 
least  broken  ui>  by  the  gastric  juice  and  movement*  being  the 
last  to  leave  the  stomach.  Water  taken  by  itself  appears  to 
bo  passed  on  at  once  into  the  small  intestine. 

The  time  taken  tip  in  gastric  digestion  jiroliably  varies  in  the 
same  animal  not  only  with  different  articles  of  food  but  abio 
with  varying  conditions  of  the  stomach  and  of  thu  bo<ly  at  large. 
In  diffi-n-nt  animals  it  varies  very  considerably,  being  from  12 
to  '24  hours  in  the  dog  afier  a  full  meal,  while  the  stomaclm  of 
rabbits  are  never  empty  but  always  remain  largely  tilled  with 
ffHKl.  even  during  starvation.  In  man  the  stomach  probably 
becomes  empty  between  the  usual  mc4ilB. 

The  total  amount  of  change  which  the  food  undergoes  in  the 
Homach,  that  is  the  slinrc  taken  by  the  slomnch  in  tlie  whole 
work  of  digestion,  seems  to  vary  largely  in  different  nnimals, 
and  in  the  K.\me  animal  differs  according  to  the  nature  of  the 
meal.  In  a  dog  fed  on  an  exclusively  meat  diet,  a  very  large 
part  of  the  digestion  is  said  to  be  carried  out  by  the  stomaco, 
very  little  work  apparently  being  left  for  the  intestines ;  that  is 
to  say,  the  larger  part  of  the  meal  is  reduced  in  the  stomach  to . 
actual  solution  and  a  cousidemble  quantity  it)  probably  absorbcil 
directly  from  the  stomach.  In  Hucb  ('<we«  the  amount  of  (»:■))- 
Irnie  found  in  the  fttoinacb  <biring  the  digestion  of  the  meal  is 
found  l4>  lie  fairly  constant,  from  which  it  may  be  inferred  that 
the  peptone  Is  absorl>ed  f«o  soon  as  it  is  formed.  There  ia  also 
evidence  that  fat  may  to  a  certain  extent  undergo  in  the  atom- 
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nch  cliaogfHi  leading  to  eiiiiil»ion,  nimilar  to  those  wliich,  as  we 
hIiuU  (too,  are  carried  out  in  the  8niall  intestine. 

But  nut'l)  cades  as  those  caunot  be  regarded  as  typical  cases  of 
eustric  digt^stiun,  uiid  iu  man,  nt  all  cvcuts,  living  on  a  mixed 
ui<^l  tho  work  uf  Lhv  hIouiucIi  a|)|m»rs  tu  hv  to  a  large  vxt«at 

Iireimratory  only  to  the  Piibstqiiciit  laltuura  of  the  int^ttliue. 
t  is  true  that  our  infnnnatioii  on  this  matter  is  impt^rfect, 
Ijoing  chiefly  drawn  fn>ni  tlie  study  of  easen  of  ga«itric  ()r  duo- 
donul  fistula,  in  which  probably  the  order  of  things  is  not 
normal,  or  being  in  large  measure  deductions  from  experiments 
ou  uiiiiiials,  wliuso  economy  in  this  respect  must  be  largely  dif- 
ferent from  our  own;  but  vrv  an-  probably  safe  in  concluding 
Uiat,  in  ourselves,  tliv  eliief  i-ffecl  of  gastric  digeatiou  is  by 
nieaiut  of  the  disinlogrution  .'tjxiken  of  »t>ov«  to  reduce  the 
lum|>.<<  of  foixl  to  the  more  uniform  chyme  and  mi  to  farilitatv 
tliv  changes  which  take  place  in  the  small  intestine.  During 
(hat  di8U]t«grutiun  some  of  the  prot«id  in  the  meal  is  con- 
wrtod  into  p«pton« ;  and  the  peptone  so  fonm.'d  is  probably 
ahisorbti^l  at  uncv ;  but  much  protvid  n'mains  unchanged  or  at 
least  is  mil  couverttnl  into  peptone,  and  the  fal#  and  slarvbes 
undergo  in  tlHtmselves  very  little  change  indee*!. 

In  the  act  of  sn'allowing.  no  ineonsiilerable  quantity  of  air  is 
dtrried  down  into  the  stomach,  entangled  in  the  saliva,  or  in  the 
food.  This  is  returned  in  eructations.  When  the  gas  of  erue- 
t«ticMl  or  that  obtiunw)  dirvctlv  from  the  stomach  is  examined, 
it  is  found  to  coiiiust  chiefly  of  nitrogen  aud  carbonic  acid.  th« 
oxyg«u  of  the  atuKNKtheric  air  having  been  hugely  abaoriwd. 
In  most  oases  the  carboutc  acid  is  derived  by  idmple  diffunoo 
from  the  blood,  or  from  the  tissues  of  the  stomach,  which  siiD* 
ihtrly  take  up  the  oxyg«n.  Iu  many  cases  of  Satulency.  boveTer. 
it  may  arts**  from  a  fermentatii-e  decomposition  of  the  sugar 
which  has  been  taken  us  such  iu  food  or  which  lias  been  produced 
from  the  starch,  the  ga«  being  ^ther  formed  in  th*^  Mmaaefc  or 
passing  upwards  from  Ote  intestiiM  through  tlte  pykma. 

The  enonnous  quantity  of  g%s  which  ia  diaeuugad  ihxtmA  ■ 
the  mouth  in  cases  of  hysterical  Aatolency,  erai  im  a  peffcew ' 
empty  stomach,  and  which  seems  to  coosist  hugdy  of  carfMcuc 
acid,  presents  difficulties  in  the  way  of  explanatina ;  it  is  pos- 
sible that  it  m«y  be  simply  diffiunl  froia  the  blood,  bot  it  ia 
aba  possible  that  in  mauy  emabs  it  is  derived  frm  air 
the  patient  Itas  hy^uericaUr  awaUowrd.  the  oxygen  havtng  I 
KOBOVed.  iu  the  stoanch.  by  abMcptioD  and  rcplMed  by  < 
acad. 

it  rJU  Sm^a  ImUatmt. 

%  aSOi  The  wflU-digerted  acid  food,  or  chrme,  as  ii  paa 
over  the  btlianr  orifics,  caoae*  a*  m  have  acB  <$  S15>  gasj 
of  bOe.  and  at  the  sum  time  tks  psMnalie  jnoe  liows  inta  i 


<;k*p.  I.]  TISSUES  AND  MliCtlAlJI::^SlS  OF  DIOKSTION.    391 

iii(«»tine  freely.  These  two  iilkaliiit!  Ilui(t»,  uspeviully  the  more 
tttrongly  and  cniuilantly  alkaline  iiiincreiitic  juice,  tend  lo  aeu- 
tralize  the  acidity  of  the  ch\iue.  but  the  contents  of  the  duo- 
tlenum  do  not  become  diatinctly  alkaline  until  some  dtittaiiee 
from  the  pyloruB  ia  readied.  The  rapidity  witJi  wliich  tlie 
chanjfe  iii  thu  reactioti  iit  cumplet^^'d  is  not  the  same  in  all  ani- 
mals, and  in  the  Miinv  animal  appeiii's  lu  vary  according  to  the 
nature  of  thif  for)d,  and  various  circumstances.  In  man.  liviiif; 
on  a  mixed  diet,  the  contents  have  prolinbly  Iwcume  distinctly 
alkaline  before  thev  have  patiHed  far  down  the  duodenum.  On 
the  other  hand  in  tlogH,  the  content«  of  the  small  intestine  have 
l>eeu  observed  to  be  acid  throughout,  and  that,  not  only  when 
fed  on  starch  and  fat.  whiph  miglit.  hy  an  acid  fermentation  of 
which  wc  shall  presently  speak,  giv«  t'uw  to  an  acid  reaction, 
but  even  wlicu  fed  on  meat. 

The  conversion  of  starch  into  sugar,  which  aa  we  have  si-ou  is 
sooner  or  later  arretted  in  the  stomach,  is  resumed  with  great 
activity  and  indeed  completed  hy  the  p>anereatie  juice,  poKsibly 
assisted  by  the  succns  entericus,  the  presence  of  bile  l>eing  said 
to  increase  the  activity  of  the  pancreatic  amyloly  tic  ferment.  The 
conversion  begina  as  soon  as  Uie  acidity  of  the  chyme  is  snJli- 
ciently  reduced  an<l  contiuucs  along  tlie  intestine;  portiona 
bowuver  of  still  undigested  starch  luuy  he  found  in  the  large 
intestine,  and  even  at  limes  in  the  fiei^-s. 

The  ]>anereatie  juice,  as  we  have  seen,  emnlittfies  fal«,  and 
also  splits  them  int4)  their  respective  fatty  acids  and  glycerin. 
The  fatty  acids  thus  f*et  free  become  converted  hy  means  of  the 
alkaline  contents  of  the  intestine  into  soaps ;  but  to  what  extent 
sapoiiilleation  thus  takes  place  is  nut  exactly  known.  Undoubt- 
edly BOMps  have  to  a  small  extent  been  found  both  in  gjortol 
blotxl  and  in  (lie  thoracic  duct  aflvr  a  meal ;  but  there  is  no 
proaif  that  any  large  quantity  of  fat  is  introduced  in  this  form 
into  the  eirenlation.  On  the  other  hand,  the  4>resence  of  neu- 
tral fata  in  the  lacteals,  and  to  a  slight  extent  in  portal  hlood, 
is  a  conspiciioiia  reault  of  the  digestion  of  fatty  matters ;  and 
in  all  probability  BapoRiticati<m  in  the  intestine  is  a  subsidiary 
process,  the  effect  of  which  is  rather  to  facilitate  the  emulsion 
of  neutral  fats  than  to  introduce  soaps  as  such  into  the  blood. 
For  the  presence  of  sulubk*  80ii|>s  favours  the  ennilsion  of  neu- 
tral fatA.  Hence  a  ruucid  fat.  i.e.  a  fat  containing  a  certain 
amount  of  fre«  fattv  acitl.  forms  an  emulsion  with  an  alkaline 
fluid  more  readil)'  tlian  does  a  quite  neutral  fat.  A  drop  of 
rancid  oil  let  fall  on  the  surface  of  an  alkaline  tlaid,  auqh  as  a 
solution  of  sodium  cartmnate  of  suitable  strength,  rapidly  forma 
a  broad  ring  of  emulsion,  and  that  even  witbout  the  least  agi- 
tation. As  sapcmiflcation  takes  place  at  the  junction  of  t)m 
oil  and  alkaline  fluid  currents  aru  t«ft  U]i,  by  which  globules  of 
•oil  uv  detached  Xrom  the  main  drop  vud  driven  out  in  n  een- 
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trifugol  direction  ;  the  intensity  of  the  currents  and  the  Conee- 
mient  nmouut  of  emulsion  depend  on  the  concentration  of  (he 
iilknliiie  medium  and  on  the  solubility  of  the  soaps  which  Kru 
formed.  Now  the  bile  and  pancreatic  juioe  siippty  iiist  such 
conditions  as  the  abovo  for  cmulsiomzing  fats  :  they  both 
together  afford  iiii  nUiulint?  meditiui,  the  puncrtrjitic  juice  eivei* 
rise  to  »u  udeqnute  uinnuiit  of  five  fnity  ncid,  and  the  hue  in 
mlditioii  brin^  inlo  soiwtion  the  soapx  an  they  are  formed.  So 
that  we  iiuiy  s|>eitk  of  the  emulsion  of  fatR  in  the  ^inall  intes- 
tine lu*  lieiiifj  carried  on  by  the  bile  and  pancreatic  inice  actint^ 
in  coniimction  ;  and  aa  a  matter  of  fact  the  bile  and  pftncr«atie 
juice  do  largely  emulsify  the  contents  of  the  small  intetttine, 
so  thnt  the  greyish  turbiil  chyme  is  chuiigi-d  into  a  creamy-look- 
inc  fluid,  which  hiu(  l)een  sometimes  culled  chyle.  It  is  advis- 
able however  to  reserve  thut  name  for  the  contents  of  tltelocteals. 
Many  of  the  fiiti*  present  in  fot>d,  for  insttanoe^  iHitter.  already 
conlain  »otne  fatty  acids  when  eaten  :  for  the!«e  fnui  the  initial 
action  of  llie  pancreatic  juice  is  less  necessary. 

Fats  we  may  therefore  say  arc  di^c*teiL  for  this  emulsifies- 
tion  is  the  main  difjestion  of  fal«,  by  lx«h  bile  and  pancreatic 
juice  working  together.  Hence  if  eitlK-r  bile  or  pancreatic 
juice  be  prevcnteil  from  gaining  acee««  to  the  xmall  intestine, 
fat  is  not  digrjtteil.  is  not  alis4irl>ed.  and  appears  in  the  faeces. 
Thi-t  is  tritf  al  least  of  ordinary  fat :  milk  in  which  the  fat  is 
already  eumUilied  may  be  digested  and  absorbed,  in  the  abMOoe 
of  these  secretions. 

§  231.  We  ha\-e  seen.  §  £08,  that  the  addition  of  bOe  to  a. 
dignrsting  mixture  gives  rise  to  a  precipitate.  This  is  partly  a 
coanw  flbcculent  precipitate,  consisting  of  undigvsled  or  par^ 
tially  digested  pntteids  with  some  amotint  of  bile  acwis.  and 
partly  of  a  finer  more  gnuiular  prwipilate.  which  U  longer  in 
nlting  down,  and  consi-tts  chieSy  of  bile  acids  with  a  rariable 
amount  of  peptuoe;  the  latter  is  re-dissolved  on  the  foftfatf^ 
addition  of  bite  even  though  the  reaction  of  the  tnixtore  remam 
aeid.  In  the  upper  part  of  the  duodenum  the  inner  »arfac«.  if 
examine<l  while  digestion  is  ^poii^  on.  is  found  to  be  lined  by 
a  coloured  Hixreulent  and  gianolar  material,  which  is  profaablj 
a  preuipitat*  thus  formed ;  the  pmpoae  of  this  pteei|MtatiaD  is 
probably  to  delay  the  passage  of  tbe  ond^e«t«d  pava^efNaae 
akng  tlie  duixtenuni.  Moreover.  a|>ut  from  thts  fntifitmAm. 
bile  arrests  the  action  of  pepein.  even  white  the  reacticni  of  tfc» 
mixture  still  remains  acid ;  and  as  soon  aa  an  alkaline  nacCna 
is  established  the  pepsin  is  a^iaretitly  destroyed  by  the  bniia. 
an  that  with  the  tluw  of  bile  aM  nawTTalJe  jniee  into  tbe  at^ 
deatim  the  processes  which  tiav<c  been  godtg  on  in  the  ntrmmfh 
ooaae  to  an  end.  In  fact  it  would  seen  tfaat  tbe  jvioes  at  tfe 
various  itirtricts  of  the  alimentaiT  eanal  an  VBbMUy  destnae- 
tiT« ;  thus,  wliile  pepsin  in  an  acid  sohttioa  daatoo^  the  i 
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coDRtitucnts  of  salivii  uuil  of  puncn'stic  juice  (probably  also 
those  of  thi;  Kuot'u»  eritori(^iiK),  U  is  in  il«  turn  nntHgonized  or 
(Ivstroyed  by  liie  bilt*  iuicl  the  c)ther  alkiilint;  juices  of  tlit-  iiiten- 
tine.  Hence  iiiuu-realic  juioe  introiliiood  ihnniRh  ihc  mouth 
must  litae  its  jHiwei-s  in  tlit!  stomaoii  ami  can  only  bv.  of  luu;  as 
•n  alkaline  iiiecliuni  containing  <.-ertaiu  prnleiil  matters.  On 
the  otJier  hand  if.  an  vrv  liavu  reonoQ  to  believe,  the  c(>nt«nt«  of 
the  stomach  as  tbi-y  isHuc  from  the  pylorus  still  contain  a  Iftree 
quantity  of  umligfstiHl  prutvids,  these  must  Ix-  digested  by  the 
pancrt-a tic  juice  (with  or  without  tliv  iiKsiiititncc  of  the  succus 
rntL-rii-us),  the  action  of  which  MceiUK  to  be  luutistetl  or  at  least 
not  hiudvred  by  bile.  And  in  dogs  fed  thiYmgh  u  <luod(.-nal 
fistula,  wi  tlint  «11  gastric  digestion  is  excluded,  pmteiils  are 
completely  digested  and  give  rim  to  quite  normal  fsace«.  To 
what  stage  tJie  |)anctt- atic  digestion  is  carried,  whether  peptone 
is,  practically,  tlie  only  product,  or  whether  the  pancreatic  juiee 
in  the  body,  us  out  of  t)ic  body,  carriiw  on  'ix»  work  in  the  more 
destructive  form,  whftrchy  the  pn>l«id  material  subjected  to  it 
is  so  broken  down  as  to  give  rise  to  nppi-eciahle  (imuitilies  of 
leucin  and  tyi-osin.  is  at  present  not  exactly  known.  Lt^uein 
and  tyrosin  have  been  found  in  th»  intestinal  contents, and  mi«y 
tJierefore  be  formed  during  normal  digestion,  but  whether  an 
insigniticant  quantity  or  a  considerable  quantity  of  the  proteid 
material  of  footl  is  thus  hurried  into  a  orystalHue  form  cannot 
be  delinitely  stated.  The  extent  U>  which  the  action  is  carried 
is  probably  different  in  dilTerent  animals,  and  probably  viirics 
aleo  aovordinf^f  to  tlie  nature  of  the  meal  and  the  condition  of 
the  bo<ly.  I'oKsibly  when  a  large  and  unnecessary  quantity  of 
proteifl  material  is  taken  at  a  meal  together  with  other  aub- 
staoces,  no  iQcoiiBiderublc  amount  of  the  proteids  undergo  this 
profound  change,  and.  a»  we  shnll  see.  rapiiUy  leave  the  body  as 
area,  without  having  been  used  by  tlic  tissues,  their  contribution 
M  the  energy  of  the  body  Ijeing  limited  to  the  heat  given  out 
during  the  changes  by  which  they  are  converted  into  urea.  To 
this  ftpparentJy  wasteful  u-se  of  proteids  we  shall  return  in 
•peaking  of  what  is  called  the  'Inxus  consumption  '  of  food. 

§  232.  In  flealing  with  the  action  of  pancreatic  juice  we 
drew  attention.  §  210.  to  the  difference  Ijctwcen  the  re«ulta  of 
pure  tryptic  digestion  and  those  obtained  when  bacteria  or  other 
micn>-organisras  were  alloweil  to  lio  present.  We  saw  tliat  iridol, 
for  example^  wa.s  the  protlnct  of  the  action  of  these  oi^nisuis, 
not  of  lry)wiii.  Now  indol  is  formed,  in  varying  qu.'vntity.  dur* 
ing  the  digestion  which  actually  takes  place  in  the  intestine, 
some  of  it  at  timra  annearing  m  the  urine  as  indigo-yielding 
substance  (indican).  Nion-over  bacteria  and  other  micro-organ- 
isms are  present  in  the  intestinal  contents.  Hence  we  must 
regani  the  ehangi'^t  taking  place  in  the  intestine  not  as  the  pure 
results  of  the  action  of  the  Meveral  digestive  juices,  but  as  theiie 
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results  mcMlilied  by  or  mixed  with  tlie  resralts  nf  the  actiou  of 
iiiicro-organisiHH.  We  spoke  above,  g  208.  of  bile  as  l>eiiig  anti- 
septic, but  this  must  be  understood  as  meaning  not  that  the 
presence  of  bile  sirresta  the  action  of  all  micro-organisms  within 
tJie  intestines  but  that  it  niudttius  their  actiou,  keeping  it  within 
certain  limits  and  uloug  certain  lines. 

Conevrniug  the  uxuet  nature  and  extent  of  tlie  changes  thus 
due  to  micro-oi^Hjiisnw  our  knowledge  is  at  pi-esent  very  im- 
perfect. The  proteids  au<l  the  carbonydrate«  seem  to  be  til© 
food  stuffs  on  which  these  organisms  produce  their  chief  efTeot. 
Out  of  the  proteids  they  give  rise  not  only  to  indol  but  to  several 
other  com  pounds,  among  which  may  be  mentioned  phenol 
(CglljO),  of  which  a  small  quantity  may  be  recognized  in  tlio 
laws,  the  rest  being  iibsorbcd  urul  apj^eariiig  in  tlie  urine  in 
the  form  of  certaiLn  phenol -compounds,  such  as  phenyl -sulphuric 
ucid.  Out  of  jirotcids  they  may  also  form  tlie  peculiar  poison- 
ous Imdies  callecl  ptomaines,  which  appear  in  the  ordinary  putre- 
faction of  proteids.  Hut  their  most  cohspicuous  effects  are 
those  on  the  carbohydrates.  As  the  food  descends  th«  intestine, 
the  presence  of  lactic  acid  hecomcs  more  and  more  obvious; 
indeed  in  sume  ciises  t)iu  naturally  alkaliue  reaclioit  of  the  tn- 
textinul  contents  may  in  the  lower  part  of  the  intestine  be 
changed  into  an  acid  one  by  the  presence  of  lactic  acid.  Now 
lactic  acid  may  lie  fonned  out  of  sugar  by  means  of  a  special 
organism  inducing  what  is  spoken  of  as  the  lactic  acid  fermen- 
tation. And  we  have  every  reason  to  believe  that  in  e%'en 
normal  digestion,  a  certain  quantity  of  sugar,  either  eaten  aa 
such,  or  urixtng  from  the  araylolytie  conversion  of  starch,  does 
not  pajis  uway  from  the  intestine  into  the  blood  as  sugar,  but 
undergoes  this  fennentation  into  lactic  acid.  To  what  extent 
this  change  tAkes  place  we  do  not  know;  the  amount  probably 
varies  according  to  the  amount  of  carbohydrates  eaten,  the  con- 
dition of  the  alimentary  canal,  and  other  circumstances.  It 
may  be  under  certain  circumstances  simply  u  part  of  normal 
digestion;  under  other  vircumstances  it  may  be  excessive  Kud 
give  rise  to  troubles. 

That  fermentative  changes  may  occur  in  the  small  intestine 
is  further  indicated  by  the  facts  that  the  gas  there  present  may 
wmtaiu  free  hydrogen,  and  that  chyme  after  removal  from  the 
intestine  continues  at  the  temperature  of  the  body  to  jiroduce 
carbonic  acid  and  hydrogen  in  equal  volumes.  This  suggests 
the  possibility  of  the  sugar  of  the  intestinal  contents  nnder- 

Eing  t)ic  butyric  acid  fermentation  during  which,  as  is  well 
own,  carlxmic  anhydride  and  hydrogen  are  evolved.  By  this 
change  the  sugar  is  removed  from  the  carbohydrate  group  into 
the  fatty  ucid  group :  it  Is  thus,  so  to  sjieak,  put  on  its  way  to 
become  fat.  Wo  shall  sec  hereafter  that  sugar  may  be  some- 
where in  the  body  converted  iuto  fat :  this  coiiversiuu  however 
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takflii  iilace  chiefly  if  not  wliolly  in  the  tiisueH.  and  euch  change 
aa  may  take  place  in  tlie  uliim-ntary  canal  is  to  bv  regarded  as 
suggestive  ratlior  than  as  impurt^iiit. 

Th«  hydro^^en  thuis  occurring  in  the  inttMitiiiv  may  also  uriiic 
from  th«  jn-oieid  deci>niiioi*itions  Hjioken  of  abtiw.  Howevor 
arising,  il  may  act  hh  a  reducing  a^ent,  reducing  Knl])hates  for 
tniitaiioe,  and  thuit  giving  rise  to  diuphides  and  to  sulphuretted 
li jdrngen ;  an  a  reducing  agent  it  assists  in  tlie  formation  of 
the  fiscal  and  urinary  pigntcnts. 

Thus  during  the  tmnsit  uf  the  food  thr^iugh  th«  Kmall  intes- 
tine, by  the  actiuu  of  thv  hilu  and  imiicreatic  juice,  and  jHissibly 
to  some  extent  of  the  siiccus  enltjricus,  Mssisted  hv  various  tiiicro- 
orgauixius,  the  moteid«  are  laig«ly  dissolved  and  converted  into 
peptone  and  other  products,  the  starch  is  cluinged  into  sugar, 
the  sugar  possibly  lieiug  in  part  further  converted  into  lactic 
or  other  acids,  and  tlie  fats  are  largely  emulsified,  and  to  some 
oxt<?ut  saponilied.  These  products,  as  they  ue  formed,  pass 
into  cither  the  laeteiils  or  tlie  portal  blood  vessclB.  so  that  the 
contents  of  the  small  intestine,  by  the  time  they  reocli  the  deo- 
cKail  valve,  are  largely  but  by  no  means  wlmlly  deprived  of 
their  nutritious  constituents.  So  far  as  water  is  (concerned, 
the  secretion  of  water  into  the  small  intestine  maintains  such  a 
relation  to  the  al>sorption  from  it  that  the  intestinal  contents  at 
the  end  of  the  ileum,  though  much  changed,  are  about  as  fluid 
as  in  the  duodenum. 

Ih  the  Larfft  InUttine. 

§  233.  The  contents,  whether  alkaline  or  not  in  the  ileum, 
now  become  once  more  distinctly  acid.  This,  however,  is  not 
CMlSed  by  anj'  acid  Hccretion  from  the  mucous  membrane  :  the 
rmetion  of  the  intextinitl  walls  in  the  large  as  in  the  small 
intestine  is  alkaline.  It  must  therefore  arise  from  acid  fermen- 
tations eoing  on  in  the  contents  tliemselves,  and  that  fermen* 
tations  uo  go  on  is  shewn  by  the  appearance  of  marsli  gas  as 
well  OS  hydrogen  iu  this  portion  of  the  alimentary  canal.  The 
character  aud  nnioimt  of  fermentation  probably  depend  largely 
on  the  mttum  of  tti«  food,  and  probably  also  vary  iu  different 
animals. 

Of  the  particular  changes  whieh  lake  place  in  the  large  in- 
testine we  nave  no  very  deflnite  knowledge ;  but  since  such 
secretions  as  are  afforded  by  the  walls  of  the  intestine  itself  do  not 
seem  to  contain  any  ferments,  wc  may  conclude  that  the  changes 
which  do  take  place  are  effected  by  miero-orgnnisms.  It  is 
exceetlinglj'  protuible  that  in  the  voluminous  ciecum  of  the  her* 
bivora  n  large  amount  of  digestion  of  a  [leculiar  kind  goes  on. 
We  know  that  in  herbivoni  a  coiwidemhie  quantity  of  (-ellulose 
disappears  in  passing  through  the  alimentury  €»nai.  and  even  in 
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man  some  is  digested.  It  seems  probable  that  this  cellnlose 
digestion  takes  place  in  the  large  intestine,  and  is  the  result  of 
fermentative  changtis  carried  uut  by  moana  of  micro -organ  isms, 
marsh  gas  being  one  of  tb«  pmcliicls  forintd  «t  the  same  time. 

Uo  this  us  it  may,  wbvther  digttnliori,  pmiwrly  so  called,  is  nil 
but  complete  at  the  ilen-caLical  valve,  or  whethei-  importiint 
cliun(*e)(  still  await  the  chyme  in  the  large  intestine,  one  great 
cbnractenstie  of  the  work  done  in  the  colon  is  absorption.  By 
the  iibstranlion  of  all  the  soluble  constituents,  and  especially  by 
the  withdrawal  of  water,  tlie  liquid  chyme  l»ecomes  as  it  ap- 
proaches the  rectum  eonverted  into  the  firm  solid  faeces,  and  tho 
colour  sbiftt  from  the  bright  orange,  wliitdi  tho  grey  cbyme 
gradually  assumes  after  admixture  with  bile,  tuto  a  diirker  juid 
dirtier  brown. 

The  Faces. 

§  234.  Tliflse  consist  in  the  fiint  place  of  the  indigestible  and 
undigfsled  constituents  of  the  meal :  shreds  of  elastic  tis!<He, 
bair.s  and  other  horny  elements,  much  cellulose  and  chlorophyll 
from  vegetable,  and  some  connective-tissue  from  animal  food, 
fragments  of  disintegrated  muscular  tibre.  fat-cells,  and  not  un- 
frvquenlly  undigested  sbareli -corpuscles.  The  amount  of  each 
must  of  course  vary  very  largely  aecordiug  to  the  nature  of  thft 
food,  antl  the  digestive  powers,  temporary  or  perniauent,  of  the 
individual.  In  the  second  place,  to  these  must  l>e  added  sub- 
stances not  distinctly  recognizable  a»  [larts  of  tlie  food  but  de- 
rived for  the  most  part  from  the  secretions  of  tlie  alimentary 
canal ;  when  a  portion  of  tho  intestine  is  isolated  from  the  rest 
so  that  no  food  enters  into  it,  a  quantity  of  material  accumulatca 
in  the  intiL-rior  an<l  this  in  the  course  of  time  luuiumej)  a  fiucal 
appciinince. 

Tile  ficces  contain  inucua  in  variable  amount,  sometimes  al- 
hnniin.  cholesterin,  butyric  and  other  fatty  acids,  lime  and  mag- 
nesia soaps,  colouring  matters,  and  inorganic  salts,  esj^cially 
earthy  phosphates,  crystals  of  ammonio-magnesia  phosphatea 
lieing  very  conspicuous.  The  reaction  is  generally  but  not 
always  acid.  They  also  contain  a  ferment  similar  in  its  acIJoa 
tu  pepsin,  and  an  amylolytie  ferment  similar  to  that  of  saliva 
or  pancreatic  juice.  The  bile  salts  are  represented  by  a  small 
quantity  of  cholalic  aciil,  or  some  product  of  that  Iwdy,  and 
sometimes  a  very  small  quantity  of  taurin.  The  glyoin  and 
most  or  all  of  the  taurin  have  been  alworlied  from  the  intestine, 
and  the  cholalic  acid  haa  been  partly  absorbed  and  partly  decom- 
posed. The  fact  that  the  faices  becomes  ■  clay -coloured  '  when 
the  bile  Is  cut  off  from  the  intestine  shews  that  the  bUe-pigmeut 
is  at  le-ost  the  mother  of  the  fiecal  pigment;  and  u  s[>ecial  pig- 
ment, which  has  been  isiilaled  and  called  stercubilin,  is  siud  to 
be  identical  with  the  sulMtance  called  urobiliu,  which  may  be 
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fonned  from  Lilirubin.  As  other  apecial  constituents  of  the 
fffices  may  be  mentioned  exeretin,  a  somewhat  complex  nitrog- 
enous body,  whose  exact  chemical  nature  is  at  present  uncer- 
tain, and  tkatol  (C.HgN),  a  nitrogenous  body  which  like  iodol 
is  derived  from  the  decompoBition  of  proteida  by  means  of 
micro-organisms,  and  wliich  is  the  chief  cause  of  the  f^eral 
■odour,  since  only  a  small  quantity  of  indol  remains  ia  the  ffeciis. 
These  odoriferous  bodies  are  derived  directly  from  the  food ;  at 
the  same  time  it  is  quite  possible  that  other  specific  odoriferous 
substances  may  be  secreted  directly  from  the  intestinal  wall, 
especially  from  that  of  the  large  intestine. 
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§  235.  We  have  neen  that  absorption  doe*,  nr  at  least  may, 
take  [>Iace  from  the  fltomach.  We  have  also  stated  that  a  large 
ah-iorjilioR.  especially  of  n-at«r.  occurs  along  the  whole  large 
intestine.  Xeverthtlcss  it  is  durio^  the  transit  of  food  alooff 
the  small  intvKtine  that  the  lar^st  and  most  important  part  n 
tlie  difrcHtcd  matvrial  pawiex  away  from  tlw  canal,  partly  into  the 
lavteals,  |»rtly  into  the  jwrtAl  vesftels.  The  portal  ve««eU  ar« 
simply  i>iirtit  of  tlie  general  vascular  sy!it«n);  the  lacteaU,  into 
wliicti  we  may  at  onoe  xay  tliB  greater  part  of  the  fat  passes,  are 
aimilarly  partH  of  the  general  lymphatic  system,  being  in  fact  the 
lympitatac  vesseU  of  the  alimentary  canal,  and  especially  of  the 
■mall  intestine.  The  only  reaiwn  for  the  special  name  of  lac- 
teals  is  that,  unlike  the  lymphatic  ve«selii  of  other  parts  of  th« 
body,  the  lymphatics  of  the  intestine  contain  at  times  »  fluid  of 
a  milky  white  appearance.  Hence  for  the  better  understand- 
ing of  abiM)r]>tion  by  the  lacteaU  it  will  tie  desirable  to  study  at 
Mome  length  the  whole  subject  of  the  lymphatic  Rystem. 

The  lymphatic  veHsebi  may  be  said  to  begin  in  minute  pas- 
.-tages,  poHseaaing  special  characters,  known  as  Itfrnph-capillariea. 
Broadly  speaking  these  lymph-capillaries  arc  found,  in  Uie  mam- 
mal, in  all  partM  of  the  body  in  which  coonective  tissue  is  found ; 
and  they  have  special  eonnectioiM  with  those  minute  spaces  in 
connective  tlsHue  which  we  tmve  already  mure  than  once  spoken 
of  as  lyinpli-ii]Kice8.  Theite  lymph<apt!liirie^  which  are  fre- 
qneully  arranged  in  plexuses  are  continuous  with  other  pas- 
sages ahto  minute  but  of  a  different  and  more  regular  structure, 
the  lymphatic  veBsets  proper,  which  are  gathered  into  lai^r 
and  larger  vessels,  all  running  like  the  blood  vesf*eU  in  a  beef  of 
connective  tissue,  until  at  last  all  the  lymphatic  vessels  of  the 
body  join  either  the  great  thoracic  duct  which  opens  by  a  valvu- 
lar orifice  into  the  venous  system  at  the  junction  of  the  left 
jugular  and  siibcl»vian  veinK,  or  the  small  lymphatic  trunk 
which  similarly  opens  into  the  junction  of  the  right  jugular 
and  subclavian  veins.  The  large  '.serous  cavities,  peritoneal 
aod  the  like,  are  also  connected  with  the  trmphatics,  and  may  be 
regarded  as  part  of  the  lympliatic  sj'stem. 

ana 
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§  238.  Wc  are  tluis  led  to  regard  tlie  multitudinoua  8pace». 
boll)  Ktnall  »ti<l  great,  of  connective  lissul^  all  over  the  Dodj, 
including  iiiiiong  Uiese  the  "serous  cavities,"  iw  forming  the 
beginniug  or  rootH  of  the  lymphatic  ttysicin.  Into  these  spaces 
certain  parts  of  the  plasma  of  the  hlood  transude  and  so  become 
lymph  J  (how  far  tn«  epithelioid  lining  of  the  large  serous 
cavities  plays  a  distinct  part  In  regulatiug  the  trannudatioii  of 
serous  fluid,  ue.  of  lyiupli  into  those  cavities  we  do  not  know ;) 
from  these  spaces  the  lymph  is  continually  flowing  through  the 
lyinph'CUpillnries  into  the  lyniplmtic  vessels,  and  so  by  the 
thonicic  duct  and  right  lympbatiu  trunk  buck  iuto  thv  olood 
«yKtem. 

The  amount  of  lymph  occnpying  the  lymph-space*.  Ij-niph- 
capillaries,  and  minute  lymphatic  vesaeU  of  iiny  region  viirics 
from  time  to  time  according  to  eircumstances.  A  hand  for 
instance  which  has  been  kept  hanging  down  for  some  time 
becomes  swollen  and  the  skin  tcnsi- ;  if  it  be  raised  the  swelling 
lessens  and  thv  skin  becomes  loose;  and  a  similar  temporarr 
Dwelling  of  the  skin  of  the  liiubs,  and  of  the  skin  generally,  la 
fnsquently  the  result  of  active  exercise.  Such  a  swelling  is 
imrlly  due  to  the  blood  vessels  l>eing  dilated,  nr  to  the  rt-tuni 
How  along  the  veins  Iwing  retarded  so  that  the  blooti  capillaries 
become  diiitcndetl  with  hliio<l,  hut  is  mu(^h  more  largely  owing 
to  llie  lympli'Sjiaces  and  lympKntir  vessels  of  the  flkin  and 
underlying  structures  being  unusually  filled  with  lymph.  On 
the  otiier  hand  the  skin  may  become  shrivelled  and  dry  from  a 
deficiency  of  lymph  in  the  lymph-spaccs  and  vessels.  Under 
even  normal  circumstances  the  quantity  of  lymph  in  Uie  tissues 
may  vary  eonsidenibly,  and  under  abnormal  ci  rcunutancee  a 
very  largo  amount  of  lymiih  mu}'  greatly  distend  the  spaces  of 
the  connective  tissue  of  tiie  skin  and  other  structures,  giving 
riM  to  adema  or  dropsy.  Obviously  there  are  agencies  at  work 
in  the  body  br  which  the  appearance  of  lymph  in  the  spaces  or 
its  removal  tlience  along  tJie  lymph-channels,  or  both,  may  be 
either  incrcMed  or  diminished. 
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T%e  Charactem  of  Lymph. 

g  237.  As  it  slowly  flows  from  its  origin  in  tho  tissues  to 
tliu  inotitli  of  the  Uionnic  duct  (v/k  may  for  simplicity's  sake 
omil  the  rijirlil  lyiiijilialiv  trunk)  ihv  lyinjih  is  suhjei^teil  to  tha 
iiilliK'iK^e  of  the  lyiiiphntii^  j^Siindx,  and  is  |>os!«ihly  nlTi^ctcd  Uy 
tlie  walls  of  the  lymph- vessels.  Moreover  the  lymph  oomiiig 
from  one  tissiie  differs  more  or  less  in  certain  <rharacters  from 
the  lymjih  arising  in  another  tUsue.  just  as  the  venous  blood  of 
one  organ  diffci's  from  the  venous  blood  of  another  organ ;  and 
these  uiffereiices  may  ho  i-xtiggoriitod  by  the  activity  of  the  one 
or  other  tissuw.  Of  thtsi-  dillViL-ncfS  by  fur  tho  most  striking 
is  that  between  tlie  lymph  fomJiiy  from  the  ulimentury  Luniil 
during  nctive  digestion  nii»i  known  )w  ckifh;  and  the  lympli 
«oniing  from  other  parts  of  the  body.  Wlien  digestion  iit  not 
going  on,  and  when  consequently  no  con.iideral>le  absorption  of 
material  from  the  alimentary  canal  into  the  lacteals  is  taking 
places  the  fluid  flowing  along  the  hvcteids  is  lymph,  not  differ- 
ing from  tho  lymjth  of  other  regions  to  any  marked  degree. 

Tile  fluid  aeoordiugly  wUicli  llows  along  the  tbonicic  duct  in 
tm  animal  which  has  not  been  fed  for  some  coiisiderablu  time 
may  ho  taken  as  ilhistiTituig  tlie  general  cbantcters  of  lymph. 
The  contents  of  the  thoracis  linct  may  lie  obtained  by  laying 
bare  the  junction  of  the  nubdavian  and  jugnlar  (in  the  dc 
the  junction  of  the  axillary  and  jugular)  veins,  and  introducing^ 
a  caninda  into  the  duct  as  it  enters  into  the  venous  system  at 
that  point.     The  ujieration  is  not  unattended  with  dilliculties. 

Lympli,  so  obtained,  is  a  clear  transparuut  or  slightly  opalcs- 
•Cent  lluid,  which  left  to  itself  soon  clots.  Tho  clotting  is  not 
«o  pronounced  as  that  of  blood,  but  clotting  is  caused  as  iu 
blood  by  the  Appearance  of  fibrin.  The  tibrin  which  is  formed 
though  scanty.  -05  p.c..  ia  identical  apparently  with  that  of 
blood,  and  as  fur  oa  wc  know,  all  that  has  been  said  previously, 
§§  14 — 23,  concerning  the  nature  of  clotting  in  blood  applios 
«(]ually  well  to  lyiupb. 

Exaudned  with  the  microscope  lymph  contains  a  number  of 
corpuscles,  Ijnnph -corpuscles,  which  in  all  their  obanictcrs  so 
far  a.1  is  at  present  knoivn  are  identical  with  white  blood  cor- 
puscles: they  vary  in  size  from  .1  ^  to  1.^  /a,  and  the  smaller 
corpuscles  are  much  more  abundant  in  Ipnph  than  in  blood. 
Like  the  wliite  blood  corpuscles  of  blood  they  exhibit  arao.'boid 
movement*!.  Their  number  varies  in  different  animals,  and, 
apparently,  in  the  same  animal,  according  to  circumstances ; 
on  the  whole  perhaps  it  may  be  said  that  lymph  oorpuscb^  arc 
about  as  numerous  in  lymph  as  white  eorpuscles  in  blood. 
Even  when  every  care  i«  taken  to  avoid  admixture  with  blood, 
Ij'mph,  and  especially  ohylo,  not  unfre(|uently  contains  a  cer- 
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tain  nutnbcr  of  tvd  blooil  cornuHclca ;  eotnetimtis  thvat^  are  8ij(&> 
cicnt  to  give  th«  Ivmph  (or  cliylc)  a  reddish  tinge.  Tlicy  have 
Iwtsn  ohserved  witliiii  thv  living  lymphiitiu  V(;s»i;)i!,  vvvii  within 
Mnall  oii«H,  and  hiivu  probably  iu  Koitio  uiniiiiei'  or  other  made 
tlieir  wAy  from  the  hhio<l  into  the  lymph-channels. 

§  238.  The  chemical  compoRition  ot  lymph,  even  ivhen  taken 
in  each  case  from  the  thoracic  duct,  varies  a  good  deal.  The 
total  solidii  are  much  lesa  than  in  blood,  amounting  in  general 
to  not  Biort-  than  5  or  6  p.c.  Ilcnco  the  venous  bloml  of  it  vascu- 
lar are*  contains  rather  more  solids  than  the  uiieriiil  blood  of  thw 
maa>  area,  siucv  the  blood  in  giving  ri»e  lo  tlie  lymph  during 
its  passage  through  the  capillariex  from  thi<  arteries  to  the  veins 
has  parted  with  relatively  more  water  ihan  Holid  matter. 

The  proteids  amount  on  the  average  to  about  3  or  4  p.c, 
that  iH  to  nay.  to  about  half  a«  much  aa  in  blood,  the  particular 
proteids  preBcul  being  th«  same  as  in  bltmd.  viz.  albumin,  para- 

S globulin  and  antecedents  of  tibrin.  In  lymph,  as  distinguished 
roiu  chyle,  the  quantity  of  fat  is  sraull,  and  connist^  of  th« 
UKtuil  neulnd  futtt  and  tbv  soaps  of  their  fatty  acids,  tngether 
with  lecithin;  cbole-sterin  may  also  ho  pi-eseni.  A  certain 
amount  of  sugar  (dextrose)  appears  to  be  always  present,  and 
iteveral  observei-s  have  found  an  appreciable  quantity  of  urea. 
The  aah  of  lymph  like  that  of  blood  serum  contiiins  a  consider- 
able quaotity  of  sodium  chloride,  while  phuHphates  and  potash 
are  scant}' ;  it  also  contains  iron,  apparently  iu  too  great  a 
quantity  to  be  accounted  for  by  tlie  few  red  uorpUHclcH  which 
loay  be  present.  Krom  lymph  a  certain  amount  of  gas  win  be 
extracted,  consistin<;  chietly  or  almost  exclusively  of  carbonic 
acid,  with  a  small  quantity  of  nitrogen,  tlie  amount  of  oxygen 
present  being  exceedingly  small.  The  iraportancc  of  tins  we 
shall  siec  when  we  c-omu  to  >d,udy  respirutioii. 

Broadly  speaking  we  may  say  that  all  th<;  substances  present 
in  blootl-plasma  arc  present  also  iu  lymph,  but  are  accompanied 
by  a  larger  quantity  of  water. 

^  239.  I.ymph  may  also  be  obtained  from  spparat«  regions 
of  the  body,  as  from  the  lower  or  upper  limbs,  for  instance,  by 
introducing  a  lino  cannula  into  a  lymphatic  vessel.  In  ita  gen- 
ernl  features  the  lymph  so  obtained  resembles  that  taken  from 
the  thoracic  duct.  Analyses  of  the  lymph  distending  the  »ub- 
cutaDcoiLs  connective  tissue  in  cases  of  dropsy  shew  that  this 
contains  much  less  solid  matter  than  normal  lymph  taken  from 
the  llioracic  duct  or  larger  lymphatic  ves«teU.  trom  this  it  has 
been  inferred  that  the  lymph  normally  existing  in  the  lymph- 
8pac«s.  Ij-raph -capillaries  and  minute  Tessels  contains  an  excess 
of  water ;  and  indeed  it  has  been  osocrtcd  that  the  percentage 
of  solids  increases  in  passing  from  the  smaller  to  the  larger 
vexaels;  but  this  cannot  be  regarded  as  diHtinctlv  proved.  The 
number  of  corpuscles  however,  as  we  have  already  said,  apiwars 
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tn  be  increaaed  in  pacMing  through  the  lymphatic  glands-  It 
has  al«o  heen  stated  that  the  Iviuph  iu  the  Kner  lyniph-ve^iselit 
clota  eveti  less  firmly  than  that  III  tlie  thoracic  tluct.  From 
this  we  may  iiiffr  tlmt  sumu  of  the  lviii;ocyt<'s  In  the  adenoid 
tissue  of  tin-  fuUioleji  of  n  lympliatic  gland  tiiid  lliwir  way  into 
the  lyiHijh-siimn,  and  »i>  into  tiie  effei-eiit  lymphalic^,  and  tliat 
Huiiiij  of  the  tlbrin  factora  are  added  to  the  lymph,  or  at  luust 
that  snnie  changes  fnvourahlc  to  clotting  are  brought  about. 

§  3J40-  We  said  that  thti  large  serous  cavities  of  the  peri- 
toneum, pericardium.  &c,.  iir«  to  In;  considcnjd  as  parts  of  the 
lymphatic  KyKteni ;  indeed  {lericardial  or  other  serous  fluid  has 
all  the  general  i- ha  mole  is  of  lymph.  We  luive  already  said, 
§  20.  that  these  iliiids  when  taken  fresh  fn>m  the  body,  clot 
(thi)«  i»,  at  least,  the  case  in  most  animals) ;  the  clot  when 
examined  microscopically  is  found  to  conaist  of  colourless  cor- 
puscles like  those  ot  lymjih  or  of  blood  entangled  in  tlie  meshes 
of  tibriii.  both  in  their  prutt-id  inid  other  chemical  constitu- 
ents thcHo  serous  fluids  resemble  lymph.  Analyses  of  the  ac- 
cumulations of  lluiii  oecfwionally  occurring  in  these  eaviliea 
shew  that  tliev  (contain  sometimes  less  and  sometimes  mora 
solid  matter  than  ordinary  lymph.  The  aqueous  humour  of 
the  eye  contains  very  littlo  solid  matter ;  and  the  cerebro- 
spinal fluid  is  so  pecuUar  tliat  it  had  better  be  considered  by 
itself  in  connection  with  the  nervous  system. 

t|  241.  Chyle.  In  fii-sting  aniiiialis  the  fluid  flowing  along 
thclaeteals,  iui  may  be  seen  by  inspection  of  the  mesentery,  ia 
clear  anrl  transparent ;  it  is  lymph,  differing,  as  we  have  said, 
in  no  essential  respects  from  the  l^mph  flowing  along  other 
lymphatic  vesaela.  Shortly  after  a  meal  containing  fat  (and 
every  meal  does  contain  some  fat),  the  lymph  becomes  white 
and  opaque  like  milk,  the  more  »o  the  richer  the  meal  is  in  fat; 
it  is  uieii  cidleti  chyle,  tlwing  to  the  relatively  large  quantity 
of  this  milky  fluid  whioh  for  some  time  after  a  meal  oontinura 
to  be  poured  into  the  thoracic  duct,  the  contents  of  that  duct 
Also  liecome  milky,  and  are  also  called  chyle.  In  the  thnranio 
diict  the  chyle  of  the  lactcals  is  more  or  leas  mixed  with  lymph 
from  other  lymphatic  vessels,  but  the  former  is  so  prepon<icrat- 
ing  tliat  the  contents  of  the  tluct  may  be  taken  as  Ulustratuig 
the  nature  of  chyle. 

Chyle  dilTers  from  Ijinph  in  one  important  respect,  and  one 
only  ;  whereas  lymph  ordinarily  contains  a  small  quantity  only 
of  fat,  chyle  contains  a  very  targe  amount.  The  actual  amount 
of  fat  present  in  the  chyle  of  the  thoracic  duct  varies,  as  may 
be  expected,  very  considerably,  according  to  the  nature  of  the 
meal,  the  stage  of  digention,  and  various  circumstances.  Five 
per  cent,  is  a  very  common  amount ;  in  the  dog  it  has  IxHin 
found  to  vary  from  2  to  15  per  cent.  The  iacreiwe  in  fat  is 
'  clliefly  if  not  exclusively  due  to  an  increase  in  the  neutral  fat« ; 
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thoufjli  whether  the  aiiinll  qnjuitity  of  soaps  and  of  leuitliin 
|ir(;M;tit  it*  greater  than  in  lymph  has  iiot  Iteen  distinctly  a«cer- 
iitineil.  (.'holeHtiTin  U  probably  present  in  greater  atnmint  than 
in  lymph,  ainco  it  probaoly  comes  from  the  bile  poured  into  the 
intvstiiio  during;  di^'stiuii ;  but  thiH  ia  not  certain.  How  far 
the  ruitum  of  thw  f«l,  that  is,  the  proportion  of  the  various  kinds 
uE  (lit.  of  sluarin,  &c.,  variex  with  th«  fat«  prcM>nt  in  the  moat 
hum  not  beon  delhiitely  nHcertaincd. 

Th«  condition  of  the  fat  in  chyle  is  ]teciiliAr.  Some  of  it 
exiKti*.  like  the  fat  in  milk,  in  the  form  of  fat  globnleii  of  vari> 
ou.s  dizea.  Imt  all  small.  A  very  considerable  quantity  however 
is  prejient  in  the  form  of  cxoecdinffly  minute  Bjiherules  or  gran- 
ules, fur  smaller  than  any  f^lobules  to  bo  st-cn  in  milk ;  these 
exhibit  active  '  Brownian  uiovement«.'  The  fat  prt»)vnt  in  this 
form  lit  Kjxitcen  of  a«  lh«  '  nmleoulnr  baiti-s '  of  chyle,  and  in  very 
ilitilinctivp  of  chvle.  In  the  emnlMtifd  contcntK  of  tiie  intea- 
line,  often  called  chyle,  the  fat  is  tinoly  divided,  and  to  a  large 
extent  into  smalt  globules,  but  there  is  nothing;  corresponding 
to  this  molecular  iKifiin;  t)ic  fat  docs  not  ussumc  this  condition 
until  it  has  paHHed  out  of  thu  intvstin*.*  into  thv  luctwds.  Lymph 
examincU  with  the  micnjscojte  ^hews  besidett  the  white  eorpuft- 
cle«  only  very  few  oil-^lohulex,  and  nothinjr  of  this  molecular 
baai^.  Just  as  in  fact  lymph  is,  broadly  s[jeaking,  blood  minug 
ib*  red  corpuscles,  so  chyle  is  lymph  plus  a  very  large  quantity 
of  minutely  divided  neutral  fat. 

The  total  amount  of  lymph  or  of  chyle  which  enters  the  blood 
Bvstem  tlirouffh  the  thonicic  duct,  tiiou^h  it  probably  varies  con- 
uderabty,  i»  prolmbly  nUo  always  wry  lar^re.  It  luis  been  cal- 
culated that  in  u  wcli-fe<i  animal  n  quantity  equal  at  least  to 
tJmt  of  tlte  whole  hlood  may  pass  tlimugh  the  thoracic  dnct  in 
24  liourH,  and  of  this  it  is  supposed  that  about  half  come* 
tlirough  the  lacteaU  from  the  abdoininal  viscera,  and  therefore 
to  a  lai^  extent  from  fmnl,  aud  the  remainder  from  the  body 
at  larso.  These  calculations  arc  based  on  utiecrtaiu  data,  and 
cannot  therefore  be  taken  us  of  exact  value,  but  we  may  use 
them  for  tliu  sake  of  an  illustration.  Thus  in  a  man  of  aver- 
age weiffht,  that  is,  al>out  TO  kihw,  the  quantity  of  blood  (§  88) 
l>eiiig  ^j  of  the  l>ody  weight  Ls  about  (i  Kilos.  The  quantity  of 
lymph  or  chyle  therefore  discharged  into  the  blood  in  an  hour 
would  Im  according  to  this  calculation  a  quarter  of  a  kilo,  or 
something  less  than  a  quarter  of  a  litre;  and  eincu  the  (low 
must  var)'  t^^imiidcrably  in  the  24  hours,  would  be  then-fore 
aometimes  le^ss  ami  sometimes  even  more  than  this. 

2TW  Mopemtntt  of  Lymph, 

5  342.  Making  every  allowance  for  the  uncertainty  of  the 
oaleulation  detailed  in  the  preceding  paragraph,  it  is  obvious  tbat 
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the  Ijmph  must  flow  with  u  not  mcousidenb1«  nipidit j  {if  i 
take  about  linlf  thv  ubuve  e«tinutt«',  the  r»t«  will  be  iihout  1  or 
cc.  per  luiuule')  thmti^b  the  tliomcic  duct,  and  therefore  inu 
ahio  W  continunlly  Ktreaming  into  that  duct,  along  the  vsrio 
Ivmphatic  channeU  from  tlie  manifold  lymph-spaces  of  the  bod 
'fhia  onward  progress  of  the  lymph  is  determined  by  a  varie 
of  circumstances.  In  the  first  pluce,  the  remiirkalily  wide-sprti 
presence  of  vulve*  in  the  lymphutiu  vesschi  e.mses  every  i)ressu 
vxerte<)  on  the  tissues  In  which  the}'  lie  to  assist  in  the  propti 
«ion  forward  of  the  lymph.  Hence  all  muscular  moveineil 
increiute  the  flow.  If  a  cannula  be  inserted  in  one  of  the  largi 
lymphatic  trunks  of  the  limb  of  a  dog,  the  discharge  of  iyiu[ 
from  the  cannula  will  be  more  distinctly  increa-sed  by  moi-i 
monts.  even  passive  movements,  of  the  limb  than  by  anytkin 
ul«e.  When  we  come  to  speak  of  tlie  cnlrunce  of  chyle  iutotli 
lacteal  ntilicle«  of  the  villi,  w  shall  see  that  the  muscular  tibro 
of  the  villus  act  as  a  kind  of  muscular  pump,  driving  the  ciiyli 
past  the  valved  end  of  the  lacteal  radicle  into  the  lymphtcii 
eauaU  below.  In  addition  to  the  presence  of  valves  along  tlu 
course  of  the  vessels,  the  opening  of  the  thoracic  duct  into  tk 
venous  system  is  guarded  by  a  A-alve.  so  that  every  escape  ol 
lymph  or  chyle  from  the  duct  into  tlio  veins  becomes  itself  i 
help  to  the  tloM*.  In  the  second  place,  we  ha\'e  already  wen 
that  the  hlood-prejwure  in  the  capillaries  and  minute  veiuels  ii 
oon»idembly  greater  than  that  tn  llie  large  veins,  such  as  tlie 
jugular;  in  fact  this  difTerence  of  preRsure  is  the  cause  of  ihti 
flow  of  blood  from  the  capillaries  to  the  heart.  Now  even  »■ 
Burning  tliat  the  l\-mph  in  the  lymphatic  spaces  outside  the  op- 
illarics  ami  minute  vessels  necessarily  stands  at  a  lower  pwwio* 
than  the  blood  inside  the  capillaries,  on  the  ground  that  otlier> 
wise  the  transudation  from  the  hluod  iiitu  the  tissues  wouM  1^ 
checked,  we  must  still  admit  tliat  the  diflfereuce  lA  less,  prdnblf 
much  le**.  than  the  difFerenoe  between  the  pressure  in  the  op 
illaries  and  that  in  the  large  venous  trunks.  So  thatihelympli 
in  the  lymph-spaces  of  the  tissues  may  be  coiLsidered  as  stamlinS 
at  a  higher  pressure  than  the  blood  in  the  venous  trunks.  lot 
instance  in  tlie  jugular  vein.  That  is  to  say.  the  l\Tnphatic  t* 
mIs  as  a  whole  form  a  system  of  cltannels  leading  from  a  r^KB 
of  higher  prewturu,  viz.  the  lymph-sguiees  of  the  tissues,  loi 
region  of  lower  pressure,  viz.  the  interior  of  the  jugular  tai 
subclavian  veins.  ThisdifTereneeof  pre.s.ture  will.  ii-<  in  ilteca* 
of  the  blood  ves-sels.  cause  the  lymph  to  flow  onward  in  a  cM 
tinuous  stream.  Further,  this  flow,  caused  by  the  ]owne««  o 
the  mean  venous  pressure  at  the  subclavian  vein,  will  be  assia* 
ut  every  respiratory  movement,  since  at  every  inspiration  ik 
pressure  in  the  vcimus  trunks  becomes,  as  we  sliall  sec  in  da^ 
ing  with  respiration,  negative,  and  thus  lymph  will  bo  suek< 
in  from  the  Uiomcic  duct,  while  the  increase  of  pressure  lu  ll 
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gntt  veins  during  vxpiratioii  is  warded  off  from  the  duct  by  the 
nlre  at  ite  opvniuj;.  In  tliu  tliird  pliicc.  the  flow  may  be  in- 
craued  by  rhy  ttiniiciil  coiit  I'lictions  uf  tliu  wallii  of  tlio  lymphatics 
thentwlves,  which  are  remarkably  iniisculur;  and  tht"  peculiar 
inl«rlncin^  of  the  rauHcnlar  tibrea  abave  each  valvv  suf;g«ata 
lirat  die  walh  here  act  after  the  fashion  of  a  tiny  heart  and  by 
« rhnhmical  systole  drive  on  the  fluid,  which  bv  the  action  of 
liic  valve  below  collects  at  th«  spot.  We  have  liowever  no  ex- 
Miimpntal  proof  of  this ;  for.  though  rhj-thniic  variations  have 
ueik  oW-rved  in  the  lactcals  of  tliv  mesentery,  it  is  maintained 
ibt  tlifrjte  «re  simply  paitsive,  i.e.  cauM-d  by  tlic  rh\tlimic  per- 
isuhic  action  of  the  inleittine,  each  oontraclion  of  tlie  intestine 
iiUingthe  lyniph-channela  more  fully,  anil  are  nnt  due  to  eon- 
tractions  of  the  walls  of  the  lacteal  vessels  themselves,  [n  some 
«f  Ihe  lower  ammals.  for  instance  in  the  frop,  the  muscular  walls 
of  the  vessels  arc  developed  at  places  into  distinctly  contractile 
pnipnlsive-organs,  spoken  of  aa  lymph -liearto.  Lastly,  if  the 
wy  processes  which  give  rise  to  the  appearance  of  lymph  in  the 
iTmpWpaeeji  of  the  tissues  are,  as  we  shall  see  we  have  some 
tntoD  to  think,  analogous  to  the  process  of  secretion,  then 
BBMinbering  the  pressure  which  is  developed  by  the  seeretinn 
da  accreting  gland,  such  as  a  salivary  gland  (§  189)'  we  may 
»?*nl  these  very  processes  as  tending  themselves  to  promote 
lh«  flow  of  lymph.  We  liavu  at  least,  under  all  circumstances, 
*r*  itf  otticr  of  these  causes  at  work,  promoting  a  continual  flow 
ffom  Uw  lyinpliatic  roots  to  tlie  gieat  veins.  They  are  together 
RiBdent  to  drive,  in  man,  the  lymph  from  the  lower  limbs  and 
tnink,  against  the  effects  nf  gravity,  into  the  veins  nf  the  neck, 
lithe  npper  limb,  the  influences  of  gravity  owing  to  the  varied 
oments  of  the  limb,  are  as  often  favourable  to.  as  opposed 
kik;  Datura)  flow  of  the  lympli ;  but  as  we  have  alrciitly  said, 
■[-continued  imfavourable  action  of  gravity,  especially  in 
ittiscnce  of  tlie  aid  of  movements  in  the  skeletal  musclesi,  as 
I  llie  ann  hangs  down  motionless  foi-  some  time,  leads  to 
Dulalion  of  lymph  at  its  origin  in  the  lymph -spaces.  The 
of  the  causes  combining  tn  drive  on  the  lymph  is  strik- 
'  shewn  in  animals  when  the  thoracic  duct  is  ligatured ;  in 
'\  caan  a  very  great  distension  of  the  lymphatic  vcssi-ls  below 
■  lif^ture  is  observed. 

§M3.     Although  the  phenomena  of  disease  and,  perhaps, 

I  conxiderations  render  it  probable  that  the  nervous  system 

in  stime  way  the  strwini  of  ly^npll.  regulating  it  may  be 

Iftnly  the  llow  along  the  deliinte  lymph-canals  but  also  the 

■it  of  plasma  into  the  lymph-spaces  and  the  escape  uf  lymph 

Bce  into  tlie  definite  canals,  our  knowledge  on  these  points  is 

imperfect-     We  have  as  yet  at  least  no  proof  that  the  mua- 

fibns  iu  the  walls  of  the  lymphatic  vessels  are  governed 

'oerres,  or  thut  the  lyuipb-sitaees  are  influenced  directly  by 
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tliu  lymph  must  flow  with  a  not  inconsidurable  rapidity  (if  we 
tak«  about  huIF  the  ubovo  eKtimnto,  the  rate  will  be  ubout  1  or  2 
CO.  per  niiiiiitv)  tJirough  the  thoracic  duct,  nnd  therefore  must 
also  be  contiiiiially  xtretitiiiii^  intn  titat  duct,  almig  the  vnvioiu 
h'mpbatii;  channels  from  the  mauifoUl  lymph-spaoes  of  the  liod y. 
This  onward  progress  of  the  lyoijih  is  detenuined  by  a  variety 
of  (.'ircuiiuitanccs.  In  the  first  pbicc,  the  remarkably  wido-sjiread 
prfsciicL-  of  valves  in  thu  lyin])h)itie  vossels  oauscs  every  priissure 
exerted  on  the  tixsiiea  in  whieh  they  lie  tu  nsxist  iu  t\ui  propul- 
Kioii  forward  of  the  lymph.  Heiico  all  muBouIar  movemunU 
increase  the  How.  If  a  cannula  he  inserted  in  one  of  the  lar^r 
lymphatic  trunks  of  the  limb  of  a  dog,  the  discbarge  of  lyniph 
from  the  cannula  will  be  more  distinctly  increased  by  move- 
mcnts.  even  passive  movements,  of  the  limb  than  by  anything 
else.  When  wc  eumu  to  spcuk  of  the  entrance  of  gbyle  into  the 
lacteal  radicles  of  tlie  villi,  we  shall  see  that  the  muscular  tibroa 
of  the  villus  not  as  a  kind  of  mnscidar  pump,  driving  the  chylo 
p&ai  the  valved  end  of  the  lacteal  radicle  into  the  lymjihatic 
canals  below.  In  addition  to  the  presence  of  valves  along  ibe 
course  of  the  ve.isels,  the  opening  of  the  thoracic  duct  into  the 
venous  8j*8t«ra  is  guarded  by  a  valve,  so  thai  every  escape  of 
lymph  or  chyle  from  the  duct  into  the  veins  beeomes  itself  a 
help  to  tlie  flow.  In  the  seeoud  place,  we  have  already  seenj 
that  the  blood -pressure  in  the  capillaries  and  minute  vessels  is 
oonsldeiahly  greater  than  that  in  the  large  veins,  such  as  the 
jugular;  in  fad  this  difference  of  pressure  is  the  cause  of  lb« 
flow  of  blood  from  the  capUlariea  to  the  heart.  Now  even  as- 
suming that  the  lymph  in  the  lymphatic  spaces  outside  the  cap- 
ilhirics  and  minute  vessels  necessarily  stands  at  a  lower  pressure 
than  the  blood  inside  the  capLllaries,  on  the  groimd  tliat  other- 
wise the  transudation  from  the  blood  into  the  tissuvTi  woidd  be 
checked,  we  must  still  admit  that  the  difference  is  less,  proijabty 
much  less,  than  the  difference  l)etween  the  pressure  in  the  cap- 
illaries and  that  in  the  large  venous  trunks.  So  that  the  lymph 
in  the  lymph-spaces  of  the  tissues  may  be  considered  as  standing 
at  a  higher  pressure  than  th«  blood  in  the  venous  trunks,  for 
instaneb  in  the  jugular  vein.  That  is  to  say,  the  lymphatic  vca-j 
eels  OS  a  whole  form  u  system  of  channels  leading  from  a  region 
of  higher  pressure,  viK.  the  lymph-spai.'cs  of  the  tissues,  U>  a 
region  of  lower  pressui-e,  viz.  the  interior  of  the  jugular  and 
subclavian  veins.  This  difference  of  pressure  will,  as  in  the  ease 
of  the  blood  vessels,  cause  the  lymph  to  flow  onward  iu  a  con- 
tinuous stream.  Further,  this  flow,  caused  by  the  lownesa  of 
the  mean  venous  pressureat  the suhcla\'ian  vein,  will  beassistodi 
at  every  I'cspiratory  movement,  since  at  every  inspiration  the 
pressure  in  the  venous  trunks  Itecomes,  as  we  shall  iwc  in  deal- 
ing with  respirittioit,  negative,  and  tiius  lymph  will  be  sucked 
in  from  the  thoracic  duot,  wliile  ibc  increase  of  pressure  in  tJie 
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ffTCBt  veins  durinfT  exjiiration  is  n-arded  off  from  the  duct  by  the 
vulve  ut  it»  ripening.  In  the  third  plane,  the  flow  may  lie  in- 
creHAe^i  by  rhythinioal  contractions  of  the  walls  of  the  lymphatics 
tlieni-telves,  which  are  remarkably  muscular:  and  the  pecnlinr 
interlacing  of  the  muscular  fibres  above  each  valve  suggests 
that  the  walla  heiv  act  after  the  faj;hiun  of  a.  tiny  heart  and  by 
a  rhythmical  s^'stole  drive  on  the  fluid,  which  by  the  action  of 
the  valvtf  below  collects  at  the  spot.  We  have  however  no  ox- 
l»-rimt*ntal  proof  of  this ;  for,  though  Hiyllimio  vanntions  have 
bfvn  ol>!<«rve<i  in  the  lacteals  of  the  mesentery,  it  is  maintained 
that  these  are  simply  passive,  i.e.  cause*!  by  the  rh>lhmic  per* 
i.staltic  action  of  the  intestine,  each  contraction  of  tlie  intestine 
tilling  the  lyniph-LlmnnelB  moi-c  fully,  and  arc  not  duo  to  con- 
tractions of  the  walls  of  the  liwteal  vcsselii  themselves.  In  some 
of  the  lower  niiiniaU,  for  instance  m  the  frog,  the  musoulur  walls 
of  the  vessels  are  ilevdojwd  at  places  int«  liistinotly  contnictilc 
propulsive-orgitns,  spoken  of  as  Ivmph-hearts.  Lastly,  if  the 
very  processes  which  give  rbte  to  the  appearance  of  lymph  in  the 
lymph-spaces  of  the  tissues  are.  as  we  sliall  see  wo  have  some 
reason  to  think,  atmlogous  to  the  process  of  secretion,  then 
remembering  the  prescure  wMch  is  developed  by  the  secretion 
of  a  secreting  glniul,  such  as  a  sHlivnry  gland  (  §  189),  we  may 
regani  theiW  very  processes  as  tending  themselves  to  promote 
the  How  of  lymph.  We  have  at  Ifiwt.  niidi-r  ull  circumstances, 
one  or  other  of  the^e  causes  at  work,  pronioliiiga  coiitinunl  tlow 
from  the  lyinphatio  roots  to  the  great  veins.  They  are  together 
sufKcient  to  drive,  in  man.  the  lymph  from  the  lower  limos  and 
trunk,  against  the  effects  of  gravity,  into  the  veins  of  the  neck. 
In  the  upper  limb,  the  influences  of  gravity  owing  to  the  varied 
movements  of  the  limb,  are  as  often  favourable  to,  as  opposed 
to.  the  natural  How  of  Iho  lymph ;  hut  as  we  have  already  said, 
a  long-^'oiitinued  uiifavoui-able  action  of  gravity,  especially  in 
the  alis^noe  of  the  aid  of  movements  in  the  skeletal  muscles,  as 
when  the  arm  hangs  down  motionless  for  some  time,  leads  to 
BccumiUation  of  lymph  at  its  origin  in  the  lymph-spaces.  The 
strength  of  tlie  causes  combining  to  drive  on  the  lymph  is  strik- 
ingly  shcnm  in  animals  when  the  thoracic  duct  is  ligatured  ;  tn 
8U(^h  eases  a  very  gr^-at  distension  of  th«  lymphatic  vessels  below 
the  ligature  is  oUwrveJ. 

§243.  AUhoup;h  the  phenomena  of  disease  and,  perhaps, 
general  considerations  render  it  probable  that  the  nervous  system 
gOTems  in  some  way  the  stream  of  lymph,  regulating  it  may  be 
not  only  the  tlow  along  the  <leliiiite  lympli-eanals  hut  also  the 
transit  of  plasma  into  the  lymph-spaces  and  the  escape  of  lymph 
thence  into  the  definite  canals,  our  knowl.-dge  on  these  points  is 
very  imperfect.  We  have  ns  yet  at  least  no  proof  that  the  mus- 
cular fibre*  in  the  walU  of  the  lymphatic  vessels  are  governed 
by  nervee.  or  that  the  lymph>spaoes  an>  influenced  directly  by 


1 


406 


MOVEMENT   OP   LYM1»H. 


[Book  ii. 


nervous  action ;  attompta  to  demonstrate  any  direct  action  of 
the  nervous  system  on  tlip  h-mphatics  bave  hitherto  failed. 
'  §  244.  i'iic;  pawsajff  of  niiitcriul.  nanivly.  of  water  oontaiainf 
certain  substiiiici^u  in  solution,  from  tlici  intenor  of  the  lilttod 
vv)wc1  \vh(?re  (hvy  form  jKirt  of  the  plasma  iu(o  the  lynipli-vap- 
illary  wliere  they  are  oalleti  lymph  coniu»ttt  of  two  8t«i«:  ibe 
pAfisnge  from  tlie  blooil  vessel  into  the  lymph-space,  and  the 
pa-saage  from  the  lymph-«puce  into  the  lyiuph-capillaiy ;  ftw 
it  is  only  in  particular  plivcen  that  tlic  lytnpi-iapitlary  imme- 
diately suirountis  the  bhwd  \'e*>sel,  Out-c  arnvetl  in  the  lymph- 
capillary  the  lympli  iinds  an  open  jKtlh  along  the  rest  of  tlie 
lymphatic  »y«lcm.  hut  the  connection  l>elween  the  lynipb-spAce 
and  IJR-  lymph-eHpilliiry  is  j>ec)iliai'  and  at  lea-st  not  a  free  and 
open  orif. 

'I'bt?  pa-tsage  of  material  from  the  blood  vessel  into  the  lytnpli- 
R]iace  we  speak  of  as  transudation.     What  can  we  say  as  to  ths 
nature  of  iliirt  ])roL'(;8s '.'     There  arc  two  known  phviiical  procwisw 
with  which  we  may  compare  it:  dilTusion  thiY>iii;h  a  membra- 
nous or  other  [ioruu»  [mrtilion,  and  filtration  through  u  siuiiltf 
partition.     I>ifl'ui<iiiu,  ihuugli   iiiHueneed   by  Hntd   [jressMire,  is 
not  llje  direet  result  of  Duid  pn^sttui-e  but  may  on  llie  contrair 
1k!  tbt;  cauKe  of  dirt'ei-ences  of  jiressure  on  the  two  sides  of  a  fw- 
I.ition,  and  may  work  against  fluid  pressure.     When  a  strong 
solution  and  a  weak  solution  of  salt  are  se])iirated  by  a  diffuninii 
aeptum.  diffusion  takes  place  whether  the  columus  of  fluid  i* 
at  the  same  level  on  the  two  »ide«  of  the  »cptum  or  at  diffen-ui 
levels :  and  if  the  i-olumiis  be  at  the  same  level  to  start  wJilt' 
that  of  the  etniujier  .-foluliou  soon  comes  lo  exceed  the  olbei  in 
height,  cm  aecouiii  of  the  osmotic  flnw  of  water  from  llie  weaker 
inUi  the  stronger  solution,     filtration  on  the  other  hand  is  ii^ 
direct  result  of  pressure:  without  ditlVrence  of  pressure  filtra- 
tion does  not  take  place :  and,  the  filter  remaining  of  the  swie 
nature  and  in  the  same  condition,  the  amount  of  hltrate  i»  "f"- 
pendcnl  on  the  ainuuiit  of  pressure.     May  we  sprak  of  the  pf- 
ccss  of  transudatinn  lut  a  simplti  process  of  difTusion  or  a  timjil? 
proc*-**  of  liltnitifiii.  that  is  to  say.  ean  all  the  phenomena'^ 
transudation  l>e  explained  a.t  simply  the  resultjs  of  one  or  oliigr 
of  these  physical  processes;*     OifTnsion  by  tiself  will  not  ao- 
count  for  the  result*;  for  the  proteirfs  of  the  blood-plasm* u* 
indiffuaible  or  very  nearly  so  and  yet  the  lymph  contains  a  ««• 
sidei'iihlc  quantity  of  these  pruteids.     We  ba\'e  no  satisfiMtaCf 
knowledge  of  the  exact  eoin])oii^ition  of  lymph  as  it  exists  iii  tite 
Ivmi'h -space*.     In  the  lymph  of  the  lariter  lymph-truiik:^  tl« 
tli9"uaitile  saline  auhstances  are  present  in  about  the  same  fp*- 
poHion.  and  the  inditl'usible  prolcids  to  alx)Ut  or  less  than  Wf 
as  much  as  in  blood-serum ;  and  we  may  perhaps  awnioe  tlut 
the  lyDi]]h  in  the  Ij'mph-spaces  contains  relatively  less  protei&l 
hut  has  otherwise  the  same  composition  as  blood-plasm.     MeM 
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diffu.'tion  would  not  give  rine  to  a  flnid  of  sticli  n  nature.  Can 
we  speak  of  tratiHudation  tbeii  hs  a  filtration  ?  The  blood  is 
undoubtetUy  flowing  through  the  capillaries  and  other  email  ves- 
»eU  under  a  curtain  prpssuro;  we  have  seen  (§  98)  that  tJie 
inoasun!  is  roughly  speaking  about  '20  mm.  llg. :  and  it  would 
DO  possible  to  siOi.Tl  KUi-h  a  filter  or  porous  purlltion  tus  would 
at  about  t)ii»  preniriure  pt-nnit  llir  pii.-««uiri;  of  a  eertain  quantilj 
of  tJie  inorganic  and  crytttitltine  con^titiientH  of  blood -plasma  to 
pass  through  in  company  with  a  relatively  smaller  quantity  of 
the  proteids  and  a  large  quantity  of  (Jie  water,  the  red  anil  whito 
corpuscles  Iwing  excluded.  Such  a  filtrate  would  bo  more  or 
less  of  thu  niiturt-  of  Ij-mph ;  ami  so  far  wu  might  be  juslilicd 
in  s{K.-akiug  of  the  transudation  of  lymph  a»  a  ]iro(X-»s  of  liltra- 
tion.  But  the  transit  through  the  living  wail  of  the  blood  ves- 
sel is  affected  by  circumiiitances  in  a  mannt^r  so  different  from 
tlie  manner  in  which  the  same  circnmstanced  affect  the  transit 
through  an  ordinary  lifeless  Tilter.  that  we  gain  but  little,  and 
may  be  led  into  error  by  speaking  of  the  process  aa  a  liltration. 
Substances  in  solution  or  otherwise  pass  through  a  Alter  when 
the  pre«surv  is  Kuflicient  to  di-ivv  them  through  the  pussagett 
furnislMxl  by  the  inU^ntii-vM  existing  in  the  substance  of  the 
filt«r.  In  tiie  case  of  nn  ordinary  lilier  the  substance  of  the  &U 
ter  is  within  limita  permanent,  and  tlie  pattmnges  correspond- 
ingly constant.  The  living  wall  of  a  capillarv  however  is  not 
a  constant  unchanging  thing.  The  epithelioid  platen  and  other 
elements  which  constitute  it  aro  alive,  and  l>eing  alive  are 
continuiklly  undergoing  change  and  are  especially  subject  to 
change;  moreover.  lut  we  have  seen  (§^  22.  '2S),  the  vascular 
walls  appear  to  be  conliutuilly  ucting  upon  and  being  acted 
upon  l>y  (he  blood.  Hence  a  change  in  the  blood  tends  to 
cause  changes  in  ihetn ;  and  th««e  change!*  may  materially 
affect  in  one  direction  or  another  their  action  a»  tillers.  In  an 
ordinary  fdter  increase  of  pressure  necessarily  entails  increase 
of  tiltration  ;  in  a  living  filter  we  should  expect  to  lind  that  it 
may  or  may  not,  that  ^'aristions  of  pressure  may  according  to 
eircumstancvs  proilucc  very  different  results  as  regards  the 
transudation  of  lymph,  and  that  the  latter  may  vary  independ- 
ently of  tlie  former. 

(XiMcrvatinns  8cem  to  confirm  this  view.  In  the  first  place 
an  im^rtMSfl  of  blond^prejutnre  does  not.  neoesaarily  inoreaj*  the 
transuihuion  of  lymph.  It  is  true  that  when  a  small  artery 
dilates,  by  which  the  pressure  in  (he  still  amaller  bruRcbos  and 
CBpillariea  of  tliat  artery  lit.  as  we  have  more  than  once  pointed 
out,  iocreased.  more  Ij-mph  aa  a  rule  appears  in  tlie  l\-njpli- 
Spaees;  indeed  it  is  one  of  the  main  purposes  of  the  widenmg 
<^Miuill  arteries  to  stqqily  the  elemeut«  of  the  tissue  with  more 
lymph,  that  \x,  with  more  foml.  But  il  d<ic.s  not  Ihcreforv  fol* 
low  tltat  under  all  cin:um.<<uince«  widening  of  the  artery  »liould 
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inorenii>e  the  passage  of  lymph  ;  something  may  occur  to  coun- 
teraia  the  natural  effect  of  the  increaaed  pressure  in  the  blood 
vessels.  An  instance  of  thia  seems  to  be  afforded  by  the  case 
of  the  submaxillttry  gltintl,  whi-u  tbu  chorda  iivrvc  is  stimulated 
while  the  jil''"'^  '"*  u'l'l'"'  the  intbieiici;  of  utropiri.  As  we  have 
seen,  thou fjh  the  utteHcs  ciihite,  riu  secietioii  lakfi*  p!aw;  and 
wu  cannot  explain  tlie  alisenoe  of  a  flow  into  the  alveoli  by  8Up- 
po!«inf;  that  the  exti'a  amount  of  lymph  which  would  in  nomial 
circumstanoes  form  part  of  the  secretion,  and  in  the  case  of  a 
fairly  eopious  secretion  would  be  considerable,  now  passes  away 
by  the  lympliaties  without  reat'liiuK  tlic  cells  of  the  alveoli,  for 
in  such  fOKc-s  no  extra  flow  in  tlii?  lymphiitica  IcadinR  from  the 
gland  lias  been  observed,  i\m]  there  is  no iucuiimlcUion  of  lymph 
lu  the  connective  tissue  of  the  gland.  Apjiarently,  for  some 
reason  or  other,  in  spite  of  the  increased  pressure  in  the  lilood 
vessels  more  lymph  than  usual  does  not  pass  into  the  lymph- 
spaces. 

In  the  second  placf,  tncrvaso  of  pressure  doea  not  always 
produce  the  same  amount  of  transudation.  For  instance,  as  we 
shall  presently  iiave  occa«ioa  to  point  out,  an  incrtwic  of  pres- 
sure in  the  blood  vessels  produceil  liy  obstruction  to  the  vt>nou8 
outflow  i»  much  more  ethcient  in  promoting  an  increase  of  tran- 
sudation, at  all  events  an  abnormal  increase,  than  is  an  increase 
of  arterial  pressure ;  and  the  difference  between  the  two  cases 
appears  to  be  too  great  to  be  accounted  lor  on  the  ground  that 
an  obstruction  to  the  venous  outflow  raises  the  pressure  within 
the  capillaries  and  sniull  vesxels  more  readily  and  to  a  higher 
defrrve  than  docs  the  widening  of  tlie  arteries.  Further  the 
same  amount  of  venous  ob»tniotion  giving  rise  to  the  tuuno 
amount  of  capillary  pressure  may  or  may  not  give  rise  to  exces- 
wve  transudation  according  to  the  condition  of  the  blond  or 
otlier  circumstances.  For  instance,  tliough  the  obstruction 
produced  by  ligaturing  a  vein  frequently  cnuscs  excessive  tran- 
sudation, it  does  not  itlways  cause  it,  and  the  femoral  vein  of  a 
dog  may  be  ligatured  witlitiut  any  excessive  transudation  tak- 
ing platw ;  yet  if,  after  lb©  ligatni-e^  certain  changes  be  induced 
in  the  blood  excessive  tran.sudatinn  occurs  in  the  leg.  the  vein 
of  which  has  been  ligatured  but  not  elsewhere.  Pointing  towards 
the  same  conchision  is  the  fact  that  excessive  transiniation  more 
readily  occurs  when  a  vein  is  plugged  by  a  thrombus  arising 
from  abnormal  conditions  of  the  vascular  system  than  when 
a  vein  is  simplv  ligatured. 

In  the  third  place  if  we  measure  the  flow  of  lymph  along  Uie 
duct  (by  introducing  a  cannula  into  tlie  thoracic  duel  at  its 
end  near  the  great  veins),  and  we  may  take  this  as  a  measure 
of  the  transudation  going  on,  we  tind  that  this  flow  may  be  very 
greatly  increased,  witliout  any  change  of  blood-pressure  neces- 
sarily taking  {dace,  by  the  introduction  into  the  blood  of  certain 
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sub«ttanc«R,  fluch  a^  leech  extract  or  extract  of  crabs'  roiiscle«.  The 
presence  of  these  substances  in  the  blood  appears  to  produce  such 
a  uliange  in  tliu  vascular  walls,  that  without  any  change  of  pres- 
■ore,  a  larger  amount  of  lymph  and  that  richer  in  solids,  eape- 
cially  in  prutcids,  maki*^  its  way  into  tho  lympli-e paces,  and  so 
into  tho  thoracic  dutt.  The  ri'sult  has  un  obvious  resemblance 
to  the  act  of  seiTt-lion,  and  tiic  Kubstani.-«s  in  question  hnva 
been  called  lymphagoiiue*.  We  may  tliei-efore  conclude  that  two 
things  chiefly  oetenjiiite  the  amount  of  transudation  :  the  pre8> 
sure  of  the  blood  in  the  blood  vessels,  and  the  condition  of 
the  vascular  walls  iu  relation  to  the  blood,  the  latter  being  at 
least  as  importimt  as  the  former. 

We«aid  ju.-st  now  llmt  we  may  Lake  the  flow  of  lymph  along 
the  Ihoracto  duct  as  a  measure  of  the  trant«u<lalioii  fmni  the 
bloo<l  vesHeU.  liut  this  is  not  strictly  true.  The  lymph  in 
the  IjTnph -spaces,  which  is  tlie  source  of  the  lymph  in  the 
tlioracic  duct,  is  not  simply  the  result  of  the  transudation 
from  the  blood  vessels,  but  thu  result  of  the  combined  action 
of  the  blood  vcsm-ls  on  the  one  hand  and  the  tissues  on  the 
other.  The  lymph  in  the  lymph-vpuce  is  the  iniddlemon;  the 
tissues  take  from  iind  j^ive  to  it  in  some  such  manner  a.-<  the  blotKl 
f^ivat  to  and.  we  may  add,  takes  from  it.  W»  remarked  in  §  HO 
un  the  j>ecu]iar  relations  of  living  tissue  to  water,  and  there  are 
reasons  for  thinking  that  the  very  subatanee  of  a  cell  or  a  fibre 
(a  muscular  fibre  for  instance)  may  hold  iu  itself  a  larger  quan- 
tity of  water  at  one  lime  titan  at  another.  The  water  thus  taken 
up  or  given  out,  and  other  sulmUtnces  carried  by  that  water, 
i-ome  from  and  go  to  the  lymph.  The  comlitiuu  of  the  tissue 
diitvnnines  by  itself  the  amount  of  lymph  in  the  lymph -spaces, 
and  tliuR  tlie  flow  of  lymph  along  the  thoracic  duct.  For 
instance,  a  certain  quantity  of  sugar  introduced  into  the  blood 
gives  rise  to  a  vcrv  rapid  flow  of  somewhat  dilute  lymph 
iilong  the  thoracic  duct;  and  similar  results  are  produced  by 
much  smaller  quantities  of  sodium  chloride  and  other  sub- 
stances. Since  tlie  blood  is  found  to  1n\  ut  the  same  time, 
more  watery,  in  spite  of  a  copious  secretion  of  urine,  we  may 
oonclode  that  the  excem  of  lymph  in  the  lymph-stHices  is  drawn 
from  the  tissues. 

§345.  Under  the  influence  of  all  these  several  actions  the 
lymph  in  the  various  lymph-spaees  of  the  body  varies  in  amount 
from  time  to  time,  but  under  uurmal  circumstances  never  ex- 
ceeds certain  liuiitj<.  Under  pathological  conditions  those  liniitH 
may  be  exoeedwl,  and  tiie  re,iull  is  known  a«  trdcma  or  dropsy. 
Similar  exceteive  accumulations  of  lymph  may  oc«ur  not  in  the 
ordinary  lymph-spaces,  but  in  those  larger  lymph-spaces,  the 
serous  cavities,  any  large  excess  of  fluid  m  tlio  peritoneal  cav- 
ity being  known  as  ateitet. 

The  possible  causes  of  wdema  are  ou  the  one  band  an  obstnio- 
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tion  to  th«  flow  of  lyiiipli  from  tbe  lymph -spaces,  and  on  the 
other  hand  an  excessive  tmnRiidalion,  the  lymph  f*athvrin^  in 
the  l>'niph-apaceii  faster  than  it  c»n  be  carried  away  by  a  nor- 
mal flow;  with  the  fonu«r  the  lymphatic  system  itself,  with 
the  latter  chiefly  the  vascular  system  is  concerned.  As  a  mat- 
ter of  fact,  however,  u^tlcma  is  almost  always,  if  not  atwavft, 
due  to  abnoniial  conditions  of  the  vascular  system,  and  is  the 
result  not  of  hinOcrL-'t  outflow  but  of  excessive  transudation. 
Owing  to  the  numerous  :uiii9t<^Riiwe:t  nf  the  lymph- vt»s«;ls  and 
tlie  ciinRequent  eitabli^hmeitt  of  collateral  streams,  olwtnieticHi 
in  the  lymph-passages  themselveii  rarely  if  ever  givett  ri:^  lo 
(fdeiiia :  ami  it  may  be  hei-e  remarked  that  owing  to  the  same 
free  collateral  com muiii cation  between  the  lymim- vessels  the 
laltvrinthiue  pa,ssa^cs  of  the  lymphatic  glands  do  not  offer  the 
s^-riuus  obstacle  to  the  onward  flow  of  the  gcuoral  lymph-stream 
us  might  at  firvt  sight  be  suji])o»ed.  Nor  haw  we  at  present 
any  kiiowledge  whicli  wouUI  lead  us  to  suppose  ihat  any  physi- 
ological changes  in  the  wall.'i  of  the  lymphatic  vett:i*eU  or  of  the 
lymph-4'apiliaries,  or  in  the  lymph-spaces,  by  giving  rise  in  some  . 
way  lo  obstacles  to  the  flow  of  lymph,  ever  lead  to  an  aecumu-^ 
lation  of  Ivmph  in  the  latter. 

One  kind  of  a?dcnia  we  have  already  touched  upon  in  speak- 
ing of  thu  capillary  circulation  (§  Itil),  vis.  the  **it  ' 
toi-y"  Godenui.  In  this  kind  of  tedema  owing  to  change*  iu' 
the  vascular  walls  a  larger  amount  of  Iranitudation  pMSM  into 
the  lym]ih-spai-<'.<i,  and  that  transudation  is  richer  in  proteidj 
matters,  and  contains  a  larger  amount  of  the  fibrin  factors,  or  j 
at  all  events  is  much  more  distinctly  coagulable  than  ordii 
lymph,  as  well  as  crowded  with  migrating  corpuscles, 
to  tnia  inflAmmatory  cBduma  is  the  increase  of  lymph,  also 
apparently  changed  somcwliat  iu  character,  whidi  iiMicars  at 
"■effusion"  in  the  seruus  cavities  when  these  are  innuaed,  as 
iu  pleurisy  an<l  j>eriUniitis, 

One  of  the  most  common  forms  of  cpdema  is  an  tedema  of 
prim.-irily,  though  not  wholly,  mechanical  origin.  (Edema  aris- 
ing from  obatniction  to  the  venous  flow ;  under  these  circum- 
stancee  nwre  lymph  passes  into  tbe  lymph-spaces  than  the 
Ivmph-vessels  arc  able  to  carry.  If  the  femoral  vein  be  Uedj 
tlie  leg  may  become  a-dvmatous,  and,  us  we  have  said,  («de 
is  a  common  result  of  tlie  plugging  or  obstniclion  of  velnal 
thmugh disease;  theo-dema  wliitrh  is  fu>  common  an  accompai-' 
niment  of  heart  diitease  invoKing  obstruction  to  the  return  of 
venous  blood  to  the  right  side  of  tbe  heart,  and  tbe  ascites 
whieJi  follows  ujK>n  hindrance  to  the  portal  flow  are  instances 
of  tedema  of  this  kind.  We  have  already  remarked  oo  tbe 
relation  of  transudation  to  blood-pressure;  and  in  remMtt ob- 
struction the  rise  of  pressure  within  (he  small  blood  ve 
ts  distinguished  from  that  due  to  arterial  dilation  by  being  : 
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cumpanicd  with  n  wnnt  of  udequute  renewal  of  the  blood  ;  this 
prolnbly  alTecUt  the  epithelioid  liiiinf;  of  thi*  blood  vesst-U  in 
KUch  n  way  as  to  iiicren»e  the  tnuisiidution.  An<l  iiiduvd,  na  is 
<wen  in  cases  of  heart  disease  with  prolonged  or  rcpeutwl  vunoiut 
obstruction,  the  (Kdema.  as  time  eoes  on  and  the  ti»»iie»  become 
impaired,  is  more  easily  excited  and  with  greater  dinictiUy 
removed.  tbou);b  the  actual  amount  of  ohstnielion,  tlie  actual 
increaM;  of  pressure  in  the  small  vessels,  remains  the  same,  or 
at  least  is  not  proportiuiially  inoreasod. 

Still  another  kind  of  iHlenia  is  one  ilue  to  changes  taking 
place  in  tlie  blood.  (|tiile  apart  from  varlrttiunK  of  blood -pressure, 
This  kind  of  redema  is  seen  in  some  diseaice;*  of  the  kidney,  in 
"llrighfs  disease"  for  instanee.  In  such  eases  the  blood  con- 
tains less  proteids.  and  indeed  less  solids,  is  more  watery  and 
of  lower  8i>ecitic  gravity  than  is  normal.  Uut  the  (vdema  is  not 
in  these  cases  to  be  cxplaiiied  on  the  view  that  the  more  watery 
blood  passes  mofe  readily  tliruugh  the  capillary  walls,  for  it  mar 
be  shewn  exiH'Hmentully  that  the  mere  thinning  of  the  hlooil. 
B»  by  tliv  injeetion  of  tiormal  ttaline  Holulinn  into  the  bluoil  ves- 
mU,  will  not  at  once  lead  to  iedeina,at  IcuhI  in  the  limbs  and 
trunk,  and  it  is  these  which  in  Hright*s  diseast^  especially  he- 
oome  oedomatAUs.  In  alt  pr(>l>ability  the  o-dema  of  liright's 
dueam  if  it  )>e  really  duo  to  the  abnormal  character  of  the  blood. 
is  produced  by  the  abnormal  blood  so  acting  on  the  blood  vessels 
that  these  allow  a  transudation  greater  than  the  normal.  I^astly, 
calling  to  mind  what  we  8ai<l  jutit  now  as  to  the  relatioiiit  of 
the  tii»ue  to  the  lymph,  we  muitt  remember  that  the  cause  ot 
(edema  may  aliW  lie  in  changes  in  the  ti>wue  itMelf. 

Hut  these  are  pathological  nueatinns  into  which  we  must  not 
enter  here.  We  nave  touched  upon  them  because  they  illus- 
trate the  important  processes  taking  place  in  the  lytaph-spaces, 
and  as  we  have  more  than  once  insistc^l  the  lymph  in  the  lyniph- 
spooes  is  the  middleman  of  all  the  tissues,  and  hence  facts  iUus- 
tnitiag  the  laws  wliieh  govern  the  (low  of  lymph  into  and  out 
of  the  )yniph-8i>aees  are  of  funduuiental  physiological  impor- 
tance. 


SEC.  9.     ABSORPTION  FROM  THE  ALIMESTARY 

CAUAL. 

^  246.     Wc  may  now  return  to  comiider  tlic  nlKorption  of  the 

firoclucts  of  (liguHtiun,  that  is  to  i»y,  tlie  pas:ia^  of  these  bodi«» 
rom  the  interior  of  tlie  nlinientary  canal,  wliere  they  are  Kally 
out8i<lf  the  hody  proper,  into  the  IhkIv  itself.     For  simplicity"* 
sake  we  may  consider  digestion  in  a  oroad  way  as  the  conver- 
sion of  practically  non-diffusih!e  proteids  and  starch  into  n]or» 
diffusible  [lejitonc  and  highly  diffusihte  sugtir^  »nd  as  the  emul- 
sifying, or  diviiuon  into  minutv  piirtit'le«,  of  fat*.     Wc  haw 
wen  reason  to  believe  that  some  of  the  stigur  may  be  eliaiigecl 
into  lactic  acid  or  even  into  I>utyric  or  other  aoid^  that  some  of 
the  proteiiU  are  carried  beyond  the  peptone  condition  into  leu— 
cin  and  other  bodies,  and  that  some  of  the  fat  may  be  siiponitied  ; 
and  it  may  be  that  some  of  the  protoid  matenal  of  the  food 
passes  into  the  body  as  albumose  or  even  as  parapeptooe,  or  io 
some  other  little  changed   condition.     But  wc  may  prohahly 
with  safety,  fur  present  purposes,  assume  that  the  grratcr  part 
of  the  proteid  i»  absorbed  as  jieptone,  that  earlwhydnnesi  are 
mainly  iihsorbed  a^  .sugar,  and  that  the  greater  part  of  the  fill 
passes  into  the  Ixidy  as  emulsified  but  otherwise  unchanged  neu- 
tral fat ;  and  we  may  neglect  the  other  conditions  of  digesud 
food  as  subsidiary.  anU  as  far  as  absorption  is  concerned,  unim- 
portant. 

We  have  seen  that  tuo  paths  arc  open  for  these  prodocUoT 
digestion,  one  by  the  cupillarie»  of  the  portid  system,  the  othtr 
by  the  laeteal.s.  It  cannot  be  a  matter  of  indifferenet!  wUdt 
course  is  taken.  Vnr  if  the  products  pass  by  the  lacteals  they 
fall  into  the  general  bloocl-ciirrent  after  having  undergone  only 
such  changes  as  they  may  experience  in  the  IjTnphatic  system; 
while  if  they  pass  into  the  portal  vein  they  are  subject*-*!  to 
eertuiu  powerful  influences  of  the  liver  (which  we  sliidl  fXoAy 
in  a  future  chapter)  before  they  find  tbcirway  to  the  right  sdie 
of  the  heart.  It  has  been  possible,  in  the  dog.  so  to  connect 
the  portal  vein  with  the  inferior  vena  cava,  that  the  porta)  blood 
is  diverted  into  the  latter,  and  so  is  thrown  on  tbe  general  cir- 

412 


Chap,  i.]  TISSUES  AND  MECHANISMS  OF  DIGESTION.    413 

culation  without  }iaviiig  passed  through  the  liver.  When  this 
ig  done  very  grave  troubles  result.  We  may  tlierefore  comtidvr 
first  which  of  the  two  paths  is,  as  u  matt«r  of  fact,  taken  by  th« 
several  products,  niid  Hubsequeutly  study  the  mechauisni  of  ab- 
florptioD  in  the  two  cases. 

Tkt  Course  taken  btf  the  Several  Products  of  Diiftuion. 

g  347.  From  what  has  already  iieen  said  we  liavv  bc«a  led 
to  regard  the  villi  as  the  most  active  organs  of  absorption,  and 
the  structure  of  a  villus  Itiads  us  further  to  conclude  that  the 
diffusible  peptones  and  sufptr  pass,  together  with  the  water  iii 
which  ihcy  arc  dissulvcd,  into  tliu  supi'rflcially  pUeed  capillary 
network  of  the  villus  and  so  into  the  puilal  system,  while  tJie 
laurul}'  i-tnulsified  fat,  unable  to  traverse  the  wall  of  thv  capil- 
lary, pa^ises  on  to  the  dea[>seate(]  lacteal  radicle,  and  so  Huds 
its  way  into  the  lymphatic  system.  And  the  rt-.Hult8  of  obser- 
vatiou  and  experiment,  as  far  as  they  go.  support  this  view. 

Fats.  After  a  meal  contjiining  fat  the  lymph  of  the  lacteals 
contaiofi  fat,  and  is  now  culled  chyle ;  and  the  richer  the  meal 
in  fat  tltc  more  conspicuous  \a  the  fat  in  the  lymph-vessels. 
W«  cannot  however  prove  that  all  the  fat  of  a  meal  absorbed 
from  the  alimentary  is  poui-ed  by  the  thoracic  duct  into  the 
venous  system.  If  a  meal  containing  a  known  quantity  of  fat 
be  given  to  a  dog  and  the  small  quantity  of  fat  prciteiit  iti  the 
Iwoes  corresponding  to  the  meal  he  subtracted  from  that  amount, 
we  can  determine  too  ami>uut  of  fat  absorbed,  for  we  have  no 
«Tidenc«  whatever  that  any  apprcviablv  amount  of  fat  under- 
K»vs  a  destructive  decompu»ition  iii  the  aliinenlnry  canal.  Col- 
lecting by  means  of  a  cauuulu  inserted  into  the  thonivic  duct 
the  whole  of  the  chyle  during  and  after  the  meai  so  lung  as  it 
remains  milky,  showing  tliut  fat  is  being  absorbed,  we  can 
ascertain  the  quantity  of  absorlwd  fat,  which  would,  but  for 
the  operation,  have  passed  into  the  venous  s%-8tem.  When  this 
has  been  done,  a  very  remarkable  dcticit,  amounting  it  may  be 
to  40  or  60  p.c.  has  been  olM^erwd ;  that  is  to  say,  of  cvvry  100 
parts  of  fat  which  disappear  from  the  alimentary  canal  only 
about  60  parts  fiad  their  way  through  the  tlioracio  duet  into 
the  venous  svKteui. 

Are  we  then  to  conclude  that  the  missing  ouantity  finds  its 
way  into  tlie  portal  system .'  Now  the  portal  blood  does,  dui-- 
ing  digestion,  contain  a  certain  quantity  of  fat ;  indeed  the 
serum  u  said  at  times  to  ap|jcur  milky  from  the  presence  of  fat. 
But  tliQ  whole  circulating  blood  during  the  digestion  of  n  fatty 
meal  contains,  for  a  while,  the  fat  piiureil  into  it  by  the  thoracic 
duet ;  Mid  it  has  been  ascertained  in  the  dog  that  the  blood  of 
the  iwrtal  vein  during  digestion  contains  not  more  but  less  fat 
lluiu  the  blood  of  the  carotid  arterv,  so  that   the   fat  which 
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appears  iii  the  portal  blooil  iluriii;;  di^jrtittou  is,  for  ibe  mmt 
part  at  Ivitst,  not  fat  nlMorlK^d  by  thv  vupillitrk^M  uf  the  alimeo- 
tary  Ciinal  but  fat  rtb«orl)e(i  by  tbe  lacteais.  Moreoviir.  when 
tbo  ebyle  of  the.  thoracit^  ihiot  in  (livert*?d  tbroiij^b  ii  cannula, 
and  not  allowed  to  flow  into  the  blood,  tho  quaniity  "f  fat  in 
ibe  portal  blood  as  in  the  blood  at  large  is  very  small  indeed. 
Lastly,  whon  a  villus  of  an  iiitestino  in  full  digestion  of  fat  i» 
treated  with  oKniic  acid,  fat  ciuiuot  bo  rocogniztd  by  the  micro- 
scope witliin  the  ('a|>illarivs  or  otbt-r  blowl  vessuis,  though  it 
Mbonnds  ontMidt;  them  in  the  substaiioe  of  the  viUtu  and  iu  tbe 
laeloal  radiole. 

Wft  may  probably  therefore  infer  with  safety  that  nil  or  ati 
hiflst  very  nearly  all  the  fat  absoihed  from  the  intestine  takes  1 
the  path  of  the  lacteals.  As  to  the  deficit  mentioned  atiove, 
that  is  as  yet  without  explanation.  It  may  lie  that  in  some 
way,  on  its  course,  in  the  lymphatic  glands,  for  iiwtance,  the  fat 
is  tukcin  away  from  the  fliyk-,  hidik-n  »o  lo  speak  somewhere 
away  from  both  chyle  and  blood  ;  but  on  this  point  wo  have  no 
exiiet  Information. 

§  248-  Water  and  Salts.  If,  in  an  animal,  the  rate  of  flow 
of  lymph  or  chvie  through  a  cannula  placed  in  the  thoracic  dnci 
he  watched,  and  water  or.  to  avoid  the  injurious  effect  of  simple 
water  on  the  mucous  mvmbrune,  normal  saline  solution  lie  then 
injcctinl  in  not  too  great  qtnintity  into  the  intestuie.  no  marked 
increase  in  tbe  flow  of  chyle  through  the  cannula  is  observed. 
From  tlii«  we  may  infer  that  the  water  of  tbe  inte«tiiiid  contcnis 
in  abKorlied  not  into  the  laeteals  but  into  tlie  portal  system.  If 
however  a  very  large  quantity  of  the  normal  saline  solution  he 
injected  so  as  to  distend  the  uitcstine,  then  the  flow  of  chyle  ia 
increased  to  some  extent.  Jt  would  appear  therefore  that 
while  under  noimal  conditions  tho  water  passes  from  the  intes- 
tine mainly  into  the  purtnl  bloo<l,  some  of  it  may  under  eireum- 
stances  pawt  Into  the  laeteals. 

With  regard  to  the  conr,te  taken  by  ordiiuiry  saline  matter* 
we  possess  no  detailed  information.  When  special  salM  such 
as  potassium  iociide  and  othei-a,  easily  recognized  by  appropriate 
tests,  are  introduced  into  the  intestine,  Oiey  may  be  speedily 
detected  both  in  tho  blood  and  in  the  contents  ot  the  thuracie 
duot;  but  whotlier,  in  such  oasL-s,  these  salts  find  their  way  into 
the  tboraeie  duct  by  tbe  hieteid  radicle  id  the  villi,  or  paiw  into 
the  lyiiipii  stream  at  some  later  part  of  its  conrne,  we  do  not 
know.  Noi'  can  we  with  regaril  to  such  a  salt  as  sodium 
chloride,  state  absolutely  that  it  passes  mainly  with  the  water 
into  the  portal  blood,  though  we  may  fairly  suppose  this  to  bo 
the  ease. 

§  349.  Sugar.  Both  blood  and  chyle  contain,  normally,  a 
certain  small  amount  of  sugar ;  and  careful  inquiries  shew  that 
the  percentage  of  suj^ar  in  chyle  ami  in  general  blooil  \»  fairly 
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constant,  neither  being  to  any  marked  ext«nt  increased  by  «ven 
amylaceouK  meals ;  on  tho  otbvr  liaiid,  a  mral  containing  migar 
or  Btarch  docs  ti.^mpomrily  inerensL*  thv  quantity  of  sugar  in  the 
portal  blood.  From  thi^t  we  may  infwr  llint  kiicIi  portions  of  the 
fitigar  of  the  inteittiiial  contoiilit  ait  are  abKorlied  ns  isu^ar  pass 
fxchisivoly  by  the  portal  vein.  We  may  hnwevpr  bore  call 
Mttetition  to  the  difficulties  attending  an  argument  of  thiti  kind. 
In  th«  lirst  place  thv  quantitative  dcterminatinn  of  a  sniall 
amount  of  sugar  in  so  complex  a  fluid  as  blood  ia  attended  \vitb 
rreat  difHeultics  and  uni^ert^iiiitie^t.  hi  tliv  ftucond  place  a  very 
torge  quantity  of  Wood  in  at  any  one  iiioinent  i(ln.'iiiriin!;  ibroiigh 
the  oapilbiricK  of  the  alimentary  canal;  and  ivc  may  perhaps 
speak  of  the  quantity  whifb  passen  tbrnugh  them  during  tbv 
whole  period  of  digestion  as  fieing  enormous.  Hence  though 
each  lOO  c.c.  in  passing  tlirough  the  capUlai-ies  miglit  take  up  a 
quantity  of  sugar  so  small  as  to  fall  almost  within  the  limits  of 
errors  of  observation,  yet  tbo  whole  quantity  absorbed  during 
the  hours  of  digestion  miglit  Ih;  coiisiilerabie:  or  to  put  it  in 
another  way,  an  error  of  olwervation,  unuvoldable  with  our 
present  nieaiM  of  analysis,  on  a  sample  of  hbuid  taken  from  thu 
portal  veeieeU  might  lead  to  a  wholly  unwarianled  conclusion 
that  sugar  was  or  was  not  being  absorWd.  .Making  every 
allowance  however  for  these  difliciUties.  the  increase  of  sugar 
vhioh  baa  lieen  ob«ervc<i  in  the  portal  blood  during  digention 
seems  too  great  to  permit  of  any  other  conclusion  than  that 
sugar  is  really  absorbed  from  tlie  alimentary  canal  by  th«  blood 
vessels. 

When  however  a  large  (juantity  of  sugar  diswolved  in  u  largo 
quantity  of  water  i^  pi-e-sent  in  the  intestine,  the  sugar  in  the 
chyle  in  said  to  be  increased.  In  such  a  case  tlie  excess  of 
water,  as  slated  above,  passes  into  the  lacteals.  and  in  so  doing 
appears  to  carry  some  of  llio  sugar  with  it. 

In  thus  speaking  of  the  liugar  as  parsing  into  the  portal 
blood,  it  should  ho  remembi^reil,  that  while  the  gruat4?r  part  of 
tliB  sugar  of  a  meal,  thai  fonneil  from  starch,  ix  maltose,  tb« 
sugar  in  tJie  portal  blood  is  dextrose;  either  within  tho  alimen- 
tary or  more  proliably  in  passing  tbi-ough  the  epilhelium  of 
tbe  wall  of  the  alimentary  canal,  the  maltose  ia  changed  into 
dextrose. 

§  250,  Pri>teidt.  The  difticultiea  attending  the  experimental 
determination  of  thu  path  taken  by  proteids  are  greater  even 
than  in  the  ease  of  sugar;  since  tbe  quantitative  determination 
of  peptone  in  portal  Wood  and  chyle  respectively,  it«elf  a  task 
still  mure  dillicult  than  the  quantitative  determination  of  sugar 
in  the  same  fluids,  gives  us  no  due.  For  we  have  evidence 
tliat  though  peptone  may  l>e  the  form,  or  chief  form,  in  which 
proteid  material  leaves  tne  interior  of  the  alimentary,  it  is  not 
the  form  in  which  it  reaches  ita  dcittiiuition  be  that  dcstinatioa 
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the  portal  blood  or  the  cbyle;  during  its  trunsit  through  the 
epithelium  of  the  walla  of  the  alimentary  it  is  traiisfurniea  from 
peptone  back  again  into  name  or  other  nf  the  natural  proteids 
of  the  blood  or  lymph.  That  peptone  is  so  changed  before  it 
can  get  into  th*;  blood  ia  shewn,  among  other  ways,  by  the  fol- 
lowing observation.  If  all  artillcial  circulation  of  blood  ba 
kept  up  iti  the  uivscutcric  iirtcrics  supplying  a  loop  of  intestine 
removed  from  tho  body,  ibe  loop  may  be  kept  uHve  for  somo 
consideraljlo  time.  During  thi»  Hurvtval  a  considerable  quan- 
tity of  peptone  placed  in  the  cavity  of  Ihe  loop  will  disappear, 
i.€.  will  be  alK^orlied,  but  cannot  be  recovered  from  the  blood 
wbicb  ia  being  used  for  the  artificial  circulation,  and  wliich 
ettcapeH  from  the  veins  after  traversing  the  intestinal  capillaries. 
Tbe  disappearance  is  not  due  to  any  action  of  the  blood  itself, 
for  peptone  introduced  into  tbe  blood  before  it  is  di-iven  through 
the  mesenteric  arteries  in  the  experiment  may  be  recovered  from 
the  blood  as  it  escajriis  from  tbe  moxentcric  veins.  That  if  it 
dill  pass  into  the  chyle  it  would  undergo  a  similar  change  by 
»ouie  action  of  the  epithelium  is  indicated  by  the  fact  that  when 
peptone  is  introduced  into  the  lymph-spaces  of  tbe  connective 
tissue,  its  presence  may  soon  be  recognized  in  the  lymph  of  the 
thoracic  duct,  but  that  no  [Hjptonc  can  be  detected  In  tue  hnuph 
of  tbe  thoracic  duct  when  peptone,  even  in  large  quantity,  is 
introduced  into  the  alimentary  cavity  provided  that  tliu  epi- 
thelium be  intact  and  heallby. 

We  are  therefore  guided  in  deciding  this  quet«tioi)  by  indii 
evidence;  and  this,  though  pointing  lo  tbe  probability  that  thfl 
protei<ls  pas»  into  tbe  portal  blood  and  not  into  ebyle,  cannot 
be  regarded  as  conclusive.  One  argument  iu  tbis  direction 
may  ue  drawn  from  the  fact  that  when  the  portal  blood  ia  ex- 
perimentally diverted  from  the  liver  into  flic  vena  cava,  the 
grave  troubles  which  result  hcciu  to  be  cluefly  caused  by  proteid 
food. 

But,  if  this  view  be  provisionally  accepted,  it  must  l>e  on  the 
understanding  that  it  is  proljable  only ;  and  it  may  be  that  pro- 
leids  do  not  take  tbe  same  paths  and  are  not  absorlied  in  the  same 
condition  in  all  animals.  In  carnivorous  animals  whose  (nat- 
ural) food  contains  a  considerable  quantity  of  fat,  tbe  lacteal^ 
might  be  considered  us  preoccupied  in  the  absorption  of  fat. 
The  food  of  herhivora  on  the  other  band  contains  a  relatively 
sutull  amomitof  fat;  unci  if  in  these  animiilsall  Ihe  proteidsand 
carboiiydrates  are  absorl>ed  by  the  iilood  vessels,  there  is  com- 
paratively little  left  for  the  lacteals  to  do.  Vet  in  these  am- 
maU  the  ^acteals  and  the  lymphatics  are  well  developed.  In  th« 
villus  of  a  herbivorous  gninea-pig  or  rabbit,  though  the  reticular 
tissue  ia  very  scanty  as  compared  with  that  present  in  tlie  villas ' 
of  a  dog,  the  lacteal  cliamber  is,  relatively  to  the  diameter  of 
the  villus,  not  merely  tm  large  a»  but  much  larger  than  in  the 
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dog.  It  is  difficult  to  RUppnse  tlint  thii*  wide  chamber  i.t  in- 
(funded  solely  for  the  nbHorption  of  the  reUtively  xniall  nmouut 
of  fat  present  in  vegetable  food.  The  question  which  w«  are 
discussing  is  clearly  at  present  to  be  regarded  as  by  no  means 
fiettled. 

The  Afeehanitm  of  Ahtorption, 

§  251.  The  Abtorption  of  Fat».  We  have  now  to  consider 
llie  wanner  111  which  these  several  siibstanees  pasa  into  eithitr 
tJie  lacteal  radicle  or  the  capillary  blood  vessel.  It  will  becou* 
Tenient  to  Iwgin  with  the  absorption  of  the  fats. 

We  have  seen  reason  (§  2<l())  to  think  that  the  fats,  remain* 
ing  chiefly  as  neutral  fats,  are  emulBilied  in  the  intestine,  by 
means  of  tho  bile  and  pancreatic  juice,  the  small  quantity  of 
poup  which  is  formed  prohithly  serving  siniitly  the  ])urpusu  of 
facilitating  ttifl  emulsiticatton. 

The  Deulnil  fats  so  eitiulsified  pass  in  the  first  instance  into 
the  iKtdicjt  of  the  eolninnar  cells  of  the  villi.  It  ha.**,  it  is  true, 
been  maintained  by  some  tlint  they  pa»A  between  the  cells  and 
not  into  them;  but  the  evidence  is  against  this  view.  Since 
no  ooUectiona  of  fat  globules  are  »«cu  in  the  cubical  cells  of 
the  glands  of  Lieherkilhn  we  infer  that  these  have  nothing  to 
do  with  the  abs^irittion  of  fat. 

How  the  fut  enters  into  the  substnuce  of  the  cell  we  do  not 
know.  We  may  jjrc^iimu  that  the  striat«d  border  play.-*  some 
part,  bul  what  i«irt  we  do  not  know.  Though  the  roils  mak- 
ing  up  the  honler  appear  able  to  move  so  far,  at  least,  as  to 
change  their  fonn,  we  liave  no  e^'idence  that  the  fat  is  intro* 
duceu  into  the  cells  by  means  of  any  movements  of  these  rods. 
We  may  imagine  that  the  globules  pass  into  the  cell  substance 
by  help  in  somi>  way  of  these  rods,  through  umadioid  move- 
ments cromiMirublo  with  the  inj^-stivc  movements  of  the  body  of 
an  auia-bii;  but  we  have  no  positive  evidence  to  support  this 
view.  We  said  (§  208)  that  bile  promotes  the  pas.sape  of  fat 
through  membranes,  possibly  bv  in  some  way  promoting  a 
claier  contact  between  tho  ixjrticiea  of  fat  and  the  substance  of 
the  membrane ;  hut  even  if  bile  has  this  effect  on  the  surface 
of  the  c«lU,  its  action  in  this  respect  can  be  subsidiary  only. 
When  an  animal  is  fed  not  on  neutral  futs  but  on  fatty  acids, 
tho  chylu  in  the  thoracic  duct  conUiins  a  large  quantity  of 
neutral  fat.  W«  niay  infer  ihut  a  synthesis  of  the  fatty  acids 
inU)  neutral  fats  has  in  such  a  case  somewhere  taken  place. 
And  indtwd  it  has  been  urged  by  some  that  even  the  neutral 
fats  are  not  absorl>ed  hy  the  epithelium  cttls  as  merely  emulsi- 
fied fat.  but  that  they  are  split  up  within  the  canal,  absorbed  by 
the  cells  as  tatty  acids,  and  immcdiat«:ly  synthesized  again  into 
neutral  fats. 
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W'ilhiii  ihti  columnar  cell  the  fat  may  be  seen,  bntli  in  fresh 
living  oelU,  and  in  oamic  acid  preparatiomi,  to  be  dlKposiMl  in 
frlobules  of  various  sizes,  Home  large  and  some  Rmall,  eadi 
globule  placed  in  a  space  of  tlio  prutopIaHiiic  cell  eubstance.  It 
does  not  follow  that  the  fat  actually  cntcivd  the  cell  exactly  in 
the  form  of  these  globules ;  it  may  )>c  that  the  fat  passes  the 
striated  border  in  very  niiii)it«  8i)henik'»  which,  rcatrhing  the 
body  of  the  cell,  run  together  into  larger  globules;  but  whvtber 
this  is  80  or  not  we  do  not  know. 

From  the  columnar  cell  the  I'at  parses  into  the  »]>ace8  of  the 
reticular  t.ii«sue  of  the  villus.  It  has,  it  is  true,  )>een  cont«nded 
that  it  passes  along  the  substance  of  the  bars  of  the  reticulum  ; 
but  in  carefully  prepared  osmic  acid  specimeoH  of  a  villus  in 
aotive  digestion  of  fatty  food,  the  fat  may  be  distinctly  recog- 
nized as  largely  filling  up,  »till  in  the  form  of  globules  of  vari- 
ous sizes,  the  spaces  in  the  iEie»he»  of  the  reticulum  which  arc 
not  occupied  by  the  l(?no(>cytas  or  allied  wandering  cell;*.  Th« 
Ikmus  of  the  columnar  celles  through  the  gaptt  in  the  ba.semcnt 
membrane-,  dii-ectly  abut  upon  the  labyrintb  of  spaces;  and  the 
fat  once  out  of  the  base  of  the  cell  Li  free  iji  the  spaces  of  this 
labyrinth.     How  it  issues  from  the  cell  wo  do  not  exactly  know: 

EoRslhly  by  a  process  analogous  to  the  excretion  uf  solid  matters 
y  an  aniiBba. 

I'rom  the  labyrinth  of  spaces  of  the  rcliculnin  of  the  villus 
the  fat  passes  into  the  ouvity  uf  the  hicteal  radicle;  and  it  is 
worthy  of  note  ihitt  in  the  piisaage  it  undergoes  a  change.  In 
the  interior  of  the  intestine,  in  the  sul>stancfl  of  the  columnar 
cell,  and  apparently  in  the  hibyrinth  of  the  reticulum  it  is 
simply  emulsified  fat  consisting  of  globules  small  and  large; 
witliin  ihe  lacteal  radicle  it  consists  partly  of  the  same  ea^ly' 
recogiiiz«d  globules  but  partly  of  the  extremely  di vide d  'molec- 
ular basis'  (§  241);  it  is  now  no  longer  emulsified  fat  but 
chyle.  How  and  by  what  mt^ans  this  extremely  minute  division 
of  the  globular  fat  into  the  -  molecular  basis '  takes  place  we 
do  not  know ;  nor  du  we  know  the  exact  manner  in  which  the 
fat  passes  from  the  spaces  of  the  reticulum  into  the  interior  of 
tlie  radicle. 

We  may  here  perhaps  remark  that  the  contents  of  the  lacteal 
radicle  consist  not  exclusively  of  fat,  but  of  fat  at^eompiiniotl  by 
the  proteid  and  other  substances  which  go  to  make  up  the  chyle. 
I'rotcid  and  other  substances  besides  fat  are  ulsr)  present  in  the 
lymph  which  occupies  in  part  the  labyrinth  of  ihe  l»Ofly  of 
the  villiLsand  are  derived,  like  tlie  lymph  elsewhere,  from  the 
blood  of  adjacent  capillaries;  at  least,  they  are  in  part  so 
derived,  though  it  may  be  not  wholly,  for  as  we  have  just  seen 
the  passage  of  proteid  material  from  the  intestine  into  the  sub- 
stance of  the  villus  past  the  capUbirics.  tJiougb  not  proved,  musl. 
still  be  considered  as  possible. 
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'Vhe  xpaces  of  the  reticiiltini  of  tli«  villus  are  more  or  less 
oociipiecl  by  waiiilering  irells  of  wliiolt  we  sjmke  iimier  tJie  gvn- 
eral  term  of  leucocytes.  These  do  iini  ull  present  th^  ffiimti 
Hppenruiicex  and  most  probably  nrti  not  of  all  the  8ante  kind. 
Soinu  of  tlicac  Icucocytt-s  n-an<lcr  uot  only  tliroiigli  the  lahyriiitlt 
of  th«  rctiutiluiu  but  i«i»s  into  the  vpittivlium  bctwevn  the  celU, 
and  muy  projeiit  prooeHstitt  into,  or  vvvn  tiinki;  tlivir  way  even- 
tually into  ttie  intci-iiii'  of  the  int«8ttnu;  or  rollonin;;  the  re- 
Tente  (rourse  may  wuiuter  fruin  the  intiide  of  the  i-aiml  lii'tw«cn 
the  epithelium  celU  into  the  l>ody  iif  the  villus;  .>Kiiiie  of  ih<>m 
moreover  undoubtedly  contain  fat.  Hence  the.  view  hai*  been 
•u^genteil  that  thcae  IcutrcK-ytes  are  inifK)rtant  agents,  indeed 
the  chief  agents  in  tlm  absorption  of  fat.  It  has  been  supposed 
tlmt  tbcy.  rcci'ivinjj  the  [rlobulcs  of  (at  into  their  cell  aulwtance. 
in  fiiet  cuting  the  fut  exactly  after  the  manner  of  an  iima'ba. 
eitJier  while  pmjecting  lietwecn  the  i-olnmnar  cells,  in  which 
they  curry  their  burden  of  fat  through  tlie  epithelium  into  the 
villus,  or  whilii  wandering  in  the  labyrinth  of  the  villns.  (war  it 
awMv  IkkUIv  into  the  lymphatio  system.  Hut  the  number  of 
leucocyten  really  containing  any  ap]ireciable  quantity  of  fat  i» 
too  small  to  account  for  the  amount  of  fat  absorbefl.  Nor  in 
the  abundiince  of  leticocj-t«s  in  the  mucous  membrane  during 
the  period  of  digestion  a  sure  proof  that  they  are  concerned  ia 
absorption,  but  rather  an  indication  only  that  active  elmngvs 
of  Mune  kind  are  going  on,  sinct^'  after  the  lulmini^^tratiou  of  a 
•aline  such  il»  niagneKiiun  sulphate,  which  producer  effeet^  the 
Tery  reverne  of  ubsorpt  ion.  these  leuooi^ytes  are  present  in  iimi- 
Rual  niiml>erK.  Moreover  under  smue  circumstunces.  as  in  thn 
villi  of  a  new-lwirn  pnppv  after  a  meal  of  milk,  tliey  ai-e  absent 
even  when  digestion  of  fat  is  rapidly  going  on  and  the  lactoaU 
are  tilling  with  fat.  In  fact,  what  we  stated  aljove  concerning 
tlie  pttrsence  of  fat  in  the  IhhIics  of  the  columnar  cells  shews 
that  leucocytes  can  have  Httlc  to  do  in  traiutferring  fat  from 
the  interior  of  the  intestine  into  llie  b<Kly  of  villus;  and  there 
ore  no  adequate  reasons  for  attributing  to  them  any  real  ^hare 
an  the  transference  of  fat  fniui  the  hotly  of  llie  villus  into  the 
lacteal  chi)ml>er. 

§  2J2.  The  lacteal  chamlter  opens  at  the  base  of  the  villus 
into  the  valved  lymphatic  vessels  lying  l)elow,  and  in  these  the 
flow  of  lymph  (chyle)  is  l>eing  promoted  by  the  various  outises 
detailed  in  §  242.  The  preHsure,  for  instance.  cxert«d  b^  the 
|ierist»ltie  c4>ntnicUons  of  the  intestine  hetiHn  to  empty  the  lym* 
pliatic  vcKsel  into  which  a  laoteal  elmnilHT  opens  and  so  pro- 
motes the  em]i|ytng  of  the  latter.  In  addition  to  this  the  plain 
muscular  libre.-*  of  the  villus  sunjiiy  a  sj>eoi.al  muscular  pump 
for  the  emptying  and  tilling  of  the  lacteal  chamber.  Thc«c 
fibrcH  and  small  hundlen  of  fibres  running  through  in  vari- 
ous directions   and    varying   in   number   and   arrangement  in 
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different  animate,  take  on  the  whole  a  loneitudina]  direotion 
parallel  to  the  loug  axis  of  tho  vtlliu.  It  has  btt-u  supposed 
that  ill  contrai.'tin};  and  8liortL-niu(;  the  villus  thi-y  compri'ss  the 
lacteal  and  thiut  utopty  it,  uiid  titiit  whvu  they  ndax  and  the 
villus  vloiigatiM  uf^iu,  the  emptied  elmnibcr  tills  once  more. 
Rut  4  dilTereiit  interpretation  of  tlieir  action  has  been  offered 
nrtinewhat  as  followa.  When  tlie  muaeular  libre»  contract  they 
nhorten  the  villim.  In  thus  hecoming  shorter  the  hody  of  the 
villus  he<:onies  proportionately  broader,  since  probably  no  great 
change  of  bulk  in  the  reticulum  takes  place :  in  this  broadening 
tht>  part  to  give  way  will  be  the  lacteal  chamlRT.  wluch  thus 
becomes  broader  and  lar;;cr.  When  the  niuHcular  hbrca  relax, 
the  reticulum,  the  barK  of  which  have  been  put  un  the  stretch 
in  a  lat«nd  dii-ection,  by  eliwtie  reaction  brini^  bnek  the  villus 
to  itit  former  It-ngth,  and  the  laeteal  chamber  elonf^att^  and 
narrows.  On  lhi.><  view  the  mnsi^iilar  eontraetion  expanda  •ii'l 
so  tills,  while  the  relaxation  narrows  and  so  empties  the  lacteal 
chamber.  Whichever  view  we  adopt,  we  may  at  least  conclude 
that  conl  ractiomi  and  relaxiations  of  the  muscular  fibres  in  some 
way  or  olticr  alternately  fill  and  empty  the  lacteal  chamber,  and 
ill  all  probability,  at  all  evviit«  during  digestion,  rhythmieal  von- 
trautioiw  of  these  fibrei*  are  c-oritinually  going  on.  When  the 
villus  in  i«horteiied  by  the  contraction  of  the  muscular  fibrem 
the  columnar  cells  "are  comj)rew*ed.  becoming  longer  and  nar- 
rower; when  the  muscular  fibres  relax  and  the  villus elongatesi, 
the  columnar  cells  return  to  their  previous  form.  Tlie  alter- 
nating changes  of  form  to  which  the  columnar  cells  are  thus 
Bubiected,  and  the  alternating  changcH  of  pressure  taking  plac* 
in  the  reticulum,  may  also  serve  to  jiromote  the  passage  of 
material  through  the  one  and  through  the  olher. 

§  253.  Tfu-  A^*firp(ion  af  Dlff'unif'lt  Suf-ttONctt  ami  of  WaUr. 
On  the  provisional  a.-ommption  which  we  have  made  that  the 
proteids  are  converted  into  peptone,  we  may  consider,  for  the 
present  at  all  events,  [loptone.  sugar,  and  soluble  salts  as  together 
forming  a  class  distinguished  from  fats  by  their  being  dilTusible. 
some  more  so  than  others.  And  we  have  made  the  further  pro- 
visional as'^umption  tlial  the:«e  pass  into  the  blood  vessels  and 
not  into  the  laeteidK. 

The  network  of  capillary  blood  ve^ela  is  npread  immediatelv 
lieneath  the  basement  membrane,  and  all  the  material  whicK 
enters  tho  lacteal  chamber  has  to  run  the  gauntlet  of  the  meshes 
of  this  network.  During  digestion  the  capillaries  of  the  intes- 
tine are  tilled  and  distended,  so  that  at  a  time  when  ulisorption 
is  taking  place  these  nteslies  Ik-Iwcch  the  fiipilliiries  are  unu.-<u- 
ally  Uiirrow.  Krnin  ihe  intexior  of  these  oapillarie^  here  as 
elnewhere.  traiHuihition  is  taking  ptaee;  these  capillaries  sup> 
ply  the  lymph  which  helps  to  fill  up  the  labyrinth  of  the  retic- 
ulum and  the  lacteal  chamber.     Uut  to  a  much  greater  extent 
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(Iian  elscwhuru  (cf.  §  244^  this  (:Tirn>at  of  traiumdation  from 
within  tii«  Cftpillarv  tu  witlimit  is  accomiianiud  by  a  ri-verae 
ciirnnit  fruiii  witliiiul  tii  wittiiii.  Tin-  dimisiblc  Hubstanct-s  in 
(luestiitn  pass  from  the  iiilwstine  tiirimjjh  ihv  luyt-r  »{  vpitholiuni 
oell^  through  the  attenuated  reticular  lyiiiph-s[ia«e  livtwiseii  the 
Imiwment  nieiitbrane  and  the  c^apillai-v  wall,  and  thrmigh  the 
eapillary  wall  into  the  blood  current.  Their  [tassage  ciin»iat« 
of  two  ata^'H  ;  that  throuj^h  the  epitheliuni  cellM  from  the  inteo- 
tiuH  to  tliu  tymph-»)mt-v,  and  that  irum  the  lyniph-ajMicu  into  the 
blood  vcsscIb.  '['httKf  two  8tnge«  may  hi;  »"Xpi'clL'<l  to  differ. 
Mi-ing  tiiat  the  structured  coni-enii'd  are  difffrent;  but  wc  may 
ut  tirst  cnnitider  them  aa  one,  and  ^peok  of  the  passage  from 
Oiti  inte-stine  into  the  l>lDod  a^  a  single  event. 

In  ajieaking  of  these  suhstances  a»  ditTuHible  we  are  using 
the  terms  in  reference  to  the  well-known  patisage  of  aueh  suh- 
Htaneea  throujifb  thin  memhranea  or  porous  partitions.  When 
a  Btrong  Holutiuu  of  iiiiifar  or  of  c-oinniou  sjilt  ia  separated  bv  a 
thin  menibraiio  {vc^ftable  parohiuont,  dead  urimiry  bladder, 
dvml  into«tinf,  &c.)  from  a  wt-ak  solution  of  sugar  or  of  salt, 
the  sugar  or  salt  jWiwe*  with  n  certain  rapidity  from  the  stronger 
to  the  weaker  solution,  and  water  passes  from  the  weaker  solu- 
tion t«  the  stronger;  if,  to  begin  with,  simple  water  he  snhstU 
tuted  for  the  weaker  solution  the  effect  is  at  tintt  still  more 
striking.  I'eploue  passes  in  tlio  aame  manner  but  aa  we  have 
seen  much  mort-  slowly.  The  process  is  spoken  of  tis  a  physi- 
cal one  since  it  is  not  accompanivd.  necessarily,  by  any  chemical 
change  in  thu  diffusing  substance,  nor  is  there  any  necessary 
chiuige  in  the  membrnne  or  partition.  The  rate  nt  which  a 
eutmlance  dilTuses,  and  the  total  amount  of  diffusion  whieh  esn 
take  pla<-e.  are  determined  by  oertuin  ipialtties  of  the  substance 
(wliich  we  may  call  physieal  though  they  depend  on  the  ehem- 
ieal  nature  of  the  suostancej  in  relation  to  certain  qualities  of 
the  membrane;  lliua  two  salts  may  diffuse  through  the  same 
membrane  at  different  nites,  with  ttifferont  rates  in  the  associ- 
ated current  of  water,  the  osmotic  eurrent  lut  it  is  called,  from 
the  weiikcr  to  the  stronger  soIuti<ui ;  and  the  sauu-  siil'<(;iiiec 
may  pass  nt  different  rales  through  ilifferent  nieiidir.iiKs.  IJy 
a  uumlsjr  of  observations,  in  which  various  suhstancea  in  aolu- 
tion  anil  several  known  membranes  or  partitions  have  been 
employe<i,  a  certain  number  of  "  laws  of  diffusion  "  have  been 
established. 

Now  if  by  the  statement  that  <liffusible  substiinces  pass  by 
difTusion  into  the  blood-capillnries  of  the  intestine  wc  are  led 
to  expect  that  the  paMMge  takes  place  exactly  aecording  tu  the 
laws  estid^lishetl  by  oli^rvations  on  ordinary  membranes  we 
should  Ite  leil  into  error;  for  the  disappearance  of  these  sub- 
stances from  the  interior  of  the  intestine  doea  not  take  place 
aooording  to  the  laws  which  regulate  their  disappearance  from 
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one  side  af  nn  nrdinar}'  difTuMoD  feeptiim.  This  cad  be  ascer- 
taiueil  by  introdtuin^  solutioos  of  the  t<uli!>iaii<-eft.  of  rarioiu 
xtroBgtlu  into  a  louji  of  iiitt-stine.  isolated  iu  the  living  aniiofel 
l)_v  thi!  uiutlttHi  (U-^cribvd  in  §  211.  and  watching  their  dirap* 
paanmi'f  by  uialyus  uf  thv  cotitent«  uf  tlie  Icmp.  For  instanoe, 
aodiam  sulphate  pas«^  through  »n  onliuury  diffusion  septum 
with  II  ntpidity  rather  greater  than  thai  of  dextrusi*.  vbereafl 
dextroite  Aisappeant  from  the  inlestine  disliuctly  mon-  rapidly 
thaii  Bodiiim  tiiilpliale.  peptone  which  diffti»ei<  very  slowly 
indeed  through  an  ordinnry  diffusion  ^i>Iuni  diKiijijieitm  rap- 
idly (though  not  so  rapidly  as  destniise)  from  ihe  intestine, 
anil  when  the  detiiila  of  the  disappearance  from  the  intestine  of 
weak  solutions  of  two  salts  which  diffuse  through  an  ordinary 
mcmbnuic  nt  diffvrvut  rates,  wtuch  ba%'e  as  it  is  said  different 
osmotiv  JN]uivalent«,  are  !ttudi«d,  these  details  arv  quittr  differ- 
ent from  ihntw  of  ordinary  diffintion.  The  more  the  nnitler  is 
!<tiiilied  lh<-  more  <lecidedly  apfiarent  lietxuiies  tlie<liffereiirc  be- 
twi-t'n  onltnary  diffusioii  and  Uie  abaor|>lioii  of  dirfuMhle  »ul>* 
.ttanees  from  the  intestitte. 

Two  opposite  processes  are  carried  on  hy  the  wall  ot  the 
slimi'Dtarv  connl :  ou  the  one  hand  material  is  ttansferred 
from  the  blood  stream  to  tlie  inside  of  the  canal  in  the  fomi 
of  tlic  severol  digestible  jnices,  and  on  the  other  band  di- 
gestnl  iiiiiterial  i*  transferred  from  the  in»ide  of  the  caaal  to 
the  Mood  Htreain.  The  former  proce-s^  we  without  hentatioB 
r^ard  an  the  work  of  the  epithelium  cell»  forming  ihe  limng 
of  the  canal,  whether  the  celts  lie  as  in  the  gaittric  and  Lieber- 
kuhn's  glands  in  tl>e  thickness  of  the  wall  <M  the  canal,  or  aa  in 
the  pancnas  are  removed  to  some  distance  from  it :  we  call  the 
pmmnii  *aecietion.'  And  the  evidence  goes  increasingly  to 
show  tbat  the  other  process  is  also  the  wont  <rf  epithelium  n-lls. 
that  Uitt  two  prooesam  aie  ta  the  mun  alike  ave  tliat  iIm-  rur- 
teat  tesolting  fnim  the  activity  of  the  cells  is  in  o[>p(Mie  direr- 
tkias  in  the  ivo  cases.  We  might  in  fact  venture  to  «^(eak  of 
idaoriitiMi  from  the  canal  as  an  inverted  secretim.  And  we 
may  regard  as  wholly  seoondary  tbe  fact  that  in  the  auaU  iiit»j 
tine  the  celb  of  Liebcrkulm  appear  at  lout  to  be  chicAr  d*a 
voted  to  ordinnn-  sccr\-tion.aodtlMaeo(  the^'iUi  to  tbe  inverted 
secretioo.  We  mny  further  eooaider  tbe  conrenioa  of  food 
into  diffuKiible  su>MUtiH-V9i  as  in  the  nain  a  means  by  whieb  the 
materiul  of  the  fiHMl  enters  more  readily  into  the  mbataaoe  frf 
the  epillielial  cell  and  na  is  placed  more  easily  witbin  its  gia^  ; 
and  We  have  si^u  the  matenal.  bavitqc  tbtis  entend.  appeara  ta 
certain  c&-<e!t  lo  iiiiili  ij.n  iii  JimiMlialinliaatui  llwi  iiiiIiiiib  lwiia|[. 
oooverted  into  dextrose,  and  the  peptone  into  aooke  otber  pro- 
tmd.  (liffti&ibility  being  in  tim  latler  oaae  lort. 

Such  a  new.  however,  of  abwwptioo  as  a  kind  of  seerelian 
mnst  in  the  firet  instance  be  cMinted  to  tbe  first  ste|>  of  tbe 
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whole  process,  namely  the  transference  through  the  epithelium 
cell  from  the  inside  of  the  canal  to  the  lymph-space  of  the  villus. 
And  we  may  perhaps  be  inclined  still  to  regard  the  second  step 
the  transference  from  the  lymph-space  to  the  blood  stream  ae 
more  strictly  an  act  of  diffusion.  But  the  considerations  which 
we  urged  (5  236)  in  regard  to  translation  from  the  blood  vessel 
to  the  lymph-space  may  also  be  applied  to  the  reverse  current ; 
we  may  look  upon  this  as  something  mtich  much  complex  than, 
and  so  different  from,  ordinary  physical  diffusion. 


CHAPTER  11. 

RESPIRATION. 

§  SS4.  0ns  particular  item  nf  the  body's  income,  viz. 
ox\'gvn,  is  peculiarly  associated  with  one  particular  it«m  of  the 
btmy's  WH^te.  viz.  carbonic  acid,  inasmuch  as  the  means  which 
Mv  applied  for  the  iiitriKluction  of  the  former  are  also  used  for 
the  getting  rid  of  the  latter.  Both  are  gases,  and  the  ingress 
of  the  one  ibi  well  as  the  egress  of  the  other  seems  to  be  more 
dinvtly  de)H>iidctit  on  the  simple  physical  process  of  diffu^tHi 
tlian  on  any  acti\T.>  vital  processes  carried  on  by  means  of  tissues- 
OxvRi'n  pi\s»es  from  the  air  into  the  blood  mainly  by  diffusion, 
wni  maiiily  by  diffusion  also  from  the  blood  into  the  tissues ; 
in  the  sante  way  carlMinic  acid  passes  mainly  by  diffusion  from 
the  tissues  into  tlte  bhMHl,  and  from  the  blood  into  the  air. 
Whetvtts,  as  we  have  seen,  in  the  secretion  of  the  digestive 
juices  the  epitheliwm-cell  }'>la^~s  an  all-important  part,  in  respin- 
lion  the  entraiHV  of  ox%~gen  from  the  lungs  into  the'  blood,  and 
from  the  blixxl  into  (he  tissue,  and  the  pa^s^^e  of  oarlxtoic  acid 
in  the  ivntrarv  din.vtioiu  appear  to  be  affected,  if  at  all.  in  a 
whrtUy  sulxittUiutte  manner,  by  the  Whavioxir  of  the  pulmonarr. 
or  of  the  capillarii-  epithelium.  What  we  have  to  deal  with  in 
TVisptr^iion  then  is  not  ;*»  much  the  vital  activities  of  any  par- 
tictdar  tissue,  as  ihc  \-\uious  mech.^jiisms  by  which  a  rajwl 
intcivhange  lx'tw,vn  the  air  and  the  bKxx!  is  effevtM.  ilw 
mc.-»!>s  by  which  the  blvxnl  is  enablcrl  lo  carry  oxyi?fn  and  oar- 
K«i:.-  acid  to  and  fTi.»:n  the  tissues,  and  the  manner  in  whiri:  lae 
*'vvr»".  t'.ssaes  tike  oxyj??n  tr\*m  a;id  sT-vc  i-arb*^:iic  acid  =i>  to 
the  iit.vvi.  We  haw  n^'aA'as  for  :hir.K;:-,s:  :ha:  .^xyi^vr.  .-jc;  be 
tatcn  :;;u»  thr*  b":ix\i.  r..»:  o:i".y  :rv>ni  :he  li:=srs.  bu:  a1s.'«  to  a  .vr- 
ia:;i  srnal".  e\:c:'.:  fr.'r.-.  :ihe  skin.  ar,-i.  as  we  hsn?  i»:»ir„  ir-.c:  ibe 
al-.racr.:arv  car.a'.  a'.A* :  ar..\  i-Jir^>~:;  i.iii  ..vr:^r:".y  ^^assfs  iw:ay 
tT\v,-.i  ;hi'  skin,  at.--.  :hTv:;i:h  the  vjiri.v.;s  *>fi,r<-:i.'.rj.  as  w^U  *s 
!\\  ;V.e  '.■-".■.•.irs-  ^:---  ^-^^  "--"."-.i^  src  *.>  t-uT5;r.:iy  ;:--  ^iiKiaif--  til 
;bc  ■,r.:^"^.■"^.A^.J:e  ,•:  c**-*  '>-:vrnvr.  -he  rw-.y  i^i  :>..;■  iir.  ti^as  in 
iii-*l::-.c  »'  '^c  r.r:'*;'.:  w::>.  nit^vira;;,-.  w-;  i^-jL.  .■■.c-.r.^f  »■«:?- 
ft-".\~0!.  ir,:;re^y  ;.■  vcl—.^-tiiry  ri^isv-ir*:;  r.  ■.oji^iT.c  '-■=  .VGSsieT*- 
:>.\r,  »v:  :-■■.*  S">is:.-..iry  :Y;i-. ■■.ri:-.- ry  ;^^^-i*^l:*  ;;,i;  -mi  ^-vtae  l» 
*3;;.iy  ;C3c  suv :*■;:, ■c->  ;:  wi:,!-.  ^r.-iy  r:*i«>. :;v;>  f,-,— i  pi«. 
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{^  255'  I'he  luiifj^  are  placed,  in  a  Htate  which  iit  nlwa>'8  one 
of  <lii«l#iiflinn.  flompliiiieH  great«r.  sometimes  lejw.  in  the  air- 
tight thorax,  th«  cavity  of  which  they,  together  with  the  h^art, 
great  hlood  vessels  aud  other  orpins,  compkitely  fill.  Wy  the 
contraction  of  oertuiii  diumcIos  ihe  cavity  of  the  thorax  is 
etilarginl  Tho  htrigs  niiut  follow  thin  viihirf^mi^Qt  and  be 
t]iomw;lvt»(  «nlarged ,  otherwise  the  pleural  vnvitius  would  be 
enlarged,  but  this  i»  im|Kiftsihl«  ho  long  as  tJie  thoracic  walls 
an?  intact  The  enlargement  of  the  lung  eonvist^  diiefly  in  an 
enlargement  or  expan.4ion  of  the  pulmonary  alveoli,  the  air  in 
which  becomes  by  the  expansion  rarefied.  That  is  to  say  the 
pressure  of  the  air  within  the  lun^  b«:comcs  less  than  that  of 
tbe  sir  outside  the  body .  and  this  difference  of  pressure  eaiLsea 
H  rush  of  air  through  the  trtK'hea  into  the  lungs  until  an  equi- 
librium of  pressure  is  established  lietwet-n  thi^  air  inside  the 
lungs  and  that  outside.  TIuh  eon^tilutes  iuKpirntion.  Ujion 
the  reliaxatioii  of  the  iiiNpii-atory  muscles  (thf  iiiiiNi'leH  whrtsv 
eontraetiontt  liave  brought  almit  the  thoraeie  exiuinsion),  the 
elflflticity  of  the  lungs  and  chest^walls,  aided  perha|>s  to  some 
extent  by  the  contra(;tiou  of  certain  muscles,  causes  the  chest 
to  return  to  it«  original  size ;  in  eonsG<quenc«  of  this  the  pres- 
sure within  the  lungs  now  becomes  greater  than  that  outside, 
and  thus  air  nisbes  out  of  the  trucbea  until  equilibrium  is  once 
mure  established.  This  i-oiistitutes  expiration ;  the  iii»>]iiratorv 
and  expirulory  act  together  form  a  respiration.  The  fresh  air 
introduced  into  the  upjwr  ])art  of  the  pulmonary  |iassages  by 
the  inspiratory  movement  contains  more  oxygon  and  less  car- 
bnnie  acid  than  tlie  old  air  previously  present  in  the  lungs. 
Ky  diffusion  the  new  or  tidal  air,  as  it  is  (rvqucntly  enlled. 
gives  up  its  oxygeti  to,  and  takes  carbonic  acid  from,  the  old 
i>r  tlatioiutrjf  air,  ax  it  Iimk  K-en  ealled,  and  thus  when  it  leaves 
Uie  chest  in  expiratiim  has  l>e<tn  the  means  of  W>th  intniduring 
oxygen  into  the  chest  and  of  removing  carbonic  acid  from  it. 
In  this  way.  by  the  ebb  au<l  How  of  the  tidal  air,  and  by  diffu- 
sitHi   between  it  and  the  stationary  air.  the  whole  air  in  the 
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limgR  ifl  being  constantly  rcniiwod  through  the  alternate  expim* 
aion  and  contraction  of  the  chust. 

§  256.  In  oriJiniiry  rL-sjnnitiun,  thu  vx[)HnMon  of  the  chest 
novtfr  ri-ac-hcs  its*  miixinmin  ;  liy  nime  forcibk*  musculiir  con- 
traclioiia,  Ijy  what  is  calleii  hihunreii  iTi!i]tir.iIi(iii,  an  iuUUtiontil 
tlioriicic  exjiaii.sion  can  he  hronght  alioijt,  leading  to  tin*  inrush 
of  »  certain  acUlitional  quantity  of  air  hefore  equilibrinm  is 
estaliliahod.  This  adilitioual  quantity  is  often  spoken  of  as 
eomplemental  air.  In  the  sami;  way.  in  ordinary  respiiiition, 
the  coutractiou  of  thf  chest  uovt-r  readies  \\.»  inaxinmm.  lljf 
calling  into  iisc  lulditioiial  niusdes,  hy  a  hihourcd  expiration, 
an  adilitional  qimnlity  of  air,  the  sn-called  rewrve  or  supple- 
mental air,  may  l»e  driven  nut.  But  even  after  thf  iiiokI  forci- 
ble ex|)irfttion,  a  considerable  quantity  of  air.  (he  ri:»iiivnl  uir, 
xtill  i-emains  in  the  lungs.  The  natural  condition  of  the  lungs 
in  the  cheat  is  in  fact  one  of  partial  distension.  The  elatttiv 
pulmonary  tinHuo  is  always  to  a  certuin  extent  on  the  stretch ; 
it  is  ahvays,  so  to  speak,  striving  to  pull  asiuidcr  the  pulmonary 
from  the  parietal  pU^ura;  iiut  tliis  it  vannot  do.  because  the  air 
can  have  no  aet-ess  to  the  pleural  cavity.  When,  however,  the 
chest  ceases  to  he  air-tight,  when  hy  a  puncture  of  the  chest- 
wall  or  diaphi-agm.  air  is  freely  introduced  into  the  pleunil 
chamber,  the  elasticity  of  the  lungs  pulls  the  pulmonary  away 
from  the  parietal  pleura,  ami  the  lungs  shrink,  driving  out  by 
the  windpipe  a  eonsiderablu  quantity  of  the  residual  air.  Kven 
then,  however,  the  lungs  are  not  completely  emptied,  some  air 
still  remaining  in  Ihem;  thii*  is  probahly  "ir  imprisoned  in  the 
infundibiilit  hy  collapse  of  the  bronchioles,  the  wnlls  of  wliicb 
lire  nut  rigid  but  Haccid.  If  in  a  ]i^ing  animal  the  pres-sure  of 
the  atmosphere  continue  tu  have  access  to  the  out.side  of  a  Uing 
the  air  thus  iinnrisonod  is  gradiially  alworbed  and  the  lung 
Iteconies  solid,  rhe  same  result  may  occur  from  llie  pressure 
of  fluid  accumulated  in  tlie  pb^nral  cavity. 

It  need  hiirdly  be  a<lded  that  wtien  the  pleura  is  punctured, 
and  air  can  gain  /r^e  admittance  from  the  exterioi-  into  thu 
pleural  chanitjer.  since  the  resistance  to  the  entrance  of  the 
air  into  the  pleural  chamber  is  far  less  tlian  the  resistance  to 
the  entrance  into  the  lungs,  the  effect  of  the  respiratory  move- 
ments is  simply  to  drive  air  in  and  out  of  that  cliamlier.  instea*! 
of  in  and  out  of  the  lung.  There  is  in  consequence  no  renewal 
of  the  air  within  the  Uuigs  under  those  circumstance?!.  If 
th«r«  bu  a  Btifticient  oltstnele  to  the  entrance  of  air  into  th« 
pleural  chamber,  such  as  a  fold  of  lissne  blocking  up  the  o])en- 
ing,  the  expan.sion  of  the  cheat  may  still  lead  to  a  disti^naion  of 
the  lungs ;  and  in  this  way  in  some  cases  puncture  of  the  chest- 
walla  has  not  sei'ioHsly  interfered  with  respiration.  The  parietal 
and  pnluHinary  pleura  arc.  in  normal  circumstances,  separated 
by  a  very  thiii  layer  only  of  tluid.  so  that  we  may  perhaps 
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8[)vak  of  tlivui  iiH  bcin;;  in  a  slKt«  u(  '  adtiusion,'  auch  as  nbtains 
Ijetweeii  two  wtrt  mvmbrnrit's  miiwrini posed.  And  it  liati  been 
nuggeated  tluit  lliw  .idhe^inti.  having  to  hv  overeoiiu-  In^fon-  tlio 
two  8urfac«ti  can  sejtai-nto.  aKHifttM  in  jii^eveiiliii^  l)at  t^iitmnoo  of 
air  into  the  iileur:il  cavitv  after  jiimctur«  of  the  lliornx  ;  bnt 
it  has  not  l»oi>ii  clearly  shewn  tlmt  this  is  really  of  imjmrtance 
in  th*  mattor. 

§  257.  Ik'forc  birtli  thi^  lungs  contain  no  air  :  they  are  in 
the  condition  caltctl  atthctatiu.  Th«  walls  of  tliv  alveoli,  tlie 
eijithtjlinl  lining  of  which  im  at  tltut  tiiiu*  well  dcvi-IopL-d,  con- 
aUting  of  distinctly  nucleated  cf\\*  with  grannliirccll-sulKstiinuc. 
are  in  contact,  the  cavity  of  the  alveolu»  not  lining  iis  yet 
come  into  existence  ;  the  walls  of  the  bronchioles  are  simil«rly 
in  a  collajised  condition,  with  their  walls  touching  ;  the  more 
rigid  bronchia.  like  tlie  tracbc!a.  posHcsii  some  amount  of  himen 
which,  however,  is  occupied  by  fluid.  When  tbc  cbcst  expands 
with  the  lintt  breittli  taken,  llie  pressuix^  of  the  initpircd  iiir  hiwi 
to  ove«;oiiie  the  "adhe^tion."  obtaining  betwit-n  the  walls  of  the 
alveoli  Tliti8  in  contfti't  willi  each  other  and  nl»i^  those  of  th« 
bronchioles.  The  force  sjieiit  in  thus  o)ii>ning  out  and  unfold- 
ing, so  to  apeak,  the  alveoli  and  bronchiolea  is  coimiderable,  and 
in  tho  expiration  succeeding  the  first  inspiration  most  of  the 
air  thus  introduced  remains,  the  force  exerted  by  the  chest  in 
reluming  to  it^  previous  dimensions  after  the  brealbing  in,  and 
llic  elastic  action  of  tbc  alveoli  being  iiiKuflicicnt  to  bring  the 
walls  of  the  alveoli  again  into  contact.  Snceeeding  breatlia 
unfold  the  lungs  moiv  and  nioi-o  until  all  the  alveoli  and  bron* 
chiolea  are  opened  u]>,  and  then  the  whole  force  of  the  expiratory 
act  is  directed  to  driving  out  the  previously  inapii-ed  air. 

It  is  not.  however,  until  sometime  after  birth  that  the  lungs 
pan  into  that  further  distendetl  state  of  wbich  we  spoke  abovv. 
In  n  newly-born  animal  there  is  nu  negative  pressuiv  obtaining 
in  the  pleural  cavities,  the  lungs  when  at  rest  are  not  on  the 
■tretcli,  and  o|)ening  the  thorax  does  not  lead  to  collapse  of  the 
lungs.  The  atat«  of  things  obtaining  later  on  is  establUlied. 
not  at  once  but  gradually,  and  is  nppnrenllv  brought  about  by 
tbe  tliorax  growing  more  rapidly,  and  ao  becoming  rclati%idy 
nion^'  capacious  than  the  lungs.  The  distension  of  the  lun^ 
in  the  adult  ma]'  be  familiarly  described  as  being  due  to  the 
cIkisI  Wing  too  large  for  the  lungs. 

§  258.  In  man  the  presi<ure  exerted  by  tlie  ebiaticity  of  the 
lungs  alone  aniuuuts  to  about  5  or  7  mm.  of  mercury.  This  is 
eHiiniatcd  by  lying  a  manometer  into  the  windpipe  of  a  dead 
aubje<;t  and  ohwerving  the  rUe  of  mercury  which  takes  ]ilaco 
when  the  cbest-walla  are  punctureil.  If  we  took  7-I)  mm.  as 
the  pressure,  this  would  be  just  1/lUO  of  the  pressure  of  the 
atmosphere.  If  the  chest  be  forcibly  distended  Wforehand,  a 
much  larger  rise  of  tliv  murcurj'  ia  observed,  amouiiiing,  in  Uie 
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case  of  a  distonnioii  corrL-spoiuliii^  lo  i\  very  forcible  Inapira- 
tiun.  to  30  mm.  In  tliv  living;  budy  tliix  iiii!t:li)iiiical  clastic  forcn 
of  tin:  luufjs  may  l>e  uHitisted  Ity  the  oonlractioii  of  the  plain 
muscular  tibres  of  the  bronchi  ;  the  presftiire,  however,  which 
can  by  exerteil  by  these  probably  does  not  exceed  1  or  2  mm. 

W'iieii  a  Mianoineter  is  ijjtroduccd  into  a  lateral  opening  of 
ihe  windpipe  of  an  animal,  the  mercury  will  fall,  iudieatinp  a 
negative  preHHtire  im  it  is  ciiIIl-(1,  <lurLng  inHpiratioti,  and  rifle, 
indicating  a  poHitive  preKsurc.  during  expiration,  Iwth  fall  and 
rise  being  slight  and  varying  iiccording  to  the  freedom  with 
which  the  air  pusacH  iu  and  i>ut  of  t)ie  chest.  When  a  manom- 
Ctcr  i»  fitted  with  air-tight  closure  into  the  month,  or  lictter, 
in  order  to  avoid  tlie  siicUoii-iU'tion  of  the  month,  into  one 
iiot'tril.  tliH  other  noKtril  and  the  nioutii  being  closed,  and  efforti* 
of  inspiration  and  expiration  are  made,  the  mercury  falls  or 
undergoeH  negative  pressure  with  inspiration,  and  rinc8.  or  un- 
dergoes positive  pretisure  fluring  expiration.  It  has  been  found 
ill  this  way  tliat  the  negative  pressure  of  a  strong  inspirtttory 
effort  may  vary  from  30  to  "4  mm.,  and  the  positive  pressure 
of  a  strong  expiration  from  (52  to  100  nun. 

The  total  amount  of  air  whiob  mn  be  given  out  hy  the  mo*t 
forcible  expiration  following  upon  a  most  forcible  inspir.ation. 
that  us,  the  sum  of  the  com  pie  mental,  tidal  and  i-eserve  airs. 
has  been  called  -the  vital  capacity;'  'extreme  differential 
capacity  '  is  a  better  phrase.  It  may  be  measuix-d  by  a  moditi- 
Ciition  of  II  gas-meter  callctl  a  Spirometer :  and  tliuugh  it  varies 
largely,  the  average  may  be  put  down  at  S — 4000  c.c  (200  to 
250  ciibie  inches). 

Of  the  whole  meaauift  of  vital  capacity,  about  .500  c.c.  (JHO  c. 
inch)  may  Ite  put  down  as  the  average  amount  of  tidal  air,  the 
remainder  lieing  nearly  equally  divided  between  the  comple- 
mcntal  and  reserve  airs.  The  quantity  left  in  the  lungs  niter 
the  deepest  expiration  amounts  to  about  1400  or  2000  c,c. 

Since  thtf  respiratory  movomwnts  aro  so  easily  affwrted  by  varimin 
circiiiiistant-i'S,  the  simple  fiu>t  of  attention  i)eirig  directed  to  thn 
brcalliiiig  ln-ing  sufficient  to  cause  modificut.icns  both  of  the  rati'  and 
depth  iif  the  respiration,  it  bi'comea  verj*  dilficult  to  fix  thr  vohinie 
of  iLii  average  breath.  Thus  various  authors  have  given  fif[urex 
varying  from  53  o.e.  to  7112  cc.  The  statirmciit  lumle  above  i*  the 
mean  of  uhservatious  varying  from  177  to  69t{  e.e. 

§  259.  &ravhie  Rreordt  of  Respiratory  Mowmentt.  These 
may  be  obtained  in  nuuiy  various  wayK. 

The  aimpleat,  readiest  and  jierhapa  the  mogt  generally  useful 
method  is  that  of  recoi'iliu^'  the  movements  of  the  column  of  air. 
This  may  be  elTectei!  by  introducing  a  T  piece  into  the  trachea,  one 
cro3^  piece  bein^;  left  ofjen,  and  the  other  connected  with  a  Marey'e 
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9m.  96.   AmnJtTV*  ro*  takiko  Tkicikoh  or  the  Mo*E)iEm  or  niK 
COLi'KK  ur  Aim  in  RKSi-tKiinuK. 

the  neotdiag  appanuu  ihomi  b)  tli«  nrdlnKry  cylinder  roconliiijE  apparauu. 
The  «yllnihtr  A  covered  with  smoked  paipcr  ii  by  iumuis  of  the  fricUoa-idkti 
B  put  luU)  reTolQtiou  by  (he  tprinK  clock-vrork  in  C  rcpUaiist  by  FoiwmiH'*  nga 
luar  D,    By  meaiu  of  th«  »crcirr  E.  the  cylinder  cm  be  nitcd  or  lowcml,  kndl 
bjr  BieaaN  ol  tlw  icnw  F  iu  npi-cd  mny  be  iactvutai  or  dimlnUicd.  I 

Tho  traidinnuimy  tnb«  i  6xnl  Jn  ihe  mtclica  ft  w)  Milinsl  if  ooDOMUd  bfi 
Inilia-mbber  lubLns  a  wttb  ft  glaM  T  piece  iiuwrtrvl  into  the  iwf;»  ju  G.    ProuJ 
Ute  «(lii^r  vnd  at  the  T  pjeoe  pn>C<>mLi  &  secuiid  pivcr  of  tubiu):  b,  the  end  of* 
which  c»n  be  eiUitT  cio»td  or  partially  obeCructed  «l  pliaiiirv  by  mcanii  o(  thn 
■cren  clamp  f.     Fmm  Ibn  jar  piorpcdn  a  thlnl  piei'c  ol  tublns  d,  iH)nn(x;U>d  with 
a  Miut^y'H  tambour  m  (itm  fig.  M).  the  lertr  M  wliicli  I  writ<4  vu  lh»  ivourdiasj 
iiar&oe.    When  the  lobe  (  la  opeu  ihe  Utbiial  bre*t>ie«  fn.'ely  thrumli  tiiii.  mm] 
Uie  ntuvenieota  In  the  air  of  (i  and  oonaetiuently  in  the  tomboitr  are  *t\ghL. 
On  dating  the  clamp  e,  the  onSmnl  brattbcK  only  tlie  air  oontaiDnl  m  tlir-  Juv 
aitd  the  Diovrmtfnta  of  the  lenr  o(  the  uunbour  beconw  COtiseqiicntly  luuch 
more  muktd. 

Below  the  lenr  ia  aeeu  ■  stiiall  tine- marker  n  connected  whh  an  clectio- 
oiagnei,  the  current  throosh  which  coming  front  a  battesy  by  Uie  wirea  x  aad  f 
ia  made  and  broken  by  a  dock-worlc  or  metronome. 

tambour  or  with  n  recfriver  which  in  twm  i«  conn«ctc<)  wilh  a  tambour, 
»>*>•  Vig.  3<i,  (uid  Fig.  85.  Tlie  movwiifiits  of  the  column  of  air  in  the 
trai'licii  an;  trans iiiitt^l  to  the  tambour,  tUo  coR»cqa«nt  oxpansions 
itnil  iriintractionK  (if  whi<:}i  are  transmittal  to  the  rcuonliii^  unttn  by 
mKans  of  a  Icvnr  resting  on  it. 

If,  a  m'l-iviT  lieing  used,  the  opi-ti  end  of  the  K  Iw  closed,  the 
animal  brrathW"  intt>  an<l  out  of  the  riHJeiver,  and  tJte  mo^'rln9l]t«  of 
the  tnmbour  itT«  grcatl}'  increased.  This  hiiii  the  iltsadrantage  that 
the  luria  the  nnrciver  soon  beeomes  unfit  for  further  rc«piratioo. 
A  similar  increo-te  of  the  movements  of  the  levi-r  of  the  tambour 
may  be  obtained  by  connecting  a  piece  of  indiit-nibhor  tubing  to  the 
open  cud  of  the  K-  By  increasing  the  length  of  this  tube,  or  slightly 
constricting  it,  the  movements  of  t  hf  lever  may  he  increased  without 
veiy  serionsly  interfering  with  tlie  brejithing  of  the  animxl. 

In  another  method  the  movements  of  the  chest  am  reoonied. 
When  a  small  animal  such  as  a  rabbit  is  used,  the  whole  animal  may 
be  placed  in  au  air-tight  box,  breathing  being  carried  on  by  means  of 
a  tube  inserted  in  the  traeliua  luid  carried  through  an  air-tight  oritice 
in  the  wall  of  the  box.  By  another  oriHee  and  tube  the  air  in  the  box 
is  brought  into  connection  with  a  tambour,  which  accordingly  regis- 
ters the  changes  of  pressure  in  the  air  of  the  box  produc-*!  by  the 
movements  of  the  chest  (and  body)  and  thus  indirectly  the  move- 
ments of  the  chest.  In  man  and  larger  animals  the  chaiig<-s  in  the 
girth  of  the  chest  may  be  conveniently  recorded  by  means  of 
Marey's  pneumogiaph.  This  consists  of  a  hollow  elastic  cylinder, 
or  a  cylinder  with  elastic  ends,  the  interior  of  which  is  conitect«d 
wilii  a  tambour.  By  means  of  a  strap  attached  to  each  end  uf  the 
evlinder  the  inslniinient  can  bo  buckled  round  the  chest  like  a  gin^le. 
When  the  chest  expands,  the  rndw  of  the  cylind<ir  are  pulled  out, 
and  the  air  within  the  ehambiT  nirrfiefl:  in  eonscquenc*  the  lever 
of  the  tambour  connected  with  its  interior  is  depressed;  conversely, 
wbcn  the  cliest  contntcts,  the  lever  ia  elevated.    The  pneumatograph 


of  Pick  is  iwin«what  siinilftr.  Or  changes  in  oiio  or  other  diftmcter 
of  Um)  clii-st  may  be  n-cunicil  by  what  may  be  callrd  the  'c.iliipers' 
method,  as  in  the  reoordiiij;  stethoinvter  ot  Burdon-Sandorson.  This 
coiMists  of  a  rectangular  framework  constructed  of  two  rigid  parallel 
bus  joinmJ  nt  ri)i;ht  aiitiles  t.o  a  cross  ptci-c.  'I'hc  free  ends  of  the 
ban,  the  distance  between  which  can  bo  refjridatcd  at  pleasure,  are 
armed,  the  one  with  a  tambour,  the  other  simply  with  an  ivory 
button.  The  tambour  bears  on  the  metal  pl;it«  of  its  membrane 
(n'  Kig,  36)  a  small  ivury  button  in  phue  of  the  lever.  When  it  ia 
aesinM  to  roeord  the  ehaii^^es  uceurring  iii  auy  <liamcter  of  the  chest, 
*f.  Ml  antero-posterior  diameter  from  a  point  in  the  sternum  to  a 
point  in  tbe  back,  the  instrument  is  made  to  encirt^lc  the  ehest  some- 
what after  the  fashion  of  a  pair  of  callipers,  the  ivory  button  at  one 
frw  end  being  placed  on  the  spine  of  a  verti'bra  behind  and  the 
tambour  at  the  other  on  the  stenium  in  front  in  the  line  of  the  diajn* 
etor  which  is  bein^  studied.  The  distanee  bt^tween  the  free  ends  of 
the  instrument  being  carefully  adjiistod  so  that  the  button  of  the 
tambour  presses  lightly  on  the  sternum,  any  variations  in  the  length 
of  the  diameter  in  question  will,  since  thv  framework  of  the  tambour 
is  iiomobile.  give  rise  to  variations  of  pressure  within  the  tainhour. 
Tlwse  variations  of  the  'reeeiving'  tambour  as  it  is  c&Ued  are  con> 
reyed  by  a  flexible  tube  containing  air  to  a  seeond  or  'recording' 
tambonr,  the  lever  of  which  records  the  variations  on  a  travelling 
surface.  For  the  purpose  of  measuring  the  extent  of  the  movements 
th«  ittstrumcut  must  be  experimontalJy  gru<luated.  Uther  forma  of 
oallipers  may  of  course  bo  used. 

By  still  another  method  the  variations  in  intra-thoracic  pressure, 
ij  means  of  which  the  movements  of  the  chest-walls  produce  the 
laovement  of  air  in  the  lungs,  may  be  recorded.  This  may  be 
effected  by  introducing  carefully,  to  the  total  exclusion  of  air.  into 
a  pleural  canty,  or  into  the  iMPricArdial  cavity,  a  camiuta  connected 
by  ft  rigid  tube  with  a  ULinometer.  With  each  inspiration  a  nega* 
tlTe  pressure,  or  rather  an  ineiease  of  the  existing  negative  pressure. 
is  produced,  the  mercury,  or  liuid.  in  the  manometer  returning  at 
eaen  expiration.  An  easier  method  of  recording  this  intra-thoracic 
pressure  is  to  introduce  into  the  issophagus  an  elastic  sound  (similar 
to  the  nudiac  soun<l  Fig.  36)  connected  with  a  tambour.  The 
msophagUB  within  the  thorax  like  the  heart  and  great  vessels,  as 
we  shall  see,  is  affected  as  well  as  the  lungs  by  the  variations 
of  intra-thoracic  pressure  brought  about  by  toe  respiraton'  move- 
ments. 

In  yet  another  method  the  movements  of  the  diaphragm  which, 
aa  we  shall  see,  serve  as  the  prime  agent  in  bringing  about  the 
enlargement  of  the  thoracic  cavity  are  recorded.  This  may  bo  done 
hj  inserting,  tbroagh  an  incision  in  the  abdominal  wal  I,  a  Hat  elastic 
bog  between  tbe  diaphragm  and  abdominal  organs.  When  in  inspi- 
ration the  diaphragm  descends  it  exerts  on  the  b^  a  pressure  wbieb* 
by  means  of  a  tube,  may  be  communicatod  to  a  tambour.  Or  a 
needle  may  be  thrust  through  the  ehest-wall  so  as  to  rest  upon  or 
transfix  the  diaphragm,  and  the  head  of  the  needle  outside  the  body 
connected  by  a  thread  or  otherwise  with  a  lever ;  each  upward  and 

award  movement  of  the  head  of  tlie  needle,  corresponilnig  to  tho 
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downward  and  tipward  morcmcnU  of  the  diaphrogm,  is  rcgistcne 
by  ths  lever. 

Various  modifications  of  thm«  sovonil  methods  hare  bren  adopter 
by  various  obBcrvcis.    They  all,  howeri-r,  lc»vr  mui-h  to  be  d<>siivd. 
A  Tory  ingi'nioits  method  of  ivgistvnng  tbc  coiitraiitiuns  of  tlie  dit- 
phragrn  tuw  n-c-iitly  ttrvn  iiitroduc<-d.     In  the  rabt>iC  two  slinsof 
iuiiscul»i-  Hhres  forming  {uirt  of  thi;  diaphnkgm,  one  on  eaeb  si<U  of 
the  i-nsifomi  cartiliigr,  ain  so  disposed  utd  possess  suvh  nttociuaMi 
tliat  unc,  or  both  of  th^'m,  may  oa  isolatvd,  withoot  injury  to  eitki 
nerves  or  blwxt  vi-^sels,  aikI  arranged  so  tbut  while  one  end  of  tbt 
slip  is  s«uurcly  lixcl  to  the  chest-wall  us  a  tixcil  roint,  the  other  oti 
CDii  by  a  tbr«iul  be  brought  to  bt-ar  on  u  tnvpr.     Ttio  slip,  i-riii  whts 
thus  urran^-d,  upprurs  to  contravt  rhythmicallr  in  coni)iliHe  iiiiiM 
with  tbf  conti^-tiuiu  of  thir  whole  rest  of  the  diaphntgin ;  it  xm 
so  to  spc^k  as  A  siunplc  of  the  diiiplir^igm;  and  hence  tt«  ccaitn» 
tions  like  those  of  the  n-ltole  disphr.kcm  may  be  takrn  as  a  iMuld 
of  respiratory  muvvmenbt.     Th<-  record  luu  to  be  corrected  for  na 
BtioDS  in  the  position  of  tiie  tixed  poinL 

§  S60.  In  tlie»e  varioai  wayA  curve;)  are  obtained,  whid, 
n-hilo  differing  in  detail,  exhibit  the  same  ^neral  features,  iw' 
more  or  less  resemble  the  curve  sliewn  in     ~ 


Pm.  M.  Taionts  o*  T^nttACK  RcimuTOBT  HArxMon  (wrtosp  >> 
MaAM  or  )l>kET'>  PjcKCMOAaAnt. 

A  wbole  leifltaiaiT  pteM  is  oonpriwd  twt  WMB  «  a«d  a ;  taspinilta.  doMC 
wtaUi  Uw  teT«r  iitami*,  ettwiJing  tnm  «  to  k.  nd  nphlhM  Inm  *■* 
The  ondiilaUoM  u  «  >n  immJ  ty  die  banfs  bast. 

As  tlie  figure  shewK.  inspiralMM)  begins  sotiKwhal  saddaiT 
and  advances  rapttllv,  beii^  foUowed  immediately-  by  eiptO' 
tioo,  which  b  eanietf  out  at  fint  rspidly.  bat  aflerwans  moK 
and  more  sknrij.  StM^  paasee  as  are  seen  usoally  aeciP 
between  the  end  of  exptrstioo  and  the  bciginnini;  of  lofptnt)* 
In  oonnal  hnathing.  hardly  any  such  puuc  exirts.  bttt  tn  cM* 
where  the  rvsiuraiMn  beoooM*  iofte^aeot,  pauaos  of  consdoa'^ 
length  niav  ho  ohwrred.  A»  we  shall  see  in  detail  hetetfMb 
the  seretai  parts  ol  the  whole  act  vary  much,  under  varioaa  la^ 
'  .  in  relatian  to  cadt  other.  Sotnetitnes  eipiiiri* 
iaqamtuB  is  pnilo^«d;    and  etthu*   '      '  ''^ 
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or  expiration  may  bo  slow  or  rapid  in  iu  developmeiit .  At 
tiroes  tb«  pIk-sI  may  rt-nDiiii  for  a  wtiilc  at  the  li«ight  of  iri^piiti- 
tian,  tliiu  mukiiis;  n  jmtim^  Ix-lwi^eii  itisjiiration  and  exiiiration. 

Ill  wliut  iiiiiy  Im-  i:oii:<i<li-i-eil  tui  iKinnal  bronthing.  the  rosi)ir- 
Htory  act  is  rej)eated  about  17  time^i  a  lauiutv,  the  diirutiou  of 
ttie  ins|iiration  iut  compared  witli  that  of  the  expiriitioii  (and 
8itob  pautie  aa  may  exist)  being  about  as  ten  to  twelve :  but  the 
rate  varies  very  largely ;  and  in  this  as  in  the  volume  of  each 
breath  it  is  wry  difiicult  to  lix  a  satit;r»clory  average,  tlie  lignres 
giv<?n  varyinff  from  20  to  13  n  ri)iiiiik-.  It  vnrk's  acitordiiig  to 
age  and  iwx.  It  is  iiiflueni^ed  by  1h»?  jHtKition  of  ihi;  body,  Ix-ing 
quicker  in  Ktanding  than  in  lying,  and  in  lying  than  in  Mtliiig. 
MuMCiilar  exertion  and  emotional  conditions  atTei-t  il  ditejily. 
In  fact,  almost  every  event  wliich  occurs  iji  the  body  may  influ- 
ence it.  We  sball  liavc  to  consider  in  detail  hereafter  the  man- 
ner in  which  thcM^  inlluenccH  aru  brought  to  Ix-ar. 

Wlien  the  ordinary  respinilory  iiiovuiuvnl«  prove  insufficient 
to  effect  the  nccea«ary  ciianges  in  the  bloixl,  their  rhythm  and 
cluiracler  Iwtwne  changed.  Normal  rcotpimtioii  giviw  pluee  to 
liiboured  respiration,  smd  this  in  turn  to  diftpnaea,  vvliicb.  uide^x 
some  restorative  event  occurs,  terminates  in  asphyxia.  These 
ahnormal  conditions  we  sludl  study  more  fiiUy  hereafter. 

Tlte  RfUpiratorif  Moiffmtnt%. 

§  361.  When  the  movements  of  the  chest  dtiring  normal 
breathing  are  watched,  or  wlien  a  gra|>hic  record  is  taken  liy  on« 
or  other  of  the  metlioda  jii.'«t  desorilied,  it  is  seen  that  during 
iospiration  an  enlargement  takes  place  in  the  antero-posterior 
dianieter,  the  st«mum  lieing  thrown  forwards,  and  at  the  same 
time  moving  upward.  'Die  lateral  wi<lth  of  the  chest  is  also 
increased.  The  vertical  incrcjisc  of  the  cavity  is  not  so  obvious 
from  the  outside,  though  when  the  movements  of  the  diiipbragm 
•re  watched  by  mcuiw  of  an  inxcrtcd  needle  or  olherwise,  it  ia 
clear  that  the  upper  surface  of  that  organ  descends  at  each 
bttptration,  the  anterior  walls  of  the  alKlnmen  bulging  out  at 
the  same  time.  In  the  female  human  subject,  the  movement  of 
the  iip{>er  part  of  tlie  chest  is  usually  conspicuous,  the  breast 
rising  and  falling  with  every  rcftpiration  ;  wliilc  in  the  male,  the 
movements  of  the  lower  juvrt  of  (he  chest  are  mon^  marked. 
In  labourvd  respiration  all  pails  of  the  che8t  are  alternately 
expanded  and  contract«d,  the  breiist  rising  and  falling  m  well 
ill  the  male  a«  in  lite  female.  We  have  now  to  cnnxiaer  tJiese 
Mevernl  moveinentti  in  greater  detail,  and  to  study  the  means  by 
which  they  are  carried  out. 

§  362,  Inffiiration.  There  are  two  chief  meMmi  by  which  the 
chest  is  enlarged  in  normal  itispimtion,  viz.  the  descent  of  the 
diapbragra  and  the  cluvatiou  of  the  ribs.     The  former  cnuNca 
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llial  niuvenient  in  tlie  lower  part  <if  tl)«  chest  and  abdomeu 
liirgeiy  oharaRteristtc  of  inale  breathing,  which  18  henc«  called 
diapiiraginatic ;  the  latt^^r  causes  the  movement  of  llw  upper 
chest  largely  c;haract«ristio  of  fem»Ie  brvutliiDg.  wliich  is  called 
coHtal.  These  two  main  factors  urv  iuwlsted  by  less  important 
and  subsidiary  «vetits. 

Even  in  tlie  female  human  subject,  th«  ^lare  taken  in  rc»pi- 
ration  by  tlie  diaphragm  is  an  important  one,  in  the  male  the 
diajihragm  mu»t  be  reganled  as  the  chief  respinttory  agent,  and 
in  some  aniroabi  its  uHe,  for  this  piu'pose,  i^  so  prominent  that 
the  movements  of  tliu  ribs  may  in  normal  hreiithiii.!>^  bv  almost 
neglected.  In  thu  rubbit  for  instuncc.  in  normal  bruuthing, 
almost  all  thu  respiratory  u'ork  is  done  by  the  con tnu;! ions  of 
tlic  diaphntjpu. 

Tlie  descMint  of  the  <liaphra(fm  i«  effected  by  means  of  the 
eontraction  of  its  muscular  tibres.     When  at  rest  the  diaphraj^Q] 

!i resents  a  convex  surface  to  the  thorax ;  when  contract**!  it 
leiiomea  much  flatter,  and  in  consequence  the  level  of  the  chest- 
tloor  is  lowered,  tbu  vvrticul  diameter  of  the  chest  being  pro- 
portionately oularged-  In  d«;sL':endiiig,  the  diaphragm  presses  on 
the  abdominal  viscera,  and  so  cause:*  a  projection  of  t)>c  flaccid 
abdominal  walU.  From  its  attat^hments  to  the  sternum  and  the 
false  ribs,  the  diaphragm,  while  contracting,  naturally  tends 
to  pull  the  sternum  and  the  tipper  false  ribs  downwanht  and 
inwards,  and  the  lower  false  ribs  upwards  and  inwards,  towardm 
the  lumbar  spine.  I  n  normal  breathing,  this  tendency  produces 
little  effect.  i>ciug  counteracted  by  the  accompanying  general 
costal  elevation,  and  by  curtain  special  muscles  to  be  mentioned 
presently.  In  foroed  inspiration,  however,  and  especially  wbero 
there  is  any  obstruction  to  the  entrance  of  air  into  the  lungs, 
the  lower  film  may  lie  so  much  drawn  in  by  the  contraction  of 
tlie  diaphragm,  that  the  girth  of  tite  tnink  at  this  |ioint  is 
obvious!)'  diminished. 

§  263.  The  elevation  of  the  ribs  is  a  much  more  complex 
matter  than  the  descent  of  the  diaphragm.  If  we  examine  any 
one  rib,  such  us  the  fifth,  wu  fmd  that  while  it  moves  freely  on 
its  vertebnd  articulation,  it  inclines  when  in  the  position  of  rest 
in  an  oblique  direction  from  the  »piiie  to  the  sternnin  ;  hence  it 
in  obvious  that  when  the  rib  is  raised,  its  stenial  attaehmeut 
must  not  only  be  can-ied  upward,  but  also  thromi  forward. 
The  rib  may  in  fact  be  regarded  as  a  ratlins,  moving  on  the  ver- 
tobml  articulation  as  u  centre,  and  causing  the  sternal  attach- 
ment to  describe  an  arc  of  a  circle  in  the  rertieal  plane  of  the 
iKtdy :  Its  the  rib  is  carried  upwards  from  an  oblique  to  a  more 
hoHxont^tl  ponitinn,  the  stcnml  attnchmeiit  nuiJit  nf  necessity  be 
carrit^l  farther  away  in  front  of  t)ie  spine.  Since  all  the  rilw 
have  a  downward  slanting  direction,  they  must  all  tend,  when 
raised  towards  the  horizontal  position,  to  thrust  the  storuiun 
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forward,  xoniv  more  than  others  according*  to  their  sIopL-  mitl 
k'liglh.  Tlitt  eliwlicitv  <'f  the  .stfrmini  iiml  voxtul  curtiluj^cm. 
iitc!ii»t^l  by  Ui«  ni'l.it'iilatioii  of  Llie  8ti?niiim  in  tht*  (.-liiviolv 
ulmve.  i)er[nits  th«  front  nurface  of  the  chest  to  lie  thiitt  thrust 
forwiirds  as  well  as  upwards,  when  the  ribs  are  raided.  Uy  this 
action,  the  anttro-ixjBterior  diameter  of  the  chent  Ui  enkrge<l. 

Since  the  rtb)i  form  arches  wliich  increase  in  their  sweep  a» 
uiiv  pruceeils  from  the  first  dowiiwitnis  iis  fnr  nt  U'^ast  as  the 
mveiilli,  it  iit  cvidfiit  llml  wlicii  a  hiw«r  rib  such  iis  llie  fifth  is 
elevated  so  an  to  occupy  or  to  approach  towardH  tlit-  position  of 
the  one  ahove  it.  the  ciiest  at  that  level  will  liecome  wider  from 
side  to  side,  in  proportion  sis  the  fifth  arch  is  witier  thiui  the 
fourth.  Thus  the  clex'ation  of  the  rib  increases  jjot  only  the 
antoro-postcrior  but  also  the  truiisvcrse  diauietor  of  the  chest- 
Further,  on  (icct>iint  of  tlic  resistniicc  of  the  sternum,  ihc  utigleit 
between  the  ribs  imd  their  oartilupes  are,  in  tlie  elevntion  of  the 
rihn,  somewhut  oi>eiied  out,  and  thus  also  the  trniiKverse  as  well 
a»  the  nnt«ro-])osterior  diameter. somewhat  increased.  In  more 
tbui  one  way,  then,  the  elevation  of  tlie  rilMt  enlarge  tlie  rlijncn- 
Bons  of  the  chest. 

$  864.  1'he  rilts  are  raised  by  the  contraction  of  certftin 
muBCle«.  Of  these  the  external  intercostals  are  perhaps  the 
mowt  im|K>rtHiit.  Even  in  tliu  cnse  where  two  rib«,  such  nit  the 
fifth  and  Ktxth,  iirt^'  isolated  from  the  rest  of  the  thoracic  cage, 
by  seetiun  of  the  structures  (wcnpying  the  inler^^ostjil  8|>aces 
above  and  below,  the  contraction  of  the  external  intercostal 
miisele  of  the  intervening  space  raises  the  two  ribfl,  thux  bring- 
inj;  them  towards  the  position  in  which  the  fibres  of  the  muscle 
have  the  shortest  length,  viz.  the  horizontal  one.  This  elevat- 
ing action  is.  in  the  entire  chest,  further  favoured  by  the  fact 
that  the  firxt  rib  i»  less  moveable  than  the  second.  aiKi  so  alTords 
a  comiuinitively  fixed  bast'  for  the  action  of  the  muscles  Ix-twcen 
t]ie  twiK  the  sei-ond  in  turn  8up)ioi-ting  the  Ihinl,  and  so  on, 
while  the  Kcaleiii  muitcles  in  aildition  serve  to  render  fixed,  or  to 
raLw,  the  limt  two  ril»<.  So  that  in  normal  rejipiration,  the  avt 
may  proliably  lie  described  as  t)eginning  by  a  contraction  of  the 
Hcaleni.  The  tirst  two  ribs  bciuy  thus  raised  or  at  least  fixed. 
the  contraction  of  the  series  of  external  intercostal  muscles  acts 
al  a  f;reat  adviitit^i^e. 

While  the  elevating,  i.t.  iiispimtory  action  of  the  external 
intercostals  is  wimitted  by  nearly  all  authors,  tlie  function  of 
ttie  internal  inton-oslals  has  been  much  disputed.  Some  regard 
their  action  as  wholly  inspiratory ;  others  maintain,  what  is 
perhajM  the  more  commonly  adopted  view,  that  while  those 
fmrls  lit  them  which  lie  between  the  sternal  cartilages  act  like 
the  external  intcrco?itals  as  etcviitora.  i.e.  as  iuKpiratorv  in  func- 
lioii,  th'Hw  parts  which  lie  between  tliv  <nu)eons  ribs  net  as  depres- 
Mora,  i.t.  as  expiratory  in  (unction. 


436 


MOVEMENTS  OF  THE  RIBS, 


[BooE 


In  the  wcll-kiiuwii  model  ooiiMiKliiig  of  two  ri^id  bars  i"^^! 
resenting  tlie  ribs,  moving  vertically  by  means  of  tlivirurli<.-u.] 
tionii  »'ith  an  upright  representing  the  spine,  and  tronn<%led      a 
their  free  ends  Ijy  a  piece  i-eprcsent iiig  the  sternum,  it  in  vxii- 
doilbtpdly  true  that  strctL-licd  elastic  bands  attached  to  the  bqr^ 
in  such  a  way  us  to  Tcpri-strnt  ri'speclively  tin-  external  and  in- 
ternul  iiitcrcostals,  viz.  sloping  in  thu  onv  cuse  downwanls  ami 
forwardit  iind  in  the  other  downwards  and  biiekwurds,  do,  on 
being  left  free  to  contract,  in  iJie  former  case  elevate  and  in  tlie 
latter  depres;^  the  rilxt.     Such  a  model  however  doe«  not  fairlr 
represent  the  natural  conditions  of   the  rilxs,  which   ure  not 
straight  and  rigid,  but  [tcculiarly  curved  and  of  varying  ete* 
tieity.  capable  moreover  of  rotation  on  their  own  axes,  and  lav- 
ing their  movements  determined  by   the  characters  of  tittir 
vcrtobrnl  urlicuktions.     Th«  mi'L-buniciit  conditions  in  ttuA  »f 
these  mUMclus  are  so  complex,  ihtit  a  deduction  of  their  actions 
from  simple  mechiiiiicul  principles,  or  from  the  direction  of  lii* 
flbi-es,  must  l>e  exet^cdingly  dillionlt  ;iiul  dungi-rous.     .\<-lii»J 
experiments  on  the  cat  and  dog  tend  lo  shew  (bill  in  thes*' ani- 
mals the  contraction  of  the  internal  intercostids.  ahmg  tin*'' 
whole  length,  takes  place,  in  point  of  time,  alternately  witJ  iha* 
ot  the  diaphragm,  and  thus  afford  an  argiunent  in  faroor  rf 
these  muscles  being  expiratory  in  function. 

Next  in  imporiaiicv  to  the  exlcrniil  intercostals  coiv  tbo 
levatores  costanim.  which,  though  small  muselw,  iirv  able.  froO* 
the  nearness  of  their  costal  insertions  to  the  fulcrum,  to  produc* 
considerable  movement  of  the  sternal  emis  of  the  rib*.  TJi* 
external  interco^Ials  and  the  levatores  costamm  with  the  sralcni 
may  fairly  be  said  to  be  the  elevators  of  the  ribs,  i.e.  the  die' 
muHcles  of  costal  inspimtion  in  normal  breathing. 

It  must  be  iiddctl  however  that  some  obseners  deny  that 
either  net  uf  inteivost^l  muiicles  lake  any  important  port  in  rail*' 
ing  the  ribs.  They  hold  that  the  chief  if  not  the  only  use  t»f 
these  miwcK-s  is  by  their  contnuilion  to  render  tire  inlMto«l»l 
spaces  hrm  and  the  whole  thoracic  cage  rigid,  so  tlial  Uie  tlwnx 
18  moved  as  a  whole  by  the  other  muscles  mentioned,  and  ll>^ 
intercostal  spaces  do  not  give  way  during  the  respiraloiy  movv- 
fncnt«. 

Additional  space  in  tho  transverse  diameter  is  afforded  prob* 
ably  by  the  rutalioi>  of  the  ribs  on  nn  ante ro- posterior  axia ;  I'O* 
this  movement  i.-«  quite  subsidiiiry  and  unimportant.  Witentl^ 
chest  is  at  rest,  the  ribs  are  somewhat  inclined  with  tlieirl»W 
borders  directed  inwards  as  well  as  downwanls.  When  they  art 
drawn  up  by  the  action  of  the  intercostal  muscles,  their  low* 
borders  are  everted.  Thius  their  flat  sides  are  presented  to 
thoracic  cavity,  which  is  ihei-eby  slightly  increased  in  wid' 

§265.     Ltiiourfd  Impirati<m.     \\'hen  respiration 
laboured,  other  muscles  are  brought  into  play.     The  acaleni 
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strons'ly  contracted,  so  ax  diMmcUv  to  ruiiw  or  at  leust  give  a 
very  hx«d  support  to  tlte  fit>t  ana  second  ribx.  fri  tlic  siiiae 
way  lli«  !«-n'itlu.s  powticiw  siijwrior.  which  ile!tct>n()»  from  the  fixi-d 
Kpineiit  the  lower  cervical  ami  upper  doi'sal  regions  tn  the  suroiid. 
tfainl.  f«iirth.  luid  fifth  ribs,  by  its  contnictious  raisies  those  ribs. 
In  labcturud  bi-vatfiiiip  a  fuDctiuii  of  tb<.-  lon-trr  false  ribs,  not  \'ery 
notifuabli^  ill  uiisy  brt-athinft*  fomwi  iiit«  play.  They  are  de- 
pn.-!tiw(l,  ri.-truc'tcd,  iiiid  lixed,  thereby  K'^ii'R  iiicrctaDcd  support 
to  the  diujihriigiii.  and  directing  the  whole  enertiJKs  of  that  mus- 
cle to  the  verticiU  enlargement  of  the  chest.  In  this  way  th« 
serratu^  posticus  inferior,  which  passes  upward  from  the  Iniubur 
aponeurosis  to  the  last  four  ribs,  by  depressing  and  fixing  tJiDse 
ribs  becomes  mi  adjuvant  inspiratory  musck-.  The  quadratus 
luraborum  aud  lower  portions  of  iLc  sacro-luiubalis  may  have  a 
similar  function. 

.-Ml  these  muscles  may  come  into  action  even  in  breathing 
which,  though  deejier  than  usual,  ran  hardly  perhnjis  in-  c-ulk^ 
lalmuit-ii.  When,  however,  the  need  for  greater  inspiratory 
efToMji  becomes  urgent,  all  the  muscles  which  can.  from  any  tixed 
jioint,  act  in  enlarging  the  chest,  come  into  play.  Thus  iJie 
arms  ami  shoulder  being  fixed,  the  scrratus  magnus  passing  from 
the  scapula  to  the  middle  of  the  first  eight  or  nine  ribs,  the  pec- 
toralis  minor  passing  from  the  eorncuid  to  the  front  parts  of  the 
thirt),  fourth,  and  fifth  ribs,  the  pectoralis  major  passing  from 
the  humerus  to  the  costal  cartilages,  from  the  second  to  the  sixth, 
and  ttuit  portion  of  the  latissimns  dorsi  which  passex  fnini  the 
humenis  to  tlie  last  three  ribs,  all  ser^'e  to  elevate  the  ribs  and 
thus  to  enlarge  the  chest.  The  stern o-masto id  and  other  miift- 
dftt  passing  from  the  neck  to  the  titcnium.  are  also  called  into 
action.  In  fact,  every  muscle  which  by  its  contraction  can  cither 
i-lcvHtc  the  ribs  or  contribute  to  the  lixcd  snpport  uf  muscles 
which  do  elevate  the  ribs,  such  as  the  tni|H.iins,  levator  aiiguli 
scnpulii:  Hn<l  rliomboiifei  by  tixing  the  .-sciipuhi.  may,  in  the  Jn- 
spimtory  eflfurts  which  ut'cumpimy  dyspmeo,  lie  brought  into 
play. 

§  266.  Expiration.  In  normal  easy  breathing,  expiration  is 
in  tlie  main  a  simple  effect  of  elastic  reaction.  Uy  the  inspira- 
tory effort  the  elastic  tissue  of  the  lungs  Li  put  on  the  stretch  ; 
BO  long  as  the  inspiratory  muscles  continue  cimtracting.  the 
tissue  remains  stretched,  but  directly  those  museles  relax,  the 
elasticity  of  the  lungs  comes  into  play  and  drives  out  a  |iortion 
of  the  air  contaiiieu  in  th«m.  Similarly  the  elastic  sternum 
and  CMttal  eartilnges  are  by  the  elevation  of  the  ribs  put  on  the 
stretch  :  they  Hre  driven  into  a  pottition  which  is  unnatnral  to 
litem.  When  the  iiiteivoslal  and  other  elevator  musclea  cease 
to  contract,  the  eliisticity  of  the  sternum  and  coatal  I'artilages 
causes  them  to  rcluni  to  their  previous  position,  thim  depressing 
the  ribs,  and  diminishing  the  dimeoiiiuius  of  the  chest.     When 
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tlie  diaphragm  deMci-iulM,  in  puitliing  down  tlie  ubdoininul  viscera. 
it  puts  the  abdoiiiitial  walls  on  the  stretch  :  and  lieiicv,  wLun  at 
the  end  of  inspiratinn  the  diaphragm  relax«»,  the  abilottiiiuil 
walls  return  to  their  place,  and  by  pre8smg  on  the  ahdoniiiuil 
viflcera.  push  the  diaphragm  uii  again  into  itR  jtoaition  of  rest. 
Expiration  then  during  easy  breathing  is.  in  the  main,  simple 
vlustit;  reaction  ;  but  there  i«  probably  sonus  though  possibly  in 
most  vases,  u  wr}'  slight,  expt-ndituro  uf  muscular  energy  to 
bring  the  cheat  more  rapidly  to  JU*  former  (.londition.  This  is. 
as  we  have  seen,  xnpposed  by  many  to  l»e  afforded  by  the  iutei^ 
nal  intercoKtalx  acting  a.H  depresHors  of  the  ribt<.  If  liie)«e  do 
not  act  in  this  way,  we  may  suppose  that  the  el.istic  return  of 
the  abdominal  walls  is  accompanied  and  assisted  by  a  contrac- 
tion of  the  abdominal  muscles.  The  triangularis  stemi,  the 
effect  of  whose  contraction  is  to  jjull  down  the  costal  cartilages, 
may  also  be  regarded  as  an  expiratory  muscle. 

When  expinition  becomes  laboured,  the  abdominal  muscles 
become  important  expiratory  agents.  By  pressing  on  the  con- 
tents of  the  abdomen,  they  thniBt  them  and  tlierefore  the  dia- 
phragm also  up  towards  the  chest,  the  vertical  iliameter  of  which 
IS  thereby  Icwened.  while  by  pulling  down  the  sternum  and  the 
middle  and  lower  ribs  they  lessen  also  the  cavity  of  the  chcsl 
in  its  untero-postcrior  and  transverse  diameters.  They  are,  in 
fact,  the  chief  expiratory  muscles,  thougli  they  are  cloiibtle»i 
UHistad  by  the  serratus  posticus  inferior  and  portions  of  the 
sacro-lumbalis.  since  when  the  diiLjihragin  is  not  contracting, 
the  depression  of  the  lower  ribs  which  the  eoiitractiun  of  these 
nmaclM  causes,  serveK  only  to  narrow  the  chest.  As  expiration 
becomoa  more  and  more  forced,  every  muscle  in  the  body  which 
e-an  either  by  contracting  depress  the  ribs,  or  pre**  on  the  ab- 
dominal viscera,  or  affoi^  fixed  support  to  muscles  having  thoise 
actions,  is  called  into  play, 

!}  267.  facial  and  Laryngeal  Rempiration.  The  thoracic 
respiratory  nioveuieats  are  accompanied  by  associated  respira- 
tory movements  of  other  jiarts  of  the  l>o(ly,  more  particularly  of 
the  face  and  of  the  glottis. 

in  normal  healthy  respiration,  the  current  of  air  which  passes 

in  and  out  of  the  lungs,  travels,  not  through  the  mouth  but 

1  the  nose,  chiefly  through  the  lower  nasal  meatus.    The 

-.  by  expo.«ure  to  the  vascular  mucous  membrane  of 

and    winding   na.sal    [lassagus.  is  more   cDiciently 

't  would  l)e  if  it  passed  thn^uigh  the  mouth  :  and 

le  the  mouth  is  thereby  priit«t«<l  from  the  desic- 

'  the  continual  inroa<l  of  comiiai-atively  dry  air. 

h  inspirm;nrv  effort   the  noatrils  are   ex|ianded. 

be  actif>i^  „^   tl»e  «\Uat*ireft  naris.  and  thus  the 

'aciIitii.v.,.A,     TUo  return  to  their  previous  condi- 

^tioti    .'.  ogected  M  ^  elasticity  of  the  nasal 
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cartil^es,  assisted  perhaps  by  the  contpressores  DarL».  Tkix 
Diovement  of  the  noHtriU,  perceptible  in  many  people  even  diiriuj^ 
tranquil  breathing,  becomes  very  obvious  in  laboured  respira- 
tion. 

When  the  mouth  is  olosed,  the  xoft  p»latc  which  is  h<?ld  some- 
what t«u«e,  ia  swayed  by  the  respiiiiKjry  i-urrtnl.  but  entirely 
in  u  passive  manner,  and  it  is  not  until  the  larynx  in  riMiehvd  by 
the  ingoing  air  that  any  active  movements  are  met  with.  When 
the  larynx  (the  details  of  which  we  shall  liave  to  deal  with  at 
a  later  part  of  this  work)  is  examined  witli  the  laryngoscope, 
it  is  frequently  seen  that,  while  dtiring  inspiration  the  glottis 
is  widely  open,  with  each  expiration  the  aryttnoid  cartilages 
araroach  each  otlier  so  as  to  narrow  the  glottis,  the  cartilages 
01  Santorini  projceting  inwards  at  the  same  time.  Thus,  syn- 
chronous witii  the  respiratory  expansion  and  coutniotion  of  the 
cliest,  and  the  rui]}iratory  elevntiou  and  depression  of  the  alw 
nasi,  there  Is  a  rhythmie  widening  and  narrowing  of  thi;  glottis. 
Like  the  movements  of  the  nostril,  this  respiratory  action  of  iJie 
glottis  is  much  more  evident  in  laboured  than  in  tranquil  breath- 
ing, indeed  in  the  latter  cjiae  it  is  frequently  absent.  The 
manner  in  which  this  rhythmic  opening  and  narrowing  is  effected 
will  be  descrilred  when  we  come  to  study  the  production  of  the 
voice.  Whether  there  exists  a  rhythmic  eoutractiou  and  expan- 
sion of  the  trachea  and  broiichiul  ]itis»n^os,  especially  ttie  smaller 
and  more  exclusively  muscular  oiie^t,  cffeoted  by  means  of  the 
plain  muscular  tissue  of  those  or]Tan.s  and  synchronous  with  tlie 
reepintory  movements  of  the  chvut,  is  uncertain. 
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SEC.  2.     CHANGES   OF   THE  AIR  IH   RESPIRATTOS. 

^  268.  During  ite  stay  in  llic  lungs,  or  rather  during  its  stay 
in  the  hronclual  passages,  th«  tidal  air  (by  means  of  diffusion 
ctiiufly)  cfTi-utfi  tixtrlianj^x  with  the  stationary  air;  in  conse- 
qucn>  !■  Ill  ■  itpired  iiir  differa  from  in»[iired  air  iu  several  impor- 
laiil  [HI  Ml  ul;irs. 

'Yin-  U'iii|>erature  of  expired  air  is  variable,  but  under  ordi- 
imry  cirr.nniHtances  is  higher  than  that  of  the  inspired  air. 
At  an  average  temiwratunj  of  thw  atmaspliere,  for  instanoe  at 
ahont  20°  C,  thi:  tuinp<;rature  of  vxpirud  air  i^  in  thu  mouth ^^^ 
S3-9°.  in  thu  noHe  35-8°.  When  the  exrcrnal  temperature  is|^H 
lo«-,  that  of  the  expired  ait  sinks  goraewhnt.  but  not  to  aoy^^ 
gri'-at  extent,  thus  at- t!-3'C.  il  is  l'»'8''0.  When  the  ext«niijd 
tenijierature  is  high,  the  expired  air  may  heeome  cooler  than 
the  inspired,  thus  at  41-9''  it  has  been  found  to  be  3^*1'.  The 
expired  air  lalvos  its  tA.nnperature  from  tliat  of  the  body,  that 
is,  of  the  blood,  and  this  n»  we  shall  see  later  on  while  generally 
higher  may.  at  timeis.  Ih^  lower  than  that  of  the  atmoephore. 
The  exaet  temperature  of  tlie  expii-ed  air  in  fael  do{)cnds  on 
tiie  retutive  temperatures  of  the  blood  and  inspired  air,  and  on 
the  depth  and  rate  of  breathing.  The  change  in  lempei-.itnre 
takes  jilaee  not  iu  the  lungs  but  in  the  upper  passages,  and 
chiefly  in  the  nose  and  pharynx. 

§  !i69.  Tbeexpiredair  is  loaded  with  aqueous  vapour.  The 
point  of  satUHLtion  of  any  gas,  tliut  is,  the  utmost  quantity  of 
wat«r  which  any  given  volume  of  gas  eau  take  up  as  aqueous 
vapour,  varies  with  its  temperature,  Iteing  higher  with  the 
higher  temperature.  For  its  own  temperature  expired  air  i», 
acciti-ding  to  most  ohsen-cra,  saturated  with  aqueous  Ta]>oar. 
The  moisture,  like  tla-r  warmth,  is  imparted  not  in  the  deptl 
of  the  lung  but  in  the  upper  passages.  The  inspired  air  as  it" 
passes  into  tlie  bronchia  i«  alreiidy  mturuted  with  moisture. 

§  370.  The  expired  air  i^>ntains  about  4  or  .5  p.c.  less  oxy* 
gen,  and  alwiit  4  p.e.  more  carbonic  acid  than  the  inspired  air, 
the  qtuintity  of  nitrogen  suffering  but  little  change.      Thus 

oniEEa.  nltnwea.  earbontc  Bcld. 

Inspired  air  contains  aO-81  79-15  -04 

Expinxl     „        ..        16-033  7?»-.i*7  4-38 
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Tlio  qiuintity  of  nitrogen  in  tlie  expired  air  in  sonietiin»8 
found  to  \»  sligKtly  greater  than,  as  in  the  tAblo  above,  but  sonie- 
tinieii  equal  to,  anil  sometimeB  less  than,  that  of  the  inspired  air. 

Ill  a  single  brvatb  the  iiir  is  riL-ber  in  carbonic  ucid  (and 
poorer  iii  oxygen)  itt  tlic  ciul  than  at.  the  beginning  of  the 
fjri-alh.  Henc«  the  longer  the  breath  i«  held,  tii«  grcaU-r  the 
(urtifiviMl)  pLiu^  between  inH[ilniliiin  and  expiration,  the  Ingher 
the  percentage  of  cartKinic  acid  in  the  expired  air.  Thn.'«  b}' 
increasing  the  interval  between  two  expirations  to  100  seconds, 
the  p«'rcentagc  may  be  raised  to  "-.S.  When  the  rate  of  breath- 
ing remains  the  same,  by  increasing  the  depth  of  the  breathing 
the  percontagv  of  carbonic  acid  in  each  breath  is  lowered,  but 
the  lotiil  qumitity  of  carbonic  acid  expired  in  a  given  lime  is 
increasetl.  Similarly,  when  the  depth  of  breath  cemaitis  the 
same,  by  quickening  the  rate  the  percentage  of  eiirbonie  acid 
in  each  breath  ia  lowered,  but  the  quantity  expired  in  a  given 
time  is  increased. 

Taking,  as  wo  have  done,  the  amount  of  tidal  air  paasing  in 
and  out  of  the  chest  of  an  averagt^  niuu  at  500  c.c..  such  a 
pi^rKou  will  expire  aliout  22  e.e.  of  carbonic  acid  at  each  breath ; 
t]ii»,  reckoning  the  rate  of  breathing  at  17  a  minute,  would 
give  over  .500  litres  of  carbonic  acid  for  the  day's  production. 
Actual  determinations  however  give  a  rather  smaller  total  than 
this:  thus  in  a  series  of  exjieriments  of  which  we  shall  have  to 
speak  hereafter,  the  total  daily  excretion  of  carbonic  acid  in  an 
avemge  man  was  found  to  be  800  grms.,  i.e.  rather  more  than 
■100  litres  (lOtS),  containing  218-1  grms.  carbon,  and  581-9 
gmis.  oxygen,  the  oxygen  which  actually  disappeared  from  the 
inspired  uir  at  the  same  time  1)eing  about  7O0  grins.  Tlits 
amount  it  should  be  said  represents,  owing  to  the  manner  in 
which  the  experiment  was  conducted,  the  gases  given  out  and 
taken  in,  not  by  the  lungs  only,  but  by  the  whole  body;  but 
the  amount  of  carbonic  ucid  given  out  by  other  channels  than 
the  luugs  is,  sm  we  shall  see.  very  slight  (10  grms.  or  exx-n 
Ie«s).  so  that  800  grms.  may  lie  taken  as  the  avenigt;  pn^luction 
of  carbonic  acid  ny  an  average  man.  The  quantity  however, 
hoth  of  oxygen  consumed  and  of  carbonic  acid  given  out.  is 
mbject  to  very  wiile  variations;  thus  in  the  oltservations  of 
which  we  are  speaking  the  daily  quantity  of  carbonic  acid 
varied  from  6SG  to  12S5  gmui..  and  that  of  the  oxygen  from 
594  to  1072  grms.  These  variations  and  their  causes  will  be 
<Uscusse<l  wheu  wo  come  to  deal  with  thu  problems  of  nutrition. 

§  971.  When  the  total  quantity  of  tidal  air  given  out  at 
any  expiration  is  ecmipiared  with  that  taken  in  at  the  corre- 
sponding in.spiration.  it  is  found  that.  l>oth  being  dried  and 
mL-asured  at  the  same  tem[>eniture  and  pressui-e.  the  ■?spired 
air  is  less  ui  volume  tluin  the  inspired  air,  the  diflference 
■mounting  to  about  ^tb  or  )^^th  of  the  volume  u£  the  latter. 


442 


NATUEE  OF  EXl*IttED   AiK. 


fboOK  tU 


Hence,  when  an  iinimnl  is  ma^e  to  breathe  in  a  confined  spnce, 
the  iiir  18  ahRoliitely  (liiiiiiiiiilied  in  volume.  The  approximate 
equivalence  in  volume  Iwitwoen  inspired  and  expired  air  arises 
from  the  fact  that  the  voluinu  of  any  given  quantity  of  carbonic 
acid  is  eqiial  to  thv  volurni-  of  the  oxyfjen  i-uiisumcd  to  produce 
it :  the  sliglit  falUu}^  »hort  of  the  expired  air  in  due  to  the  cir- 
cumstance that  all  the  oxygen  inspired  does  not  reappear  in 
the  oarbonic  acid  expired,  some  having  formed  within  the  body 
other  combinations. 

§  272.  Besides  oarbonic  acid,  expired  air  contains  various 
suhstanceH  which  may  be  spoken  of  as  impurities,  many  of  an 
tinknowa  nature,  and  all  in  small  aniount:;.  Traces  of  ammonia 
have  been  detected  iu  expired  air,  even  in  that  taken  directly 
from  the  tracliea,  in  which  case  it."!  presence  could  not  be  due 
to  decomposing  food  lingering  in  the  month.  When  the  expired 
air  t«  condensed  by  being  conveyed  into  a  cooled  receiver,  the 
aqueous  product  is  fomid  to  contain  organic  matter,  which, 
from  the  presence  of  micro-organisms,  introduced  in  tlie  inspired 
air.  is  very  apt  rapidly  to  putrefy.  The  organic  substances 
thus  shewn  to  be  present  iu  the  expire<l  air  are  the  cause  in 
part  of  the  odour  of  breath.  It  \»  probable  that  icoine  of  them 
are  of  a  poisonomt  natiu'e,  eitlier  poisonous  iu  themselve:t  as 
coming  dii-ect  from  and  produced  in  some  way  or  other  in  the 
pulmonary  apparatus,  or  poisonous  as  being  the  jirodncta  of 
putrefactive  decomposition :  for  various  animal  substanceH  and 
fluifbi  give  rise  by  decomposition  to  distinct  poisonous  products, 
known  as  ptomainet,  and  it  is  possible  that  some  of  the  constitu- 
ents of  expired  air  are  of  an  allied  nature.  In  any  case  the 
substancoj)  present  have  a  deleterious  action,  for  an  ntniospbere 
containing  simply  1  p.c.  of  carbonic  acid  (with  a  corresponding 
diininntion  of  oxygen)  has  very  little  effect  on  the  animal 
economy,  whereas  an  atmosphere  in  which  the  carbonic  acid 
has  lieeii  raised  to  1  p.c.  by  brcflthiug.  is  highly  injurious.  In 
fact,  air  rendered  ho  far  impure  by  breathing  that  the  carbonic 
acid  amounts  to  -08  p.c.  is  distinctly  unwholesome,  not  so  much 
on  account  of  the  carbonic  aeid,  as  of  the  accompanying  imjiuri- 
ties.  Since  these  impurities  are  of  unknown  nature  and  ciiitnot 
be  e.stimated,  the  easily  determined  carbonic  acid  is  usinilly 
taken  as  an  indirect  measure  of  their  pi-esence.  We  have  seen 
that  the  average  man  loads,  at  each  breath,  oUO  c.c.  of  air  with 
carbonic  acid  to  the  extent  of  4  p.c.  He  will  accordingly  at 
each  breath  load  2  Hlix's  to  the  extent  of  1  p.c. ;  and  in  oiie  hour, 
if  he  breathes  IT  times  a  minute,  will  load  rather  more  than 
2000  litres  to  the  sam«  extent.  .\\  the  very  le«st  then  a  man 
ought  to  Itc  supplied  with  this  quantity  of  air  hourly;  and  if 
tlie  air  is  to  lie  kept  fairly  wholesome,  that  is  with  tlie  carbonic 
ncid  reduced  conaiderably  below  -1  p.c.,  he  should  have  oven 
more  Than  ten  times  as  much. 


SEC.   8.     THE  EESPIRATORV  CHANGES  IN  THE  BLOOD. 


§  273.  li\Title  the  air  in  parsing  iu  and  out  of  the  lun^  Ut 
thus  ntbbed  of  a  portion  of  it»  oxygen,  and  loaded  with  a  cer- 
tain quantity  of  ciirbuiik:  ai-iil,  thv  ttlood  as  it  atroams  along  the 
pulmonary  cupillarifs  luidttrgoes  im))(irtant  correlative  t-hangea. 
As  it  leaves  the  right  ventricle  it  is  venous  lilood  of  a  dark 
purple  or  maroon  colour ;  when  it  falla  into  the  left  aiiriele  it  is 
urterial  blood  of  a  bright  scarlet  hue.  In  passing  tJirough  the 
cnpillnriea  of  the  body  from  the  left  to  the  right  side  of  tJie 
heart,  it  is  again  ehangt>d  from  the  arterial  to  the  venmia  con- 
dition. We  uave  to  inquire.  What  arc  the  eKsential  differences 
between  arterial  and  venous  blood,  by  what  uieuns  is  the  venous 
blood  eluiiigtHl  iiilo  arterial  in  the  lungit,  ami  the  arterial  into 
rcnuujt  tu  the  re^t  of  Uie  bodv,  and  what  relatiorut  do  these 
changes  in  the  blood  bear  to  the  changes  io  the  air  which  we 
have  already  atudied? 

The  facts,  tliat  venous  blood  at  once  becomes  arterial  in 
appearance  on  Ixiinff  exposed  to  or  shaken  up  with  air  or  oxy- 
Ki-'U.  and  that  urtvrial  blood  becomes  venous  iu  appearance  when 
kept  for  some  little  time  in  a  closed  ve^el,  or  when  submitted 
to  a  current  of  8ome  indifferent  gas  such  as  nitrogen  or  hydro- 
tpen,  prepare  us  for  tlie  statement  that  the  fundamental  dif- 
furenix?  Wtween  venous  and  arterial  blood  is  in  the  relative 
pro[)ortion  of  the  oxygen  and  carbonic  acid  gases  contained  in 
each.  From  both,  a  certain  quantity  of  gaa  can  be  extracted 
by  means  which  do  not  otberwisf  niateriaUy  alter  the  constitu- 
tion of  the  blood ;  and  thiji  gu  when  obtained  from  arterial 
bloo<l  is  found  to  contain  more  oxygen  and  lv«s  carbonic  acid 
tluLu  ttuit  obtained  from  venous  blood.  This  is  the  real  differ- 
«iiliHl  character  of  the  two  bloods;  all  other  diffei-enees  are 
oitlier,  S8  we  shall  see  to  be  the  case  with  the  colour,  dependent 
on  this,  or  are  unimportant  and  fluctuating. 

If  the  quantity  of  gas  which  can  be  extracted  by  the  mer- 
curial air-pump  from  100  vols,  of  blood  b«  measured  at  0°  C, 
and  A  pressure  of  760  mm.,  it  ia  found  to  umouni,  in  round 
ntimbvra,  to  60  vulit. 
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t':u.  S7.  DuoKxniune  iLuinmATios  or  L,tii>«M>'»  MncraiAL  G^P^^ 

A  and  B  M»  nro  gtan  gloliM,  conRMWd  Ity  «K>BC  faidl«^rabber  bbc  < 
b,  w|lk  two  aluflkr  glui  glotiM  A'  itA  B*.    A  b  funher  oonnecMd  to  mm 
Ibe  Mepoo«k  c  with  Um  t«e(H««r  C  coniunm^  Ui«  btuud  (or  othm  vnM)  I 
uialrwd,  and  B  bj  iiM«iia  ot  tlie  Mopcoek  rf  ^nd  Uir  tabr  «  with  the  nni 
foTTMclflng  tbc  g«M«.    A  and  Bon  alio  (MiDon-ud  with  rach  othnhft 
of  ihaaUKpeocka/uidir,  Uwlaturbatii)iM*mac«d  ihu  B  also  ooDBanil 
Willi  B'  by  Ibe  pawwe  f".    A'  and  B'  b*ia«  fuU  of  mcrcuy  and  the  eecbl 
f,  and  (f  beio);  optn  but «  and  v*  ckwd.  oh  imUnic  A'  bj  mMoi*  o(  Ibe  |  ~' 
tliB  mecBiuj  o(  A'  SBa  A,  drmng  oat  tlw  air  ooaMined  in  ti,  into  B,  m 
Uinuiihr.    WlMiitthaiMi«nt}rh««riaMiabM«7,/l«dMed,a]id^b«lBS4 
B^  la  m  tnrn  ralwd  UU  B  Is  oompkutj  HIM  with  omKaTj,  an  tb*  air  pi< 
la  it  bciux  diUpD  out  llmHiicli  e.     Cpod  closaug  4,  and  lowerint;  B',  tlw  < 
Ibe  mtTTTuy  to  B  lalla  in  B',  and  a  Tacnnai  oonaequFiitlir  ix  utabtiili«d  i 
On  dogdn^  f',  but  oscititis  7.  /,  and  t  aad  loamtng  A',  a  vaennai  It  sW 
•■laUiilied  In  A  aad  In  Um  inncikiB  bccwcro  A  and  U.    It  Um  eocketai 
optned  lb*  tama  ot  Una  Nood  fn  C  wcafw  lnu»  Ui»  Taeuiun  of  A  and  B.' 
raltiii;  A',  afl«r  Uk  docon  of  e.  and  opeabu  of  d,  tbe  gaaea  ao  aet  fM*1 
drinn  from  A  inU  B.  and  !>;  the  nidng  m  B'  firan  B,  Uunogh  <  tnU  f 
reocdnr  D,  tlaiHIag  frrrr  mcnruiy. 
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The  TaGtium  produced  bj  the  ordinsry  mechzitiical  ait-piun)i  is 
iDSufficient  to  extriu^t  nil  thi-  g&s  from  blood.  Ilencc-  it  b«coBies 
aeoeMU-j  to  use  a  mercury  pump  capable  of  producing  a.  krge  Tor- 
ric«1Uau  raeuum.  In  the  form  of  mercuml  pump  which  beais 
Iiddwig's  name  ( Fig.  87)  two  large  globus  of  glass,  one  Hxed  and  the 
other  moveable,  tav  coniKvte^l  by  a  tlvxibk-  tube ;  the  fixed  globe  is 
made  to  (-omuuiniuilc  by  uir-aim  of  air-tight  stopcocks  alternately 
with  It  rcccivi'v  cotiUiiiing  tbu  blmxi,  iin>I  with  a  receiver  to  coUeut 
the  gas,  U'iicn  thv  movmblo  globe  filled  with  mercury  is  raised 
abiive  tiie  lix«-d  one,  tbc  mercury  from  tbc  former  ruu6  into  and  com* 
pletely  tills  tfao  latter,  the  air  pix-viixisly  preseat  being  driven  out. 
Aftvr  adjusting  the  cocks,  the  moviuble  globe  is  tlien  depressed 
thirty  incheti  IkIow  the  tixcd  one,  in  which  the  consequent  fall  of 
the  inercurv  product's  ah  almost  ooniplcto  vacuum.  By  turning  the 
jtroper  cocli  this  vacuum  is  put  into  connection  with  the  receiver 
containing  the  blood,  which  thereupon  iM'comcs  proportionately 
cxhausti-d.  By  again  adjusting  the  cocks  and  once  more  elevating 
the  moveable  globe,  tlie  gas  thus  exti^icted  is  driven  out  of  the  hxed 
globe  into  a  receiver,  Tbe  vacuuni  is  then  onco  more  estnblished 
and  the  n])CTution  repeated  as  long  as  gas  continues  to  be  given  off 
from  tlie  blood. 

A  luoditied  form  of  pump  working  on  the  same  principles  as 
that  of  Ludvig,  but  involving  the  u&e  of  only  one  globe  to  be  made 
v.tciious  and  one  moveable  rescri-oir  for  mercury,  has  bc«n  constructed 
by  I'tltiger,  It  presents  scvcml  ndviintages  over  the  one  just  de- 
scribcxl,  the  chief  being  that  (i)  non-de&brinHt''d  blood  may  be  used 
fur  the  extraction  of  its  gfixes,  (ii)  the  vacuum  into  which  the  gases 
are  evolved  is  large,  (iii)  this  Vcicuiim  is  kept  dry  by  being  con- 
nected laterally  with  a  vacuous  chamber  containing  sulphuric  acid. 
Tbo  details  of  ita  construction  are  however  compIiciit«-d,  and  the 
grentest  eiire  is  required  in  its  use  toavoid  breakl^;c.  Uf  lut<;ryeats 
a  simplified  f<^nii  of  pump  hiis  been  introduced  for  laWnttory  work. 
It  was  first  used  by  Grt'hant  and  Paul  l!ert,  and  is  now  fn-qucntly 
called  an  Alvcrgniut's  pump,  from  the  name  of  its  preseut  maker. 
Fig.  88  gives  a  diagrammatic  representation  of  its  constniction. 

^  is  a  glass  bulb  some  five  inches  in  diamett^r,  blown  on  to  a 
l^ass  tobe  a  bflow  and  on  to  a  veitical  tube  b  above.  The  lower 
«lld  of  a  is  connected  by  a  thick-walled  india-nibijer  tube  with  a 
reservoir  fi-r  mercury  B.  which  can  be  raised  and  lowered  by  means 
of  a  string  pasning  over  a  pulley  •-.  The  rerticiil  tuW  6  is  thickened 
at  one  plaee.  and  Into  this  ttiickened  portion  a  three  w^iy  lap  d  is 
gionnd.  The  upper  end  of  6  is  p^■longed  (utmve  the  tlin-<vway  t»p) 
into  a  tine  jioint.  This  point  passes  liv  a  tight  joint  tbrcmgh  the 
bottom  of  a  vessel  *,  which  can  l>e  partly  tilleii  with  merciiij,  aiwl 
over  which  a  receiver/,  filled  with  mercurj-  for  th'-  e>illei-lion  of  the 
gasei.  can  be  inverted.  A  tulw  p  fusicd  on  literally  to  oni*  ofM^ning 
of  tlie  tlirec-way  tap  d  pla-cs  thp  Utter  in  e<iMneet.i<iH  with  a  thick- 
walled  WoulfTs  bottli*  C' containing  a  layer  of  stnmg  Kulphnric  acid. 
Thi>  second  tubulni-e  of  this  bottle  is  simibirly  eonneetiil  by  an 
etsstie  tnly  with  the  vessel  D,  into  which  blood  or  other  fluid  may 
be  introduced  by  me.ins  of  the  tap  A.  All  the  moTcabh-  joints  of 
the  appan\tua  ue  protected  by  iudia-rabbcr  tubes  into  which  water 
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U.U1  be  poured,  and  a  metal  casing  round  th«  tap  d,  which  may  at-  ^ 
be  filleil  witb  water,  similarljr  prevents  th«  possibility  of  snyl«^^ 
age  Iit-re. 

The  pump  is  usi.'d  as  follows.     \iy  placing  tlie  tapd  iu  the  po*^ 
tiou  shewn  in  the  figure  and  niistiig  li,  tbc  bulb  A  may  be  filled  viC' 
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mercury  up  to  the  top,  tha  contained  air  beinR  exjH-ili-d  through  UK' 
tipper  end  o£  ft,     I(y  a  alight  turn  of  the  lap  all  ouimts^tioti  belw* 
A  and  either  the  tube  g  or  the  iip^>er  part  of  ft  may  l>e  cut  oS.M^ 
on  lowering  JJ  a  vacuum  is  establiiiheil  in  the  bulb  A  and  fortd 
the  tube  a.    A  may  now  be  connected  iiy  the  tap  d  witb  tlie  tuV  f 
and  hence  with  O  and  D,  and,  k  beinjj  closed,  a  pnilial  vaemiB  i> 
established  in  OandD.     By  nieansot  the  tap  il  the  air  in  ^  luajt* 
cut  off  from  ^.  and  on  raising  J3  and  placing  the  plug  uf  it  il<  ib^wnn 
the  figure  this  ajs  may  he  expelled  through  the  upjier  end  of  6.    By 
slightly  turning  d  and  lowering  S  a  vacuum  is  again  ntabliAhal  il 
A,  and  as  before  a  further  portion  of  air  in  0  and  D  may  b«  klltml 
to  pass  OTer  into  A  and  the  vacuum  in  D  and  C  increased.     In  Uit 
way  all  the  air  in  D  can  be  extracted,  the  final  stafces  being  fatilir 
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tated  by  the  adnus«ion  at  li  hltic  water  into  D,  tho  lost  traces  of  air 
being  drivuu  ovi-r  inUi  A  hy  the  rush  nf  vapciur  from  tho  water.  A 
kouwii  volumuof  hloiMt  havtng  been  coUectnu  over  mercury  in  a  small 
tube  is  now  ;itlowi)il  to  euti-r  JJ  throu^^h  th«  tap  h  and  yields  up  its 
gases  to  the  vaomiin.  A  reptHition  of  ttie  proct^sses  by  which  iJic 
air  in  D  wait  originally  «xtr;ieted  will  now  remove  the  gases  which 
hav«  bvon  given  ofT  from  the  known  volunii>  of  bloofl,  the  only  dif- 
(erencv  bcinj;  tliat  now  the  tube/tilled  with  nK>rRury  is  invert«<l  in 
[the  trough  <■  ovor  the  upper  end  of  the  tube  h.  Tu  rhis  way  the 
MM  ori^nally  in  D  are  not  allowed  to  etica)>e  into  tlit^  air,  :i$  w;is 
the  cnse  whvn'the  apparatus  wa»  Ijeinp:  originally  nindtt  v;tc'iK)iis,  but 
are  collticted  in/for  subHecpieiit  analyitts.  Durinji:  lUv.  cxtrm^tion 
of  the  K^^es  from  the  bloud  the  bulb  b  is  iniiiier(i.-d  in  a  vi-»$rl  i)f 
warm  wat«r,  to  facilitate  t!ie  exit  of  the  g-MPfi  and,  by  causing  the 
formation  of  large  quantities  of  ai|ueous  vaixmr,  tu  Mwccp  the  gases 
rapidly  over  into  A.  The  sulphune  aeid  chamber  (J  dries  th« 
vacuum  before  tlieadnui'ston  of  the  bloofl  iutii  />,  and  hcnct;  m:tl<v.9 
it  more  pt-rfeot  and  eauses  the  most  coitt|)let«  and  rapid  evolution  of 
gaatsa  from  the  blood. 

The  average  composition  of  tho  gaa  thus  obtained  from  each 
of  the  two  kinds  of  nlood  (the  arterial  blood  being  taken  from 
a  large  nrtery.  and  thu  venous  blouJ  fruni  the  right  side  of  the 
heart)  is,  tituted  iii  round  numbers,  08  follows : 

From  100  vola.  may  be  obtainrd 

0(  axric*".  oi  wrbonlr  ai:ii!.  o[  nitrogen. 

Of  Arterial  Blood.      '20  vola.  40  vols.  1  to  2  vols. 

Of  \''enous  Ulood,       8  to  12  vols.     46  voht.  1  to  2  vols, 

all  mvasurad  at  760  tnm.  and  0*  C. 

Tliat  is  to  say,  venous  blood,  as  eomparcd  with  arterial 
blood,  contains  8  to  12  p.e.  less  oxygen  and  6  p.e.  more 
carbonic  acid.  It  must  be  renienibereti,  however,  tliat  while 
arterial  blooil  from  wliat«ver  artery  taken  ha«  always  nejirly 
the  (Hune  proportion  of  gasea,  or  at  all  events  the  same  amount 
of  oxygen.  tJie  amount  of  oxygen  in  venous  blood,  even  when 
taken  from  tlie  »anie  vein,  may  vary  a  good  deal,  still  more 
so  when  it  is  taken  from  different  veins.  The  reason  of  this 
we  aliall  see  hereafter. 

It  will  be  convenient  to  consider  the  relatione  of  each  of 
these  giues  separately. 


The  mlatimt  of  Oxygen  in  tJif  Blood. 

§  374.  \\''h«n  a  liquid  sueh  a»  water  is  exposed  to  an 
atmosphere  containing  a  gas  such  as  oxygen,  some  of  the  oxv 
gen  will  l>e  ditMolved  in  the  water,  that  is  to  say,  vrill  oe 
Bbsorbcil  from  the  atmosphere.  The  quantity  which  is  so 
aboorbed  will   dei>end  on  the  pressure  ul'  the  oxygvu  in  Uie 
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atmosphere  above ;  the  greater  the  pressui-e  of  Ui«  o\ygfii,  the 
larger  the  ntiioimt  which  will  l>e  absorbed.  If  the  prevufiire  of 
the  whole  atmosphere  remain  the  same,  at  760  mm.  of  men'iiiy 
for  instance  (tlie  ordinary  atmospheric  pressure),  tlie  jn-essiire 
of  tlie  oxygen  may  he  increased  or  diminished  liy  increasing  or 
diminlsluii^  the  jiroporlion  of  oxy^t-n  in  Ihe  almosphere.  So 
that  with  11.11  atmosphere  remaining  at  any  given  pressure  the 
ipmiitity  of  oxygen  absorbed  will  depend  on  the  quantity 
present  in  tliat  atmosphere.  If  on  tJie  other  hand  water, 
alit'ady  containing  a  good  deal  of  oxyRen  dissolved  in  it,  l« 
exposed  to  an  atmos|)hore  contaiiiinji  littk'  or  no  oxygen,  the 
oxygen  will  csciipc  from  the  water  into  ilic  atmosphere.  Thai 
oxygon,  in  fact,  which  is  dissolved  in  tlie  wat«r.  like  the  oxygen 
in  the  atmosphere  above,  stands  ut  a  certain  pressure,  the 
amount  of  presstu-e  depending  on  tlie  qnantity  dissolved;  aud 
when  water  eontaining  oxygen  dissolved  in  it  is  exposed  to  any 
atmosphere,  the  result,  that  is,  whether  the  oxygen  eseape-j*  from 
the  Wilier  into  the  atmosphere,  or  iiaBses  from  the  atmospliere 
into  the  water,  depends  on  whether  the  pressure  of  the  oxygen 
in  the  water  is  greater  or  less  than  the  pressure  of  the  oxygen  in 
the  atmosphere.  Hence  when  water  is  exposed  to  oxyjjen,  the 
oxygen  either  escapes  or  Is  absorl>ed  until  equilibrium  is  estab- 
lished between  the  pressure  of  the  oxygen  in  the  atmosphere 
above  and  the  pressure  of  the  oxygen  in  the  water  I»elow.  Thi« 
result  is,  as  far  as  mere  absorption  and  escape  are  coneemed, 
quite  independent  of  what  other  gasps  are  present  in  the  water 
or  in  the  atmosphei-e.  Suppose  a  half-litre  of  water  was  Ijing 
at  the  bottom  of  a  twu-lilre  flask,  and  that  the  atmosphere  in 
the  flask  above  the  water  was  one-third  oxygen;  it  would  make 
no  difTerenc*!,  as  far  as  the  absorption  of  oxygen  by  the  water 
was  coneerned,  whether  the  remaining  Iwo-tJiirds  of  the  atmos* 
pht'i-e  was  carbonic  acid,  or  nitrogen,  or  hydrogen,  or  whether 
tile  space  above  the  water  was  a  vacuum  tilled  to  one-third) 
with  pure  oxygen.  Hence  it  is  said  thiit  the  absorption  of  any 
gas  depends  on  the  partial  pretture  of  that  gus  in  the  atmos- 
phere to  wliich  the  liquid  is  exposed.  This  is  true  not  only  of 
oxygen  and  water,  but  of  all  gases  and  liquids  which  do  not 
enter  into  chemical  combination  with  each  other.  Different, 
liquids  will  of  course  absorb  diiferent  gases  with  diffcrinj 
readiness:  but.  with  the  same  gas  and  the  same  liquid,  tbfiJ 
amount  absorbed  will  depend  directly  on  the  partial  jirossura 
of  the  gas  in  the  uverlyiiig  space.  It  should  be  addcil  that  thv 
process  is  much  inllnenced  by  tempenuure.  Hence,  to  st«te 
the  matter  generally,  the  ahsoqition  of  any  gas  by  any  liquid 
will  dei>end  on  the  nature  of  the  gas  the  nature  of  the  Uouid, 
the  pressure  of  the  gas.  and  tlie  temperature  at  which  tioth 
stjitid. 

Now  it  might  be  supposed,  and  indeed  was  ouce  supposed, 
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that  th«  oxygen  in  the  blood  was  simply  dissolved  by  the  blood. 
If  thifl  were  BO,  tbfii  tho  umouiit  of  oxygen  present  in  any 
^ivcii  ([uantity  of  bluud  vxpoited  tu  iiny  given  atmosphere, 
ought  to  me  and  inM  i^tcadily  and  regularly  as  the  partial 
preasnre  of  oxygen  in  Uiat  atnioiiphere  is  iiicreuHed  or  dimiu- 
ished;  the  absorption  (or  escape)  of  oxygen  ought  to  follow 
what  is  known  as  the  Henry-Dalton  law  of  pre.s.tiire8.  But 
tliis  is  found  not  to  be  the  case.  If  we  expose  blood  containing 
little  or  no  oxyguu  to  a  suct-ession  of  atmospheres  containing 
increatting  quantities  of  oxygen,  n'e  find  that  at  lirHt  there  is  a 
very  rapid  abKurption  of  the  available  oxygen,  and  then  this 
somewhat  suddenly  eeaites  or  becomes  very  small ;  and  if  on  tlie 
otiier  hand  we  submit  arterial  blood  to  successively  diminijthing 
pressures,  we  find  that  for  a  long  time  very  tittle  oxygen  is 
riven  off.  and  then  suddenly  the  escape  Iwcomes  very  rapid. 
_  The  absorption  of  oxygen  by  blood  docs  not  follow  the  general 
law  of  Absorption  according  to  pressure.  The  phenomena  on 
the  otJier  hand  suggest  the  idea  tliat  the  oxygen  in  the  blood  Ui 
in  some  particular  combination  with  a  substance  or  some  sub- 
stances present  in  the  blood,  the  conibinaliou  being  of  such  u 
kind  that  it  holds  good  during  a  lowering  of  pressure  down  to 
a  certain  limit,  and  that  then  dissociation  readily  occurs;  we 
may  add  that  this  limit  is  very  closely  dependent  on  tempera- 
ture. It  is,  however,  not  to  be  supposed  that  as  the  pressure 
is  lowere<l,  no  oxygen  whatever  is  given  oft  from  the  substance 
until  «  certain  point  is  reached,  ami  that  at  that  point  the  whole 

t store  is  in  an  instant  dissociated,  no  more  remaining  t^  be  giveu 
joff.  The  case  is  rather  tliat  while  pressure  is  l>eing  towered 
down  to  a  certain  point,  no  appreciable  dissociation  lakes  place, 
and  that  then  having  begun  it  increases  raiiidly  with  each 
further  lowering  of  pressure  until  the  whole  of  the  oxygen  is 
given  off.  During  this  narrow  range,  between  the  first  begin- 
ning to  give  off  oxygen  and  the  completion  of  the  giving  off, 
Ute  compound  of  the  oxygen  with  the  substance  or  substaiicea 
nay  be  spoken  of  ns  partly,  that  is  more  or  less,  dissociated. 

LWIiat  is  the  substance  or  wliat  arc  the  substances  with  which 
be  oxygen  is  thus  peculiarly  combined? 

If  serum,  free  from  red  corpuscle.*,  be  nsed  in  such  absorption 
experiments,  it  is  found  that,  as  compared  with  the  entire  mood, 
very  little  oxygen  is  absorbed,  about  us  much  as  would  be 
absorbed  by  the  same  quantity  of  water ;  and  such  as  is  absorbed 
does  follow  tlie  law  of  pressures.  In  natural  arterial  blood  the 
qiuuitity  of  oxygen  which  can  be  obtained  from  serum  is  exceed, 
ingly  small ;  it  does  not  amount  to  half  a  volume  in  one  hundred 
volumes  of  the  entire  blood  to  whieh  the  scrum  belonged.  It 
16  evident  that  the  oxygen  which  is  present  in  blood  is  in  sumo 
way  or  other  peculiarly  connected  with  the  red  corpuscles. 
^_l(ow  the   distinguisliing  feature  of  the  red  corpuscles  is  the 
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presence  of  tin-muglobiri.  We  have  ali-eatiy  seen  (§  24)  that 
this  Ronstitiites  ItO  jier  rent,  of  the  dried  i-ed  trorpuscle».  There 
can  \te  a  priori  little  doubt  that  this  miiflt  be  the  suhstance  willi 
wliich  thi!  oxygon  is  associated ;  and  to  the  properties  of  this 
body  we  must  therefore  direct  our  attention, 

§  275.  Hemoglobin.  When  separjitL-d  from  the  other  con- 
Htituents  of  thti  surum,  h<L-moglobin  iippeiin;  as  a  HuhstaDco, 
vithcr  amorphous  or  trystalline,  readily  soluble  ia  water  (espv* 
tfially  in  warm  water)  and  in  serum. 

Since  hiemogiobin  is  soluble  in  serum,  and  since  th«  identity  of 
the  crystals  observed  occasionally  ^vitllin  tho  corpuscivs  with  tnoee 
obtained  in  other  ways  shews  tbat  tlie  btemoglobin  as  it  exists  in 
the  corpuscle  is  the  same  thing  as  that  which  is  ;irtiti<.-:;dly  prupated 
from  blood,  it  is  evident  that  some  peculiar  rchitionsbip  between 
the  stroma  and  the  hiEmo^lobin  must,  in  natural  blood,  keep  the 
latter  from  being  dissolved  by  the  soriun.  llencc  in  prcpating 
hsmoglubln  it  is  necessary  first  of  all  to  break  up  this  connection 
and  to  set  the  hemoglobin  free  from  the  corpuscles.  This  may  be 
done  by  the  addition  of  water,  of  ether,  of  chloroform  or  of  bile 
salts,  or  by  repeatedly  fn-cEiug  and  thawing;  blood  so  treated  be- 
comes •  laky,"  cf.  S  24.  It  is  also  of  advantage  previously  to  remove 
the  alkaline  scrum  as  much  as  possible  so  as  to  operate  only  on  the 
rod  corpuscles.  The  stroma  and  hBomoglobiu  beinii  tlnis  seiMiruted, 
a  solution  of  haemoglobin  is  the  result.  The  alkaliinty  of  the  solu- 
tion, when  present,  ix>ing  reduced  by  the  cautio\is  addition  of  dilute 
acetic  acid,  and  the  solvent  power  of  the  aqueous  medium  being 
diminished  by  the  addition  of  one-fourth  its  bulk  of  alcohol,  the 
nuxturi',  set  aside  in  a  temperature  of  D*  C  in  order  still  further  to 
reduce  the  solubility  of  the  ha;moglobin,  readily  crystallizes,  when 
the  blood  used  is  that  of  tho  dog,  cat,  horse,  rat,  guinea-pig,  &c.  In 
the  case  of  the  dog  indeed  it  is  simply  suHicient  to  add  ether  care- 
fully to  the  blood  until  it  just  becomes  'laky,'  and  then  to  let  it 
stand  in  a  cool  place ;  tho  mixture  soon  becomes  a  mass  of  crystals. 
The  crystals  may  be  separu,tcd  by  filtration,  rodissolved  in  water 
and  rccrystallized. 

Iliomojrlobiti  from  the  blood  of  the  rat,  ffuinea-pig.  squirrel, 
Ledsebojj,  liorsc,  cat,  dog,  g-oose,  and  some  other  aninuOs.  crystal- 
lizes readily,  the  crystals  being  generally  slender  four-sided 
prisms,  belonging  iu  the  rhombic  syiileni,  and  often  appi^ariug 
quite  acicular.  The  crystals  from  llie  blood  of  the  giune»-pig 
are  octahedral,  but  also  belong  to  the  rhombic  system  ;  those 
of  the  squirrel  are  six-sided  plates.  The  blood  of  the  ox* 
sboep,  rabbit,  pig,  and  man,  crystallizes  with  difficulty.  Why 
thww  differences  exist  is  not  known ;  but  the  crystals  obtuiuvu 
from  dtffcrcut  aoinuils  differ  both  in  percentago  composition 
an<4  '  tr  of  crystal li/ation.     In  the  dog,  the 

crysUiU  has  bivii  dettmnined  ns 
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to  4  per  cent,  of  wat«r  of  crystall i«it ion.  It  will  thus  be  soen 
that  thnemoglubin  contaiiii*,  in  addition  to  the  other  eleme&tit 
UHiially  present  in  proteid  subHtance».  a  certain  amonnt  of  iron ; 
that  is  to  say,  the  element  iron  in  s  distinct  part  of  the  hienio- 
({lobiQ  molecule :  a  fact  which  of  itself  renders  bsmofjilobin 
rvmarkable  amoDg  the  chemical  subtrtanevx  premmt  in  the  animal 
body. 

§  276.  The  eryatals.  when  seen  in  a  sufTiciently  thick  layer 
nnder  the  niicroscope.  have  the  same  bright  scarlet  colour  am 
arterial  hloml  hast  to  the  naked  eye ;  when  seen  in  a  ma-sit  they 
naturally  appear  darker.  An  aqueous  solution  of  baimnglobin, 
obtnioeu  by  dissolving  purified  crj'staU  in  distilled  water,  has 
also  the  same  bright  arterial  colour.  A  tolerably  dilute  solution 
pbu.-^!  l>efore  ihc  spectroscope  is  foiuid  to  alworb  certain  rays 
of  light  in  a  peculiar  and  characteristic  irmnner.  A  portion  of 
the  red  end  of  tlie  spectrum  is  absorbed,  ai«  i»  aUo  a  much 
larger  portion  of  the  l)lne  end  ;  but  what  is  most  striking  is  the 
presence  of  two  strongly  marked  absorption  bantU.  lying  between 
the  solar  lines  I)  and  E.  (See  Fig.  89.)  Of  these  the  one 
towards  the  red  side,  sometimes  spoken  of  as  the  baud  a,  is  tbe 
thinnest,  but  the  most  intense^  aii<l  in  extremely  dilute  solutions 
(Kig.  8it,  1)  is  the  only  one  visible;  its  iniildle  lies  at  some 
little  distance  to  the  bine  side  of  1).  Its  jtosition  may  l>e  more 
exactly  defined  by  expressing  it  in  wave-lengths.  As  ia  well 
known  the  rays  oi  lignt  which  make  up  the  spectrum  differ  in 
the  length  of  their  waves,  diminishing  from  tlie  rod  end.  where 
tlx;  waves  are  longest,  to  the  blue  end.  where  they  are  shortest. 
Thus  Fmunhofer's  line  D  corresponds  to  rays  having  a  wave- 
length of  oK'.M  millionlhs  of  a  millimeter.  L'aing  the  gume 
unit,  the  centre  of  this  absorption  hand  a  of  haemoglobin  corre- 
sponds to  the  wave-line  SlU ;  as  may  be  seen  in  Fig.  89,  where 
Iwwever  the  numiwrs  of  the  divisions  of  the  scale  indicate  onlv 
100.000  of  a  millimeter.  The  other,  sometimes  called  j3,  much 
broader,  lies  a  little  to  the  red  side  of  B,  itM  blueward  edge, 
even  in  moderately  dilute  solutions  (Fig.  89,  2)  coming  close 
up  to  that  lino ;  iXs  centre  corre.Hponds  to  about  wave>lengtli 
539.  Kach  band  is  thickest  in  the  middle,  and  gradually  thins 
away  at  the  edges.  These  two  absorption  bands  are  exti^melj' 
eharacteriatic  of  a  solution  of  haemoglobin.  Even  in  very  dilute 
solutions  both  bands  are  visible  (they  may  be  ht-cn  in  a  thick- 
ness of  1  e.m.  in  a  solution  containing  1  grm.  of  hieinoglobia  in 
10  litniM  of  water),  and  that  when  scarcely  any  of  the  extreme 
red  end.  and  very  little  of  the  blue  end.  is  cut  off.  They  then 
appear  not  onl)'  faint  but  narrow.  .\s  ihe  strength  of  the  solu- 
tion is  increased,  the  bands  broaden,  and  lieeome  more  intense  : 
at  the  same  time  both  the  red  end,  and  still  more  the  blue  end. 
uf  the  whole  spectrum,  are  encroached  upon  (Fig.  89,  S).  This 
may  go  on  until  the  two  absorption  bands  become  fu»ed  togetlier 
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into  one  broad  Imnd  (Fip.  89, 4>.  The  only  rays  of  light  which 
then  pass  tlirough  thf  iiii»mo(jlo]}in  mlution  are  thoae  in  the 
green  b«rtwc«ii  the  bluuward  edge  of  tliL-  iniitud  bands  and  the 
gonvrul  absorption  wliich  ix  now  rapidly  udvuncine  from  the  blue 
end,  nnd  tho!«e  in  tb«  red  between  tlie  united  bands  and  the 
^ncmi  nbttorption  at  the  red  end.  If  the  solution  be  utill 
fnrther  increased  in  strength,  the  interval  on  the  blue  side  of 
th<>  iiiiit«!  bands  Iwcomes  absorbed  also,  so  that  the  only  rays 
which  pass  through  mv  the  red  rays  lying  to  the  red  side  of  D ; 
these  are  the  last  to  disappear,  and  hence  the  natural  red  colour 
of  tbe  solution  lui  soen  by  tntiismitted  light.  Exactly  the  same 
Appeannees  are  seen  when  crystals  of  hniinoglobin  are  examined 
with  a  micrnspectroscone.  They  are  also  seen  when  arterial 
blood  itself  (diluted  witn  saline  solutions  so  that  the  eorpusiiles 
remain  in  aa  natural  a  condition  as  possible)  isexarained  with  tlie 
Hpectroscope.  as  well  aa  when  a  drop  of  bltmd,  which  from  the 
niM-'essury  exposure  to  air  in  always  arterial,  is  examined  with 
tlie  microspectroscope.  In  faut,  tliu  spi^^ctrum  of  lia'moglobin  i« 
the  speetruni  of  normal  Arterial  blood. 

§  277.  When  crystals  of  hicmoglobin,  prepared  in  the  way 
descrilied  above,  are  subjected  to  the  vacuum  of  the  mercurJAl 
air-pump,  they  give  off  a  certain  quantity  of  oxygen,  and  at 
the  same  time  they  cliunge  in  colour.  In  other  words,  the  crya- 
talit  of  hiemoglobin,  over  an<l  above  the  oxygen  which  enters 
intimately  into  the  composition  of  the  molecule  (and  which 
alotte  is  given  in  the  elementary  compoutiou  previously  stated). 
contain  another  quantity  of  oxygen,  which  is  in  loose  combina- 
tion only,  and  which  may  be  dissociated  from  them  by  subject- 
ing them  to  a  sufficiently  low  pressure.  The  change  of  colour 
which  ensues  when  this  loosely  combined  oxygen  is  removed, 
is  characteristic ;  the  crystals  become  darker  and  more  of  a 
purple  hue,  and  at  the  same  time  <liehroie,  so  that  while  th« 
tliicker  ridge«  are  purple,  the  thin  edges  appear  greenish.  The 
quantity  of  oxygen  given  off  is  said  to  be  delinite ;  thus  1  grm. 
of  the  ciTstals  of  dog'a  blood  gives  off  l-M  o.cm.  of  oxygen 
measuretl  at  760  mm,  Hg  and  0  C,  ;  but  there  are  some  reasons 
for  thinking  that  even  in  the  same  blootl  the  quantity  mav  vary. 

An  ordinary  solution  of  hiemoglobin.  like  the  crystals  from 
which  it  is  formed,  contains  »  detinite  quantity  of  oxygen  in 
a  similarly  peculiar  Ioom  combination ;  this  oxygen  it  aUo  gives 
up  when  subjected  in  the  air-pump  to  a  sutTioiently  low  pressure, 
becoming  at  the  same  time  of  a  puqilish  hue.  This  loosely 
combined  oxygt'U  may  also  be  remoywl  by  passing  a  stream  of 
hydrogen  nr  other  indifferent  gas  through  the  solution;  the 
stream  of  hydrogen  acts  like  an  oxygen-vacuum  to  the  hiemo- 
globin  nnd  thus  diss«>ciution  Is  effected.  Carbonic  acid  gus  is 
nnsuitable  (or  Una  purpose,  since,  as  we  shall  see,  being  an  acid 
it  aeu  in  another  way  on  the  ha>moglobin.     The  oxygen  may 
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bIbo  be  removed  from  the  liiL>nioglobm  not  only  by  ph%-aicttl  but 
alxu  by  chemical  means,  <i«  by  the  use  of  rtxluciiig  iigeiit!«.  Thuii 
if  a  few  drops  of  ammonium  giiljihiile  or  of  uii  alkuline  KuUilion 
of  ferrous  sulphate,  kept  from  precipiLatiitn  by  the  preseiic-v  of 
tartaric  acid,  be  added  to  a  solution  of  bn^moglobin,  or  even  to 
an  unpurified  solution  of  blood  coipuneles  such  &»  is  afforded 
by  the  washings  from  a  blood  clot,  the  oxygen  in  loose  combi- 
nation with  the  hwimoglobm  is  immediately  seized  upon  by  the 
reducing  agent.  This  may  l>e  recognized  at  uuco^  by  the  char- 
octemtie  change  of  colour;  from  a  bright  sciirlct  the  solution 
becomes  of  u  purjilish  claret  colour,  wlieii  seen  in  any  tJiickueiiK, 
but  greeniRh  whpn  sufficiently  thin  :  the  colour  of  the  rediicell 
flolutian  is  exactly  like  that  of  tlie  crystals  from  which  the 
loose  oxygen  has  been  removed  by  the  air-pump. 

Examined  by  the  spectroscope,  this  wduced  solution,  or 
solution  of  reduced  harinot/lohin,  an  we  may  now  cu,ll  it,  offers  a 
spcL'trum  (Fig.  89, 5}  very  different  from  that  of  the  um-cduced 
Holutiuu. 

Tlie  two  absorption  hands  have  disapfiearerl,  and  in  their 
place  there  is  seen  a  single,  much  broader,  but  al  the  same  time 
much  fainter  band,  whose  midiUe  occupies  a  iiosition  about  mid- 
way  between  the  two  absorption  bunds  of  tne  unreduced  solu- 
tion, though  the  redward  edge  of  the  band  shades  away  rather 
farther  towards  the  red  than  does  the  other  edge  towards  the 
blue;  its  centre  corresimnds  to  about  wave-lengtii  5.5.5.  At 
the  same  time  the  general  absorption  of  the  s}>ectnmi  is  differ- 
ent from  that  of  the  unieduced  solution ;  less  nf  the  blue  end 
is  absorbed.  Even  when  the  solutions  become  tolerably  con- 
centrated, many  of  the  bluish-greoa  rays  to  the  blue  side  of 
the  single  band  still  pass  through.  Ilenec  the  difference  in 
colour  between  haemoglobin  which  retiiiiis  the  loosely  combined 
oxygen,^  and  hicnioglobtn  which  lias  lost  its  oxygen  and  iR-eome 
rei^uced.  In  tolerably  roncentrated  solutions,  or  tolembly  thick 
layers,  the  former  lets  through  the  red  and  the  oi-ange -yellow 
rays,  the  latter  the  red  and  the  bluisb-gTeen  rays.  Accoroingly, 
the  one  appears  scarlet,  the  other  pur])Ie.  In  dilute  solutions, 
or  in  a  thin  layer,  the  reduced  hipmoglobiu  lets  through  so 
much  of  the  green  rays  that  they  pi-c ponderate  over  the  red. 
and  the  resulting  impression  is  one  of  green.  In  the  unreduced 
htemoglobin  or  oxyhiemoglobin,  the  po1«nt  yellow  which  i» 
blocked  out  in  the  reduced  lia;mnglobin,  makes  itself  felt,  so 
that  a  very  thin  layer  of  oxyh»moglobio,  as  in  a  single  cor- 
puscle seen  under  tJie  microscope,  appears  yellow  rather  tban 
red. 

It  must  be  remembered  that  when  wo  Hp<»k  of  reduced 

>  For  lircvity'A  nice  wc  iiij>y  taXl  ilnt  haauioulubiii  ciiniaiiiing  oxjrgeB  in  loow 
oonbtnUiiHi.  ojcyAiemojrIc&Oi.  uui  tko  bieuioiiiloliiii  from  vthich  thbi  looMtroom- 
bfaod  oxjTflcn  ■>««  h«>ti  rvnunrnd.  rcdocrd  bntmogtobiii  oi  Kimply  lixmMglotiJn. 


iBb. 


J 


OaAr.  II.] 


HESi'IRATION. 


4fi5 


bienioglobiii  (or  more  briefly  htBrnoglobiii),  with  a  purple  col- 
our and  a  chiiract«ristic  on«bainlc<l  spt-ctrum,  we  mean  lixmo- 
f^lohin  whicli  Irns  lost  all  il«  Jooswly  iu;¥>ociate<l  oxygen.  If  il 
<(uanlitj  of  oxyliii-inoglohiii  l>e  cxpusud  to  au  insulliciently  low 
pntsHure,  or  to  the  action  of  an  insiiHtoient  quantity  of  the 
rwdueing  action,  it  gives  up  a  part  only  of  its  oxygon;  it  u 
only  partly  reduced.  Such  a  partly  reduced  solution  still  shews 
tJie  two  hamls  of  oxvIuBinogl««)in. 

§  278.  When  llie  lia^moglobin  solution  (or  crystal)  which 
lioA  tost  its  oxygen  hy  the  uoiiou  either  of  the  air-pump  or  of 
a  reducing  Hgeut  or  l>y  the  piutsiigo  of  an  indifferent  gas.  ia 
exposed  to  iiir  containing  oxygen,  »n  (tl>s<^irptii>n  of  nxygen  at 
once  takes  place,  if  .tiillicient  oxygen  \k-  pi-cjient,  the  liurtno- 
glohiii  twizex  upon  HtiOicient  oxygen  to  obtain  it«  full  coinplenierit, 
each  gramme  taking  up  in  combination  I'o^  c.cm.  of  oxygen; 
if  there  be  an  iuauliieient  quantity  of  o.tygen  the  hemoglobin 
still  remains  partly  reduced;  or  ]>erha)>s  we  may  eay  that  a 
part  only  of  the  luemogloliiri  gets  its  allowanec  while  the 
ronuunder  continues  reduced.  If  the  iiniount  of  oxygen  be 
sufficient,  the  solution  (or  crystal),  iis  it  takes  up  the  oxygen, 
regains  it«  bright  nearlet  colour  and  its  characteristic  ahsorjit  ion 
spectnun,  the  single  band  lieing  replaced  hy  the  two.  Thus  if 
a  Dolution  of  ox y haemoglobin  in  a  test-tube,  after  lieing  reduced 
by  the  action  of  a  drop  or  two  of  ammonium  aidphide  solution 
and  tliUN  shewing  the  purple  colour  and  the  single  band,  be 
shaken  up  with  air.  the  bright  scarlet  colour  at  onee  returns, 
and  when  the  ilnid  is  pliiecd  before  the  sjKrctroscojuv  it  is  seen 
Uiat  the  single  faint  bi-oad  l>and  of  the  i-educetl  h»'moglobiii 
)uM  wholly  disappeared,  and  that  in  its  place  are  the  two  sliar]) 
thinner  Imnds  of  the  oxyha>moglobin.  If  left  to  atand  in  the 
le,it-tul»e  the  quantity  ot  reducing  agent  still  present  is  gener- 
ally suHieient  again  to  rob  tlic  bieuioglobin  of  the  oxygen  thus 
newly  ac()uin.'d.  atul  soon  the  scarlet  hue  fades  back  ugivin  into 
the  purple,  the  two  bunds  giving  place  to  the  one.  .Another 
sliaku  and  exposure  to  atr  will  however  again  bring  back  tlie 
RC»rlet  hue  and  the  two  bands;  and  onoe  more  these  may  di«- 
apjtear.  In  fact,  a  few  drops  of  the  reducing  fluid  will  allow 
ims  game  of  hipnioglobin  taking  oxygen  from  the  air  an<!  giv- 
ing it  up  to  the  i-edueer  to  lie  playeil  over  and  over  again ;  at 
each  turn  of  the  game  the  colour  shifts  from  siarlet  to  purpk% 
and  from  purple  to  scarlet,  wliile  the  two  bands  cxcluuige  for 
tbe  one,  and  tlie  one  for  the  two. 

§  279.  Colour  of  Venovt  and  ATttrtal  Blood.  Endently 
we  have  in  these  pmperties  of  luemoglobin  an  explanation  of 
at  tea.si  one. half  of  the  great  respiratory  process,  and  they  teach 
us  the  meaning  of  the  cnajige  of  colour  which  takes  place  when 
venous  blood  jjccomes  arterial  or  arterial  venous, 

bi  venous  blood,  aa  it  issues  from  tliu  right  ventricle,  thv 
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osyccu  prpsciit  is  insunRnciit  to  Natisfy  wliolly  Ilic  hrpmoRlobin 
of  tlic  red  corpuscles ;  the  hremoglobin  is,  to  »  lar^v  extent, ' 
ivdueed,  Iieiice  the  purple  colour  nf  venous  Mood.  When  ordj- 
narj'  venous  blond,  diluted  without  access  of  oxygen,  is  l)roufjht 
before  the  spectroaconc.  the  two  bands  of  oxyha'nioglobin  are  j 
seen.  This  is  cxphunt-d  by  tht'  fiitt  that  in  partly  reduced 
hwmoglobin.  which  we  may  oonvoiiionllj'  wpiril  as  a  mixture 
of  oxyhifmo^^lobiu  and  (rvdiioed)  ha^inuglobin,  tlio  two  aliarp 
bands  of  lite  former  are  always  much  mure  re«ili]y  aeon  than 
the  much  fainter  hand  of  the  latter.  Now  in  ordinnry  vciiouSj 
blood  there  is  always  aomi!  loose  oxygen,  removable  by  dimin* ' 
ished  pressure  or  otherwise  ;  the  hsemoglobin  is  only  partly 
redueed,  there  is  always  some,  indeed  a  coJisid(*rablc  quantity, 
of  nxyhii-motilobin  an  well  its  (redueed)  hiemo];lobin.  It  is  only 
imdor  special  cireumstauees,  as  for  iustarioe  after  death  by  what 
we  shall  presently  siwak  of  us  asphyxia,  that  ail  the  loose  oxy- 
gen of  the  blood  disappears:  and  then  the  two  bands  of  the 
oxyhietiiogloliin  vanish  loo.  If  even  only  a  small  quantity  of 
oxygen  be  present  so  distinct  are  the  two  bands  that  a  solution 
of  eompU'tely  reduced  hH.'moRlobiu  may  be  used  as  a  test  fop 
the  presence  of  oxyijen;  if  oxyK^-'U  l>e  present  in  any  tluid  to 
which  the  reduced  biemogloMn  is  added,  the  single  band  immv- 
^liat^lly  gives  way  to  the  two  bands  of  oxyhjemoglobin. 

As  tile  venous  blood  passes  through  the  eapillaries  of  th«j 
lungs,  this  rednceil  ha'moglobin  takes  from  the  pulmonary  aip' 
its  complement  nf  oxygen,  all  or  nearly  all  the  ha!moglnhin  of 
the   red  corpuscles  becomea  oxylupmojjlohin.  and  the  purple 
colour  forthwith  shifts  into  scarlet.     For  careful  observations 
shew  that   the   hiemoglobin    of  arterial  blood  is  saturated   or 
nearly  saturated  with  oxygen,  it  probably  falls  short  of  com- 
plete saturation  V»y  about  1  vol.  of  oxygen  in  100  vols,  of  blood. 
IJy  increasing  the  pressure  of  the  oxygen,  an  ailditinnal  rpmn- 
tity  may  be  driven  into  the  blood,  but  this,  after  the  haemoglobin  j 
bait  l>eenme  completely  saturated,  is  eflected  by  simple  absorp-^ 
tinn.     The  quantity  so  added  is  extremely  small  compared  with 
the  total  quantity  combined  with  the  ha.'moglohin. 

Passing  from  the  left  ventricio  to  the  cjipillaries  of  the  tis- 
sues the  oxyhiemoglijbiu  gives  up  some  of  its  oxygen  to  tho 
tissues,  becoming,  in  part,  reduced  ha;nii)globin.  an<J  the  V>lood 
in  consequence  beenmes  once  more  venous,  with  a  purple  liue. 
Thus  the  red  corpuscles  by  virtue  of  their  ha'moglobin  are  em 
phatically  oxygen -carriers.  Undergoing  no  intrinsic  change  in 
itjielf,  the  hienioglobin  comhiiiea  in  the  lungs  with  oxygon,  which 
it  carries  to  the  tiHSties;  tlicac.  more  greedy  of  oxygen  than 
itscU.  rob  it  of  its  charge,  niul  the  rcducctl  hatmoglobiu  hurries 
back  to  the  lungs  in  the  venous  blood  for  another  portion.  The 
cliauge  from  venous  to  arterial  blood  is  then  in  part  (for  as  we 
shall  eee  there  are  other  events  as  well)  n  jjeculiar  combination 


FChap.  il] 


UKSI'IRATION. 


457 


of  luemoglobin  vith  uxyf^uii,  while  tbu  chiingv  from  arterial  to 
vcDouH  ia,  in  part  ulso,  «  rediiotltin  of  oxylia^moglobin  :  and  tho 
differenoe  of  colour  between  venous  and  arteniil  tilnod  <k-pciids 
oliiioetl  ontirely  on  tlio  fact  that  the  reduced  hipmnglohin  of  tho 
former  in  of  purple  colour,  while  the  oxybiDmoglobin  of  the  Int* 
ter  in  of  a  Rcarlet  colour. 

There  may  be  otlier  causes  of  tin?  clianirc!  of  colour,  but  these 
Rre  wholly  subsi<linry  iind  uuinipurtant'.  When  a  corpuscle 
iwclls,  its  refntc-tivc  power  is  dimitUKlied,  and  in  consequence 
the  number  of  ray.s  which  pa»H  into  and  are  absorbed  by  it  are 
inoreaaed  at  the  expeusw  of  those  reflected  from  its  surfwce ; 
,hing  therefore  which  swells  the  corpuscleH,  snrh  a«   the 

ition  of  water,  tends  to  darken  blooiU  and  unj'thiTK^,  such  as 
a  concentrated  saline  solution,  which  cauMs  the  l  i[iii-rle8  to 
Khrink.  tends  to  brighten  blood.  Carhutiic  ncid  hit.s  iippaivntly 
liomo  inflnencu  in  swelllnf;  the  corpuscles,  and  therefore  may 
aid  in  darkening  the  venous  blood. 

§  280.  We  have  spoken  of  the  combination  of  hjeiiioglobin 
with  oxygen  as  lieing  a  peculiar  one.  The  peculiarity  canftiRts 
in  the  facta  that  the  oxygen  may  l>e  associated  and  dissociated, 
without  anv  general  disturlmnco  of  the  molecule  of  hiemoglobin, 
and  that  dissociation  may  be  brought  about  very  readily.  Hie- 
mofflobin  combines  in  a  wholly  similar  manner  with  other  gases. 
If  cjirbonic  oxide  (monoxide)  I>e  parsed  tlirough  a  solution  of 
haemoglobin,  a  change  of  colour  takes  place,  a  peculiar  bluish 
tinge  making  its  appearance.  At  the  same  time  the  sjwctrum 
is  altered  -,  two  bands  are  still  visible,  but  on  accurate  measure- 
ment it  ia  seen  that  they  are  placed  more  towards  the  blue  end 
than  are  the  otherwise  similar  bands  of  oxyhatmoglobio  (see 
Fig.  89, 6) ;  their  centres  corresponding  respectively  to  ai>out 
wave-lengths  572  and  !"iS3,  while  those  of  oxyha-moglobiu  as 
we  have  seen  corresponrl  to  .^78  and  5.^fl.  When  a  kno^vn 
quantity  of  carbonic  oxide  gas  is  sent  through  a  hiiemoglobin 
solution,  it  will  be  found  on  examination  that  a  certain  amoimt 
of  the  gas  has  lieen  retained,  an  equal  volume  of  oxygen  appear 
ing  in  its  place  in  the  gas  which  issues  from  the  solution.  If 
tlw  solution  so  treated  be  crystallized,  the  crj'stals  will  haro  the 
oanie  characteristic  colour,  and  give  the  siime  alMorption  8|>ee- 
tltun  as  the  solution  ;  wlien  Hiibject^i]  to  the  action  of  the  mer- 
cnrial  pump,  they  will  give  off  a  ilefiuile  quantity  of  carbonic 
oxide,  1  gnn.  of  tlie  crystaU  yielding  1  -51>  c.cm.  of  the  gas.  In 
fact,  h;emoglobin  combines  loosely  n'ith  carbonic  oxide  just  as 
it  does  with  oxygen  ;  but  its  affinity  with  the  former  is  greater 
than  witli  the  latter.  While  cirljonic  oxide  readily  turns  out 
oxygen,  oxygen  cannot  so  readily  turn  out  carbonic  oxide. 
Indeed,  carbonic  oxide  luis  been  useil  a»  a  means  of  driving 
out  anrl  measuring  the  quantity  of  oxygen  present  in  any  given 
blood.     Tliis  property  of  carbonic  oxide  explains  its  poisonouit 
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hieniojiobin).  but  tliougli  belonging  to  the  globulin  family,  has 
cbaraetflis  of  ita  own  ;  it  is  possibly  a  mixture  of  two  or  more 
distinct  protoids.  It  ba^  been  provisionally  niitnvd  fflohin  and 
is  snid  to  be  freu  from  usb. 

§  282.  Hit^nmliu  wheu  sepamtud  from  its  protcid  fellow,  and 
purified,  appears  as  a  dark-brown  aniurplious  powder,  or  as  a 
Hcaly  niatiH  with  a  metallic  liutti'e,  having  the  probable  compoei- 
tion  of  C'aj.  \l^.  N^.  Fe.  (\,  It  is  fairly  soluble  in  dilute  acid 
or  uikalijio  tiolutions,  and  then  gives  characteristic  spectra 
(Fig.  yi>,  1.  2,  5). 

An  iut«rL-sliiig  feature  in  Iiicm&tin  is  that  its  alktiline  solu- 
tion isoapablu  of  being  ri-duced  by  it'dueiiigagenl.slbespwtrujn 
clianging  at  the  nume  time  (Kig.  30.  3),  ami  tiiat  the  reducetl 
ftolution  will,  like  the  hiemoglohin,  take  up  oxygen  again  on 
being  brought  into  contact  with  air  or  oxygen.  This  would 
aeem  to  indicate  iliat  tht-  oxygen-holding  power  of  bicmoglobin 
ia  coitnectvd  exclusively  witli  its  ha'matin  constituent. 

By  tlw  action  of  slrniig  sulphuric  add  htt'matin  may  be 
robbed  of  oil  iu  iron.  It  »till  retains  the  feature  of  possess- 
tng  colour,  tlie  solution  of  iron-free  hiematin  l>eing  a  dark  rich 
browni.<4h  red ;  but  in  no  longer  eapahie  of  combining  loosely 
with  oxygen.  This  indicates  that  the  iron  ia  in  some  war  asso- 
ciated with  the  peculiar  respiratory  functions  of  lucmoglobin  ; 
though  it  ia  obviously  an  error  to  suppose,  as  was  ouvc  xuppotwd. 
that  the  change  from  venous  to  urlerial  blood  consists  essentially 
in  a  change  from  a  ferrous  t«  a  ferric  kaH. 

Though  tmt  erystallimhle  itself,  hiemittin  forms  with  hydro- 
chlorie  acid  a  eomponnd,  occurring  in  minate  rhombic  crystalSi 
known  as  he^miR  crystals. 

When  blood  is  left  until  it  decomposes,  the  haemoglobin  ia 
very  apt  to  become  changed  into  a  peculiar  body  known  as 
methiemofflobin,  in  the  spectrum  of  which  a  very  conspicuous 
band  is  seen  in  the  red  between  C  and  I>  (see  Fig.  90,  4>.  The 
eanie  change  may  be  brought  abont  by  the  action  of  weak  acids, 
siieli  &»  carbonic  acid,  I>y  ozone,  and  by  other  agenta  such  as 
nitrites  and  potassium  permanganate.  When  a  stream  of  car- 
bonic acid  is  driven  through  blood  or  through  a  solution  of 
liicmoglobin  the  band  in  the  red  characteristic  of  met  bicmoglo- 
bin soon  makes  iU  appciirauoe.  .Metluruioglobiu  dilTfrs  but 
little  if  at  all  in  elementary  eomjKisition  fniui  hiemoglobin  ;  it 
is  maintained  that  it  contains  the  same  nuantity  of  oxygen  as 
oxy hiemoglobin  hut  in  a  more  stable  conuition,  more  intimately 
■asociated  with  the  molecule. 

In  conclusion,  tbo  condition  of  oxygen  in  the  blood  is  as 
follows.  Of  the  whole  quantity  of  oxygen  in  the  blood,  only  a 
minute  fraction  is  simply  al.isorbed  or  dissolved  according  to  the 
law  of  pi-essun-s  ( the  lienry-Dalton  law).  The  great  inasw  is 
in  a  state  of  combination  with  the  haimoglobiu.  the  connection 
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boinf^  of  such  a  kind  tliat  while  the  hiemoglobin  readily  com- 
biiivs  n-ith  the  uxygeii  of  the  air  t(>  which  it  i»  exposed,  dis- 
»ocialioi)  readily  occurs  at  low  pressures,  or  in  the  pri-*ciicc  of 
indiffereut  gases,  or  l>y  tiie  action  of  substances  haviii|;  a  vrcatvT 
affinity  for  oxygen  than  lias  hienioglobin  itself.  The  differi-nco 
between  venous  and  arterial  blood,  as  fur  aa  oxygen  ia  eou' 
oeraed,  is  that  wldlc  in  arterial  blowl  the  UiemogTobin  holds 
nearly  its  full  coinplcmont  of  oxyf^n  mid  may  be  spoken  of  as 
aemrly  wholly  oxyhtemoglobiti,  in  venous  blmid  tin-  hiL-moglobin 
ia  to  a  ItiTge  but  variable  extent,  reduced  ;  and  the  t-harat-ter- 
utio  oolount  of  venous  and  arterial  blood  are  in  tlie  tiiain  due  to 
the  faet  tliat  the  colour  of  reduced  tuemoglobin  is  purple,  while 
that  of  oxyhiemoglobin  ia  scarlet. 

The  relation*  of  the  Carbonic  Acid  in  the  Bhod. 

g  283.  The  presence  of  carbonic  acid  in  the  blood  appeArs 
to  vie  detorminixl  by  conditions  more  complex  in  tlieir  nature 
and  at  present  not  so  well  undcrst^iod  as  those  which  determine 
the  prcscnci!  of  oxvgen.  The  carlxtuic  acid  ix  not  simply  dis- 
i<>olvud  in  the  blooil ;  its  absorption  by  blood  docs  not  follow  the 
law  of  pi'essures.  It  exists  in  association  with  some  snl)«taQC6 
or  substances  in  the  blood,  and  it«  escape  from  the  bloral  is  a 
process  of  diiuociation.  We  cannot  however  apeak  of  it  as 
being  associated,  in  the  same  definite  and  clear  way  as  ia  the 
ozytren,  with  the  htcmoglobin  of  the  red  corpuscles. 

Several  facts  seem  to  HUpjtort  the  view  ttiat  the  carbonic 
acid  exists  associated  with  some  substAnoe  or  substances  in  the 
plasma,  but  at  the  same  time  indicate  that  the  conditions  of  its 
awociation  (and  therefore  of  ita  dissociation)  are  determined 
by  tlie  action  of  some  substance  or  substances  present  in  the 
corpuscles.  It  has  been  sujrgested  that  the  association  of  the 
carlronic  acid  in  the  plasma  is  witb  one  or  other  of  the  proteids 
of  the  plasma ;  but  it  lias  also  been  suggested  that  tlie  associa- 
tion is  one  with  stKlium  as  sodium  bicarbonate,  and  further  that 
t)te  hEemoglobin  of  the  corpuscles  plays  a  part  in  promoting  the 
dissociation  of  the  sodium  bicarbonate  or  even  the  carbonate, 
and  thus  keeping  up  the  carbonic  acid  of  the  entire  blood. 
Other  observera  nowever  maintain  that  the  plasma  docs  not 
bold  this  exclusive  )>osscssion  of  the  carbonic  aeid,  but  that 
a  considomblc  quantity  at  least  of  this  gii-t  is  in  Kome  defmite 
m-ay  aspociatoi  with  the  red  corpuscles.  Further  investigations 
an;  necessary  before  the  matter  can  be  said  to  have  been  placed 
on  ■  nti«factory  footing. 

The  reiationt  of  Nitrogen  in  the  Blood. 

§  284.  The  small  quantity  of  this  gas  which  Lt  present  in 
both  arterial  and  venous  blood  seems  to  exist  in  a  state  of  sim- 
ple solution. 


SEC.  4.    THE  RESPiKATORY  CHjVNGES  IN  TITE  LCNG& 

§  285.  Thv  Enlranrn  of  Oj:i/;/ifn.  We  have  Already  seen 
that  the  blood  in  jiaHsiiig  through  the  lungs  Uikas  up  a  oertAin 
vai-iahle  quantity  (t'lom  8  to  12  vols,  p.c.)  ot"  oxygen.  We 
have  further  seen  thut  tliu  (]uaiitity  «o  taken  up,  putting  aside 
the  inHiguilicant  fi\u;tioii  Mimply  nltsorht-d.  enters  into  direct 
but  tousi!  conibiniition  with  lliu  hii'mu^lobin.  In  dniwing  a 
distinutiun  bvlwecii  tlie  oxygen  xiinply  iiW>rbed  iiud  thiit  enter- 
ing iutu  uombinntion  with  the  hH^moglobin.  ii  must  not  be 
understood  that  the  latter  la  wholly  inde{ieiident  of  pressure. 
On  the  ooatrary.  all  chemical  coiupouncUi  are  in  varioui«  decrees 
snhject  tn  dissociation  at  certain  pressures  and  temperatures ; 
aii<l  the  exirttencf  of  the  Homtwhat  loose  compound  of  oxygen 
and  hienio^tobiti  iii  dependent  on  the  partial  pressure  of  oxygen 
ill  the  atmosphere  to  which  the  Luimoglobiu  is  expoaed.  Not 
only  will  u  solution  of  lueiiioglobin  or  a  qiuiiitity  of  blood  either 
ttbdurb  oxygen  and  l\i»s  undergo  .isKuciulion  or  uudcrgu  disso- 
ctation  and  give  off  oxygen  aeemiiing  as  tlie  partiid  pmssuni 
nf  oxygen  in  the  atmosphere  to  which  it  itt  exixt^d  i»  high  or  t 
low,  out  aUo  the  amount  taJcen  up  or  given  off  will  depend  on  i 
tbe  degree  of  the  partial  ureasuw :  the  hiemoglobin  a«  we  have 
seen  may  bo  cither  partially  or  wholly  reduced.  The  law  how- 
ever according  to  whieh  alMorptluu  or  escape  thus  takes  place 
ig  quitv  different  from  that  observed  in  the  simple  absorption 
of  oxygen  by  liijuUU.  The  association  or  dtssociiition  is  fur- 
ther especially  (te]teiident  on  temiwratm-e,  a  high  tem)>eratnre 
favouring  diiwociaiion.  so  that  at  a  high  temperature  less  oxy- 
g^-n  is  taken  up  than  woidd  be  taken  up  (or.  as  the  case  may 
be,  more  given  off  than  would  be  given  off)  at  a  lower  tempera- 
ture, the  partial  pressure  of  tlie  oxygen  in  the  atmoHpherv 
remaining  the  same. 

Moreover  in  tfie  blood  we  luive  to  deal  not  with  hn?moglobin 
in  simp]).'  solution,  in  whieh  the  moleenles  are  disperseil  iiui- 
fonnly  through  the  solvent,  lint  with  the  hemoglobin  segre- 
gated into  minute  iaolate<l  masses,  bottled  up  as  it  were  in  the 
individujil  curjmscles.     The  hsnnoglobin  of  each  corpuscle  itt 
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Mtparnted  from  its  fellows  by  a  kyer.  thin  it  may  be  but  still 
aoistinct  lityer,  of  colourlettx,  hu>mnfflobinte!t8  {i!a«ma.  As  the 
corpuscle  makes  its  way  through  the  narrow  oaitillary  imtliis 
of  a  pulmonary  alveolus,  it  is  SL-punitod  from  tlie  air  of  rhe 
alveolus  by  a  thin  luyi'r  of  pliutnut  (is  well  lut  by  tbe  film  of  th« 
conjoined  citpilhtry  and  ulveolur  whIIh;  and  a  likv  layer  of 
pla«ma  »ipiirales  it  from  jt«  fellows  as  it  journey*  in  company 
with  theui  tlirnugh  the  wider  piissaces  of  the  ai-tei-ie^  and  vciiiH. 
'I'lirough  thLi  layer  of  plasma,  whicli  containing  no  hinmnglobiu 
vsm  hold  oxygen  in  simple  solution  only,  the  oxygen  has  to 
pass  on  its  way  to  and  from  the  corpuscle ;  and  every  corpuscle 
may  be  considered  as  governing,  as  far  n»  oxygen  is  concerned, 
a  zono  of  plasma  imincdiiitcly  iiurrouu<Uug  itoelf.  The  cor- 
puscle takes  itJ4  oxygen  directly  ''■'om  thJ8  soDe  and  gives  up 
its  oxygen  riirectly  to  tium  Kone ;  ami  the  preteiire  at  which  at 
any  moment  the  oxygen  exiittit  in  this  zone  will  depend  on  the 
pcessure  of  oxygen  outside  the  zone,  in  the  air  of  the  pulmonary 
alveolus  for  instance,  and  on  the  smaller  or  greater  amount  of 
oxygen  associated  with  the  hiemoglobm  of  the  vorpuaclo. 

The  evidence,  however,  alTorilcd  by  various  experiments, 
M  far  UH  it  goes,  seems  to  shew  tlmt  bloml  aIntoriM  oxygen  in 
the  same  way  »»  an  aqueous  Roiution  of  hii-moglohiii  of  the 
same  concjentration ;  the  Bone  of  plasma  spoken  of  above  as 
surrounding  each  corpuscle  seems  to  behave  as  far  as  regards 
the  passage  of  oxygen  to  and  from  the  corpuscles  in  no  exsi^n- 
tiatly  different  i-esjiect  from  the  wity  in  which  the  molecules  of 
nutvr,  belonging  to  a  molecule  of  dissolveil  hieinoglobin,  behave 
in  regard  to  the  ubiiorptiou  or  tlie  givmg-otT  of  oxygen  by  an 
aqueous  solution  of  biemoglobiu. 

The  film  of  the  conjoined  capillarv  and  alveolar  wall  is  a 
thin  raemhi-ane  soaked  with  lymph  and  wet ;  we  cannot  8peak 
of  it  as  actually  secreting  a  liquid  secretion  into  the  alveolus, 
for  the  cavity  of  the  alveolus  is  filled  with  air  which,  though 
Hutunilcd  with  moisture,  is  air.  not  a  liquid ;  still  enough  passes 
tlirough  the  Itlm  to  keep  the  film  continually  moist.  Through 
this  film  tlio  oxygen  htui  to  make  its  way  in  onler  togabi  aevew 
to  the  plasma  and  so  to  tbe  corpuscle;  it  makes  its  way  dis- 
solved  in  the  fluid,  tliat  is  the  Ij-mph.  which  keeps  the  film 
moist.  This  tilni  moreover  is  composed  of  living  matter,  and 
the  considerations  which  a  little  while  back  (§  ioS)  we  urged 
coocomiog  the  diffusion  through  a  living  membrane  of  solid 
«ubRtancus  in  solution,  hold  good  ahto  for  the  diffusion  of  gamnt 
in  solution. 

If  now  we  ask  the  question.  Are  the  conditions  in  wbieh 
hemoglobin  and  oxygen  exist  in  ordinary  venous  hlood  as  it 
flows  to  tbe  ItingH.  of  such  a  kin<l  that  the  venous  blood  in 
passing  through  the  pulmonary  capillaries  will  find  the  partial 
pressure  of  the  oxygen  in  the  pulmonary  alveoli  sutlicieul 
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through  the  actinii  of  simple  physiuLl  luusux  Ui  hrliig  about 
the  assottiatioii  of  tlie  additioiml  quantity  of  oxygeit  whurchy 
the  venous  la  ctHiverted  into  arterial  blood?  The  reply  w  iw 
follows. 

§  286.  In  man,  ha  vtb  hare  aet-n.  cxpii'cd  air  contains  about 
16  p.c.  of  oxygen.  Thu  air  in  th«  pulmonary  alveoli  must 
contain  Icsd  tliuu  iiiia,  siiki;  tliv  I'xpired  iiir  consistii  of  tidal 
air  mixed  by  diffusion  with  the  stationary  air.  ilow  muck 
l«aji  it  contains  we  do  not  exactly  know,  but  probably  the  dif- 
ference is  not  very  great.  At  tne  ordinary  atmospheric  pres- 
sure of  itiO  mm.  16  p.c.  ia  equivalent  to  a  partial  pressure  of 
12:2  mm.  The  question  tlierefore  stands  thus.  Will  venous 
blood,  expoacd  at  the  temiterntui-e  of  the  body  to  a  partial  pres- 
sure of  less  thun  I--  nun.  (less  tliiin  16  p.c.)  of  oxygen  take 
up  sufficient  oxygen  (from  8  to  12  vola.  p.c.)  to  couvmt  it 
into  arterial  blood?  Numerous  experiments  have  been  made 
(chiefly  but  not  exclusivel3'  on  the  dog)  to  determine  on  the 
one  hand  the  oxygeu-i>ressure  of  both  arterial  and  venous  blood 
(i.e.  the  partial  presaiu'c  of  oxygen  in  an  atmosphere  exposed 
to  which  the  arterial  blood  neither  gives  up  nor  takes  in  oxy- 
gen, and  the  same  for  veuou«  blood),  and  on  the  otbvr  baud 
the  behaviour,  nt  the  tenipeniture  of  the  body  or  at  ordinary 
temperatureii,  of  blood  towards  an  atmosphere  in  which  the 
partial  pre.-isnre  of  oxygen  is  made  to  vary.  Without  going 
into  detail,  we  may  state  that  these  experiments  seem  to  shew 
that  the  partial  pressure  of  oxygen  in  the  lungs  is  amply  suffi- 
cient to  bring  about,  at  tho  temperature  of  the  body,  the  asso- 
ciation of  that  additional  amount  of  oxygen  by  which  venoua 
blood  becomes  arterial.  NV'heu  blood  is  suceeasivcly  expoited 
to  increasing  oxygt^u  pi'esMures,  as  the  partial  prcsiiuru  of  oxy- 
gen IS  gradually  increased,  the  curve  of  nbsorptioii  rises  at  first 
very  rapidly  but  afterwards  more  slowly ;  that  is  to  say,  the 
later  additions  of  o.tygen  at  the  higher  pressures  are  proitor- 
tionately  less  than  the  earlier  ones  at  the  lower  pressures. 
And  this  is  consonant  with  what  appears  to  be  the  fact  that 
the  hiemoglobin  of  arterial  blood  tboiigb  nearly  saturated  with 
oxygen,  i.e.  associated  with  almost  its  fidl  complement  of  oxy- 
gen, is  not  quite  SiUiirated.  When  arterial  blood  is  thoroughly 
exposed  to  air  it  takes  up  rather  more  than  I  vol.  p.c.  of  oxy- 
gen ;  and  that  appears  to  i-epresent  the  diflference  between 
exposing  blood  to  pure  air,  such  as  enters  or  ought  to  enter 
the  moutli  in  inspiration,  and  exposing  blood  to  uie  air  as  it 
exists  in  the  pulmonary  alveoli.  The  greater  relative  absorp- 
tion at  tho  lower  pressures  Irns  a  benelicial  effect  in  as  much 
as  it  still  permit^s  a  considerable  quantity  of  oxygen  to  be 
absorbed  even  when  the  partial  pressure  of  oxygen  in  the  air 
in  tlie  1  lings  is  largely  reduced,  as  in  ascending  to  crent  heights. 

i>inular  observations  seem  to  shew  that  arteriaJ  blood  ceases 
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^'to  take  up  oxygen  and  beguis  to  piv«  off  oxygtfn,  in  other  words, 
that  clifisocitttion  bcfrins  to  take  place,  when  tbu  purtiul  pressure 
of  thu  oxygvii  ill  the  iitinosphvnt  lo  which  it  i»  «xj>ow<l  sinks  to 
about  t>0  nun.  of  iimreury.  thai  it  to  Kay,  when  the  whole  atino»- 
phoric  presMiire  in  n'diu^ed  from  TIJll  mm.  to  nljout  SOO  iiiiii.  or 
M'heii  the  percentage  of  oxygen  in  the  atmosphere  is  reduced  by 
decidedly  more  than  half.  And  this  accoi-ds  with  the  observa- 
tion that,  in  man.  when  th«  oxygen  of  inspired  air  in  gradually 
diminished,  without  any  other  i-haugc  in  the  air,  8ym))tonis  of 
dyspnu^i  du  not  maki^  thoir  apiJearancu  until  thu  oxygen  sinkii 
to  10  p.c.  in  the  inspired  air  and  must  therefore  Ixt  less  than 
thin  in  the  pulmonary  alveoli.  We  may  remark  thfit  ut  onlt- 
nury  altitudas  even  taking  into  account  the  diminution  the 
oxygen  undergoes  beforu  it  reaches  the  pulmonary  alveoli,  the 
partial  pressiuo  of  the  oxygen  in  the  atmoephere  Waves  a  wide 
margin  of  safety.     But  ut  on  altitude  of  5600  mctrus  (1700  fe«t) 

I  at  wliieh  the  prvsiture  of  the  whole  iitino^phere  atunds  at  about 
tlie  limit  given  above  of  SOO  mm.,  the  partial  pressure  of  the 
oxygen  will  be  such  that  the  venous  blood  cannot  take  up  the 
quantitv  of  oxygen  proper  to  convert  it  into  arterial  biootl,  since 
at  this  limit  arterial  blood  liegins  to  give  off  oxygen.  We  may 
add  that  it  is  at  thia  altitude  that  breathing  becomea  eapecially 
difiicidt.  but  to  this  we  shall  return. 

§  287.  The  statements  made  so  Far  refer  to  ordinary  breath- 
ing, but  the  question  may  l>e  asked,  Wliiit  hap|iens  when  the 
renewal  of  the  air  iu  the  pidiiionary  alveuli  ceases,  us  when  thu 

■  trachea  is  olwtmcted  ?  In  hucIi  a  ease  the  oxygen  in  the  alveoli 
is  found  to  diminiah  rapidly,  so  that  the  partial  pre8»ui-e  of  oxy- 
gen in  them  soon  falls  nelow  the  oxygen-pressure  of  ordinary 
venous  blood.  Itut  in  such  a  case  the  blood  is  no  longer  ordi- 
nary venous  blotxl ;  instead  of  being  moderately,  it  is  largely 
and  increasingly  reduced  ;  instead  of  containing  a  comparatively 
small  amount,  it  contains  a  large  and  gradually  increjising 
amount,  of  reduced  hiemoglobiu.  And  as  the  reduction  cou- 
tinucA  to  increase,  the  oxygeu-preseure  of  the  venous  blood  also 
continues  to  decrease  ;  it  thus  Keeps  below  that  of  the  air  in  the 
lungs.  Hence  apparently  even  the  last  traces  of  oxygen  in 
the  lungs  may  be  taken  up  by  the  blood,  and  carried  a^vay  to 
the  tissues. 

Guided  by  these  obseirations  then,  we  should  be  led  to  con- 
clude that  the  tilm  of  the  conjoined  pulmonary  and  ciijiilhiry 
wall  does  not  exert  any  influence,  by  virtue  of  its  being  a  living 
Btmcture,  ujKin  the  entrance  of  oxygen  into  the  blood,  or  indeed 
I  exert  any  influence  at  all  even  as  a  mere  membrane  or  septum; 
I  tlic  oxygen  appears  to  pass  into  the  blood  in  the  same  way  that 
it  would  if  the  blood  were  freely  exposed  to  the  alveolar  air 
without  any  intervening  {mrtitiou.  Nevertheless  there  are  facttt 
vhich  seem  to  throw  doubt  on  the  validity  of  this  cuucluwou. 
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The  piirtiiil  preftsure  of  the  oxygen  in  the  gas  in  the  tswiin^hhid- 
der  of  fislies  for  instance  far  exceeds  that  of  the  fishes'  blood  ; 
and  if  tlie  gas  be  drawn  off,  it  is  booh  replaced  by  ga«t  having 
the  like  high  partial  presaiire  of  oxygen.  Hence  we  are  led  Ui 
conclude  that  oxygen  makefi  its  ap|H'iii'!tiicu  in  the  swim-bladder 
by  a  kind  of  stjcretion.  And  othtir  fuels  might  l>u  brought  for- 
ward, strong  enough  at  least  to  support  the  doubt,  whether  the 
purely  physical  explanation  given  above  of  the  entrance  of  oxy- 
gen into  tlie  blood,  adequate  m  it  at  tii'Rt  sight  seems,  is  really 
the  true  one, 

§  288.  Ths  Exit  of  Carbonic  Acid.  In  a  similar  manner 
analogous  experiments  appeni'  to  sujtport  the  view  that  the 
escape  of  curboniu  acid  from  the  bloud  into  the  pulmonary  alvo- 
oluK  is  the  result  of  ordinary  dififusioii ;  observattous  soem  to 
shew  that  the  difference  obtained  between  the  pressure  of  the 
carbonic  acid  in  the  venous  blood  and  the  partial  pressure  of 
carbonic  acid  in  the  air  of  the  pulmonary  alveolus  (which  is  of 
course  greater  thaa  that  of  ma  expired  ah-)  is  suflicient  to 
account  for  the  loss  of  carbonic  acid,  whereby  arterial  blood  is 
ditttinguishetl  from  venoua  blood.  But  in  respect  to  this  as  in 
respect  to  the  enlrunci;  of  oxygen,  doubts  have  been  raised,  uud 
it  has  been  urged  that  the  escape  of  carbonic  a^id  into  the  piil> 
mnnary  alveoli  is  carried  tmt  by  some  action  of  the  walls  of  the 
alveoli  comparable  to  the  act  of  secretion. 


§  369.  In  pawiiiig  througli  tlie  Hevcrul  tissueit  tfau  arterial 
tkiml  Iwcoines  imcv  more  venous.  The  oxyliutmoglobiu  bwconiL-s 
(■oimideralily  reduced,  and  a  quantity  of  cArbonic  acid  puKsvs 
from  the  tissues  into  the  blood.  The  amount  of  change  varicx 
in  tlie  various  tissues,  and  in  the  same  tissue  may  vary  at  differ- 
ent times.  Thus  in  »  gliind  at  rest,  as  wb  have  seen,  the  vennuK 
blood  in  dark,  shewing  t)iHt  the  bu-muglobin  is  to  a  large  extent 
in  thu  reduced  condition ;  wlieii  the  gland  in  active,  the  venous 
blood  in  it»  cok>ur,  arul  in  the  extent  to  wliieh  the  haemoglobin 
iit  ill  the  condition  of  oxyhH-mnglohin,  resembles  closely  arterial 
blood.  The  hloml  therefore  \vhich  is«ne«  fri)m  a  ghtnd  at  n-st 
Umore  'venous'  than  that  from  an  active  gland ;  tnougli  owing 
U)  the  more  rapid  flow  of  blood  which,  as  we  saw  in  an  earlier 
section,  accompanies  the  activity  of  th«  gland,  the  total  quan- 
tity of  oxygcti  taken  up  from  and  of  carbonic  acid  discharged 
into  the  blood  from  the  ghind  in  a  given  time  may  bo  greater 
in  the  latter.  The  blood,  on  the  other  hand,  which  comes  from 
lU)  iR'live.  i.f.  a  contracting  miiHcle,  is.  in  .-tpito  of  the  more 
rapid  tlow,  not  only  richer  in  carbonic  acid,  hut  also,  though  not 
to  a  corresponding  amount.  ])oorer  in  oxygen  than  the  blood 
which  flows  from  a  muscle  at  rest. 

In  all  these  cases  th«  question  which  first  comes  up  for  our 
cnnsidenition  is  this :  Does  the  oxygen  piuw  irom  the  blood  into 
the  tissues,  and  does  the  oxidation  lake  place  in  the  tissues,  giv- 
ing rise  to  carbonic  acid,  which  {ia.4.4e.-<  in  turn  nwitv  from  the 
tissues  into  the  hhnMr;'  or  do  oertiiin  oxidizable  reducing  aub- 
8t»iie«s  iiai«t  from  the  tissues  into  the  blood,  and  there  become 
DxidiEeil  into  carbonic  acid  and  other  products,  so  tJiat  the  chief 
oxidation  takes  plac«  in  the  blood  itself? 

There  are,  it  is  true,  reducing  oxidizable  substances  in  the 
blood,  but  these  are  small  in  amount,  and  tbe  quantity  of  car- 
bonic acid  to  which  they  give  rise  when  the  blood  containing 
UiHin  is  agitjitMl  with  air  or  oxygen,  is  no  unall  as  scarcely  to 
exceed  the  errors  of  observation. 

We  may  wld.  that  the  oxidative  power  whioh  the  blood 
itwtif  removed  from  the  Imdy  in  able  to  exert  on  aubstaacvs 
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wbicli  uru  uixloubtedty  uxitli^ml  in  lliu  btiily  in  so  Hintill  that  it 
may  be  neglected  in  the  present  eonitidemtunis.  If  gmpe^siigar 
Iw  milled  to  blond,  or  to  a  solution  of  hsenioglobln.  the  mixture, 
may  be  kept  for  a  long  time  at  the  teniiie  rat  lire  of  the  body, 
without  undergoing  oxidation.  Evt-n  within  the  body  an  even 
slight  excess  of  sumtr  in  the  blood  ovt-r  a  (.'crtain  percentage 
wholly  escu^ies  oxiuatiuii,  and  is  disubarged  uiidiangud. 

On  the  other  liiiiid.  it  will  be  renienil>ered  that  in  speaking' 
of  muscle,  we  di-ew  attention  (§  68)  to  tlie  fad  that  a  fro^i 
muscle  removed  from  the  body  (and  the  flame  h«  true  of  tli© 
lonscleti  of  other  animaU)  contains  no  free  oxygen  whatever; 
none  can  lie  obtained  from  it  by  the  mercurial  uir-pumn.  Yet 
«uch  a  muscle  will  not  only  when  at  rest  go  on  producing  and 
discharging  a  certain  qiinnlity.  but  also  when  it  contracts  evolve 
a  very  considerable  quiintity,  of  carbonic  iicid.  Moreover  this 
discbarge  of  carbonic  acid  will  go  on  for  a  certain  lime  in 
mnscles  uniier  circumstances  in  whirh  it  13  impossiVile  for  lb«ra 
to  obtain  oxygen  from  without.  Oxygen,  it  Ls  true,  is  neces- 
sary for  the  life  of  the  muscle  :  when  venous  instead  of  arterial 
blood  is  sent  through  the  blood  vessels  of  a  muscle,  the  irrita- 
bility speedily  diBa]]])oars.  and  unless  fresh  oxygon  be  aduiin- 
iatered  the  muscle  soon  dies.  The  muscle  may  however,  during 
ihu  interval  in  which  irritability  is  ittill  retained  after  the  sup- 
ply of  oxygen  btw  been  cut  off,  continue  to  contnu-t  vigorously. 
The  sujiply  of  oxygen,  though  necessary  for  the  miihiti-nanrr  of 
irritability,  is  not  necessary  tor  the  manifnetation  of  that  irrita- 
bility, is  not  neoessary  for  that  explosive  decomposition  which 
develops  a  contraction.  A  frog's  muscle  will  continue  to  con- 
tract and  to  produce  carbonic  acitl  in  an  atmosphere  of  hydrogen 
or  nitrogen,  that  is.  in  the  total  absence  of  free  oxygen  both  from 
itself  and  from  the  medium  in  wbicb  it,  19  placed. 

Thus  on  the  one  band  the  muscle  seems  to  have  the  prop- 
erty of  taking  up  and  tixing  in  some  way  or  other  the  oxygen 
U(  which  it  is  exposed,  of  storing  it  np  in  its  own  substance  in 
snch  a  condition  tliat  it  cannot  be  removed  by  simple  diminished 
pressure  (so  that  the  pressure  of  oxygen  iu  the  muscular  sub- 
stance may  be  considered  as  always  nil),  and  yet  has  not  entered 
into  any  distinct  conibiniition  which  we  can  N]ic!»k  of  lut  an  oxi- 
datiiin,  but  is  ntill  iivaitable  fur  snob  a  purpose.  On  the  other 
hand  the  mntcidar  substance  is  always  undergoing  a  decfim])o«i- 
lion  of  sncii  a  kind  that  carbonic  acid  is  set  free,  sometimes,  as 
when  the  muscle  is  at  rest,  in  small,  sometimes,  as  during  a  con- 
traction, in  large  quantities.  The  oxygen  present  in  this  car- 
bonic aeid,  ns  an  oxidation  product,  comes  from  the  previously 
existing  stiirc  of  winch  we  have  jnst  spoken.  The  oxygen  taken 
in  by  the  mnsde,  whatever  be  ilw  exact  condition  immediately 
npon  it«  entrance  into  the  muscular  substance,  sooner  or  laterj 
">*"'8  into   a  combination,  or  perhaps  we  should  rather  say. 
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enbent  iitt<)  a  series  of  oomhmatioiui.  We  have  nreviounly 
urged  (§  30)  that  all  living  subataiicc  may  be  regarded  as  ini^w- 
oaiitly  uiuler<:;oin[;  chitiigcK  of  ii  double  kind,  changes  of  build- 
ing up  and  L-hangus  uf  breaking  down.  In  thu  i.-Qd-]n-oducts  of 
the  brcjikiiig  down,  in  lti«  enrliome  acid  f^iven  out  bj  muscle 
for  instance,  w«  can  reengiiize  an  oxidation  [iroduet ;  but  wu  do 
not  know  exactly  at  what  stage  or  exactly  in  what  way  tlie 
oxygen  is  combined  with  the  carbon.  We  may  imagine  that 
the  oxygen,  as  it  comes  from  the  bloral,  is  caught  iiji  so  to  sjteak 
by,  and  disappears  in,  the  building  up  proccsxes,  and  that 
through  those  pruL-vssvs  it  is  made  part  uf  complex  decompos- 
able sulMtanocs  whose  decomposition  nUimulcly  gives  rise  to 
the  carbonic  acid;  but,  bo  far  as  actual  knowledge  goes,  we 
cannot  as  yet  trace  out  the  stepn  taken  by  the  oxygen  from  lh« 
moment  it  slips  from  the  blood  into  the  muscular  sul)stance  to 
the  moment  when  it  issues  united  with  carbon  aa  carbonic 
acid. 

Uut  if  the  oxygen -pressure  of  the  muscular  tissue  be  thus 
always  nil,  oxygen  will  be  always  passing  over  from  the  blood- 
eorjiuseleK,  in  which  it  is  at  a  com ]i<i rati vely  higli  pn^ssura, 
through  the  plasma,  through  the  capillair  walls,  the  lymph* 
itpaces  and  the  sarcolemma.  into  the  muscular  substance,  uml  as 
soon  as  it  arrives  there  wUI  be  in  some  manner  or  otiier  hitlden 
away,  leaving  the  oxygon -pressure  of  tho  muscular  substance 
once  more  nil.  Conversely,  the  carbonic  acid  produced  by  the 
decomposition  of  the  mu);eular  substance  will  tend  to  raise  the 
carbonic  acid  pressure  of  the  muxcte  until  it  exceeds  that  of 
tJie  blood ;  whereupon  carbonic  ai;id  will  pass  from  the  muscle 
into  the  blood,  ita  place  in  the  itimtcular  Kultstance  l>eing  MUp- 

[liietl  by  freshly  generated  supplies.  There  will  always  in  fa<;t 
m  a  stream  of  oxygen  from  the  blood  to  the  muscle  and  of  car- 
bonic acid  from  the  muscle  to  the  blood.  The  respiration  of 
the  muscle  then  ilovs  not  consist  in  throwing  into  the  blood 
oxidiuiblv  Eubslances,  there  to  bo  oxi<lized  into  carbonic  acid 
knd  other  mattcni;  but  it  does  conKJst  in  the  assumption  and 
storing  up  of  oxygen  somehow  or  other  in  its  suhslnnie,  in  the 
huildnig  up  by  help  of  that  oxygen  of  explosive  decomjioNable 
aubstanoes.  and  in  the  carrying  out  of  dccomjiositions  whereby 
carlwmc  acid  and  other  matters  are  discharged  lirst  into  the 
subetanc«  of  the  muscle  and  subsoquently  into  the  blood. 

§  290.  Our  knowlcdgo  of  the  respiratory  cliangm  in  muscle 
iii  more  complete  than  iu  the  case  of  any  other  tissue ;  but  we 
have  no  reason  X<>  suppose  tliat  the  phenomena  of  muscle  are 
exceittional.  On  the  contrary,  all  the  available  evidence  goes 
to  shew  that  in  all  tissues  the  oxidation  takes  place  in  the 
tuume,  and  not  in  tho  a<ljoining  blood.  It  is  a  remarkable  fact, 
that  Ijnnph.  serous  fluids,  bile,  urine,  and  mUk  contain  a  more 
trace  of  free  or  loosely  combineil  oxygen,  but  a  very  consider> 
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able  quantity  of  carbonic  aciil.  And  we  may  probably  assert 
with  safety  with  regard  to  all  the  tisHues  ttiat  in  the  tiRttiieti 
them&tilvi's,  in  the  lyn]|jli  which  bathes  their  1^*01  ph-xpaces  and 
in  the  sucn-tions  which  sume  of  tht-m  pour  forth  free  oxygen  ia 
either  wholly  ub»eiit  or  so  scanty  that  tlicir  uxyHeii-prcBsure 
may  be  roj^arded  us  nil,  while  ourbonie  acid  in  no  abundiLnt  that 
the  pressure  of  i-ai-bouic  acid  in  them  may  be  regarded  as  exct-ed- 
ing  that  of  venous  blood.  An  exception  seems  to  be  pi-csvnied 
by  the  ca^te  of  the  lymph  flowing  along  the  larger  Ij'mphatic 
vessels,  for  in  this  the  amount  of  carbonic  acid,  while  usually 
higher  than  that  of  art4.'rial  blood,  is  lower  than  thiit  of  the  gen- 
eral venous  blood ;  but  tins  probably  is  due  to  the  fact  that  the 
lymph  in  its  pa8»uge  t>nwar<l»  is  largely  vxpuscd  to  arterial 
blood  in  the  vouneetive  tissues  and  in  the  lyinphatio  glands, 
where  the  production  of  carbonic  acid  is  slight  as  (■oiuiuire<l  to 
tliat  going  on  in  muscles.  All  the  facts  point  to  the  conclu- 
sion, that  it  is  the  tissues,  and  not  the  blood,  which  become  pri- 
marily loaded  with  carbonic  acid,  the  latter  simply  receiving 
the  gttfi  from  tlic  former  by  dilTusiou,  except  the  (probably) 
unall  quantity  which  remdts  from  the  metabolism  of  the  blood- 
corpuscles;  and  that  the  oxygen  which  passes  from  the  blood 
into  the  tissues  is  at  once  taken  up  and  jilaced  under  such  cou- 
ditions  that  it  is  no  longer  removable  by  diminishetl  pressure. 

It  wait  shemi  long  ago  that  animals  might  continue  to 
breathe  out  carbonic  acid  in  an  atmosphere  of  nitrogen  or  hydrcv- 
geni  and  this  is  further  illustrated  by  the  exjicriuicnt,  tlmta 
irog  kept  at  a  low  temperature  will  live  for  several  hours,  and 
continue  to  produce  carbonic  acid,  in  an  atmosphere  alMulutely 
free  frtmi  oxygen.  The  carbonic  acid  produced  during  this 
pcriixl  was  niacle  by  help  of  the  oxygen  insi>ired  in  the  liount 
anterior  to  the  commencement  of  the  exiwriment.  The  oxygen 
then  absorbed  was  stowed  away  from  tlie  hicmoglobin  into  the 
tissues,  it  was  iiiatle  use  of  to  build  up  the  explosive  coin)>ound^ 
whose  explosions  later  on  giivu  rise  to  the  curbouic  acid.  Or, 
to  adopt  a  simile  which  has  been  suggested,  the  oxygen  helps 
to  wind  up  the  vital  clock  ;  but  once  wound  up  the  clock  will 
go  on  for  a  period  without  further  winding,  'i'he  frog  will 
continue  to  live,  to  move,  to  produce  carbonic  acid  for  a  while 
without  any  fresh  oxygen,  as  we  know  of  old  it  will  without 
any  fresh  food  ;  it  will  continue  to  do  so  till  the  explosive  com- 
pounds which  the  oxygen  built  up  ai'e  exhausted  ;  it  will  go  on 
till  the  vital  cluck  has  run  down. 

§  291.  To  sum  up,  then,  the  results  of  respiration  iu  it» 
chemical  aspects.  As  the  blooil  passes  through  the  lungs,  the 
low  oxygen- pressure  of  the  venous  blood  permit.^  the  entrance 
of  oxygen  from  the  air  of  the  pulmonary  alveolus,  through  the 
thin  alveolar  wall,  through  the  thlit  ciipillary  sheath,  through 
the  tliiu  layer  of  blood -plusiniL,  to  thu  red  corpuscle,  and  the 
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reduced  htomoglobiD  of  tlic  venous  blood  becomvs  wholly,  or  all 
but  wholly,  oxyliaeraogloTnu.  Hurried  (o  the  tis^ucx,  thi-  oxy- 
gen, at  eomparatively  nigh  pressure  in  the  arterial  blond,  [)iis)H]« 
largi>ly  into  them.  In  the  tissuefi,  the  oxygen-pre^^siirc  in 
always  kept  at  an  exceedinffly  low  pitch,  by  the  fact  that  they, 
in  some  way  at  present  uiiknown  to  ua.  [lack  away  at  every 
momviit  into  some  stable  eombinutiou  each  molecule  of  oxygen 
which  they  receive  from  the  blood.  With  its  oxyhiemoglobin 
larjjely  but  not  wholly  reduced,  (he  bluod  pusses  on  us  venous 
blood.  To  what  extent  the  hasiiioglobin  is  reduced  will  depend 
on  the  activity  of  the  ti^ume  itttelf.  The  (quantity  of  hiemoglobin 
in  the  blood  ia  tlie  measure  of  limit  of  the  oxidizing  power  of 
the  body  at  large ;  but  within  that  limit  the  amount  of  oxidation 
is  determined  by  tlio  tissue,  and  by  the  tissue  alone. 

We  eatinut  trace  the  oxygen  througli  its  sojourn  in  the 
tissue.  We  only  know  that  sooner  or  later  it  conies  back  com- 
bined in  carbonic  acid  (and  other  matters  not  now  under  con- 
sideration). Owing  to  the  continual  production  of  carbonic 
aeid,  tlie  pressure  of  that  gaa  in  the  extravaitctilar  elements  of 
the  tissue  is  always  higher  than  that  in  the  blood:  the  gas 
accordingly  passes  from  the  tissue  into  the  blood,  and  the  venous 
bluod  passes  on  not  only  with  its  ha-moglohin  more  or  less 
reduced,  i,e.  with  its  oxygen  •pressure  decreased,  but  also  with 
iu  carbonic  acid  pres-ture  increased.  Arrived  at  the  lungs,  the 
blood  finds  the  pulmomary  air  at  a  lower  carbonic  acid  pressure 
than  itself.  The  gaa  accordingly  streams  through  the  thin 
vasDular  and  alveolar  walla  until  the  pressure  without  the  blood 
tsbmI  ia  equal  to  the  pressure  witliui.  At  the  same  time  the 
blood  finds  in  the  air  of  the  pulmunury  alveoH  a  supply  of  oxy- 
gen, more  than  »de()Uate  to  convert,  not  entirely  but  nearly  so, 
tJie  reduced  bietnoglobin  back  again  to  oxyhiemoglnbin.  Thus 
tlie  air  of  the  pulmonary  alveoli,  having  given  up  oxygen  to  the 
blood  and  taken  up  carbonio  acid  from  the  blood,  having  in 
consequence  a  higher  carbonic  acid  pressure  and  a  lower  oxygen- 
pressure  than  the  tidal  air  in  the  bronchial  piissagcs,  mixes 
rapidly  M'ith  this  by  diffusion.  The  mixture  is  further  usxisted 
by  usccndiiig  and  desi'^ndiiig  currents;  and  the  tidal  air  issues 
from  the  chest  at  the  breathing  out  poorer  in  oxvgen  and  richer 
in  carbonic  acid  than  the  tidal  air  which  entered  at  the  breath- 
ing in. 
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S  292.  BruHthing  is  an  involuntary  act.  Though  the  di«* 
phnigiTi  iiml  nil  the  other  mii8cle«  employed  in  respiration  are 
voluntary  muHcles,  iV.  muocleH  which  can  be  called  into  action 
hy  a  direct  effort  of  the  will,  and  though  respiration  may  bo 
modified  within  vnry  wide  limits  by  the  will,  yet  wc  habitually 
brt-iitho  without  the  iiitervi'ntion  of  the  will ;  the  normiil  broath- 
mg  may  continue,  nut  only  in  tlio  absence  of  coiwcion^noss,  but 
even  after  the  removal  of  all  the  [Wirts  of  the  brain  above  Uie 
spinal  bulb  (medulla  oblongata). 

We  have  already  seen  now  complicated  is  even  a  simpla 
respiratory  act.  A  very  large  number  nf  muscles  are  called 
into  play.  Many  of  these  are  very  far  apart  from  each  other, 
such  iLS  the  diaphragm  and  the  iiusal  umscles ;  yet  they  act  in 
harmonious  »cquenev  in  point  of  time.  If  the  lower  intereustnl 
mu»cle!t  eonlntcted  Ijefore  the  scaleni,  or  if  the  iliapliniirm  con- 
tracted alternately  with  the  otiier  chest-nniscles,  the  satisfactory- 
entrance  and  exit  of  air  wniild  Ite  impoflsible.  These  muscles 
moreover  are  coordinated  also  in  respect  of  the  amount  of  their 
several  contractions ;  a  gentle  and  ordinary  contraction  of  the 
diaphragm  is  accomjiuniod  by  gentle  and  ordinary  contractions 
of  the  int«rcostuls,  and  those  are  precedetl  by  gentle  and  ordi- 
nary contractions  of  the  sealoni.  A  forcible  eontnit^lion  of  tlio 
Hcaleni,  followed  by  simply  a.  gentle  cuntnietiun  of  the  inter- 
cnstals,  would  perhaps  hinder  rather  than  assist  inspiration,  and 
kt  nil  events  would  l)e  waste  of  power.  Kuither,  the  whole 
complex  inspiratory  effort  is  often  followed  by  a  less  marked 
but  still  complex  expiratory  action.  It  is  impossible  that  all 
these  so  caremlly  coordinated  muscular  contractions  should  be 
brouglit  about  in  any  other  way  than  by  coordinate  ner\'Oti» 
impulses  descending  along  efTerent  nerves  from  a  coordinaluig 
iiervou.-<  centre.     Ity  experiment  we  find  this  to  be  the  case. 

When  in  a  rabbit  the  trunk  of  a  phrenic  nerve  is  out,  the 
diaphragm  on  that  side  remains  motionless,  and  respiration  goes 
on  without  it.  When  both  nerves  are  cut,  the  whole  diaphragm 
remains  quiescent,  thougli  tho  costal  respiration  becomea  excea- 
sively  laboured. 
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When  an  interoostal  ner\'e  is  cut.  no  active  reapiratorj 
tnoTementa  are  aeen  in  the  int«rcostal  musclen  of  the  corre- 
fi[)oit(lin){  spucc.  and  w)il*u  tliv  spinal  vord  is  <li\'idud  below  llie 
origin  of  tim  isi-vuiitli  ourvical  spinal  ui^rvu.  that  is  bctow  the 
cxita  of  the  roots  of  tlie  phrenic  nerves,  costnl  respiration 
ceases,  thougli  the  dianhrasm  continues  to  act,  and  Ihjit  with 
increased  vigour.  When  tiie  cord  i»  divided  just  behiw  the 
ftpinal  bulb,  all  thoracic  movementa  cease,  but  tlte  re»jiirali>rv 
actions  of  the  noatrila  and  glottis  atill  continue.  These  how- 
ever disappear  when  the  facial  and  rctsurrent  laryngeal  nerves 
arc  divided.  We  have  already  stilted  that  after  removal  of 
the  brain  above  the  spinal  bulb,  lespiration  stil!  continues  very 
much  aa  ii.'^ual,  the  moditications  which  ensue  from  the  loss  of 
the  brain  being  unessential.  Hence,  putting  all  these  fact* 
together,  it  is  clear  that  the  respiratory  movements  are,  as  we 
suggested,  brought  about  by  coordinated  impulaes  which,  de- 
valopcd  in  tlic  ccntnil  ncrvoui,  system  and  starting  in  the  first 
iiistancu  in  tlii;  siMual  bulb,  hnd  their  way  along  the  several 
efferent  nerves.  The  proof  is  completed  by  the  fact  tliat  the 
removal  of  or  extensive  injury  to  the  npinal  bulb  alone  is,  save 
in  exceptional  cases  which  we  will  discuss  presently,  at  once 
followed  by  the  cessation  of  all  respiratory  raoveinentA,  even 
though  the  rest  of  the  nervous  syst^'m  including  every  muscle 
and  every  nerve  concerned  l>c  left  intact.  Nay  more,  if  only 
a  small  portion  of  the  sj>inal  bulb,  a  tract  whose  limits  have 
not  l>cen  clearly  defined,  but  wliit-h  may  Ik;  described  as  lying 
below  the  vaso-niotor  centre  in  the  immediate  neighbourhouu 
of  the  nuclei  of  the  vagus  nerves,  be  removed  or  injured,  respi- 
ration eeases,  and  deatn  at  once  ensues.  Hence  (his  portion  of 
the  nervous  system  was  called  by  Flourens  the  vital  knot,  or 
ganglion  of  life,  'ntj^ud  vital.'  We  shall  speak  of  it  as  the 
retpiratortf  erntre. 

§  293.  The  nature  of  this  centre  must  be  exceedingly  com- 
plex ;  for  while  even  in  ordinary  rcspinition  it  gives  rise  to  a 
whnte  group  of  cooniinate  nervous  impulses  of  inspiration 
followed   in   due   sequence  by  a  smaller  hut   still   coordinate 

f^TOUp  nf  expiratory  impulses  of  an  antagonistic  nature,  in 
aboiired  rcwjiiration  fresh  and  larger  impulses  are  generated, 
thnugb  still  in  coordination  with  the  normal  ones,  the  expira- 
tory events  being  esjieciallv  augmented  ;  and  in  the  cjwcs  of 
mure  extreme  dyspnua  and  ttsphyxia  impulses  overflow,  so  to 
speak,  from  it  in  all  directions,  though  only  gradually  losing 
their  coordination,  until  almost  every  muscle  in  the  body  is 
thrown  into  contractions. 

We  must  not  however  conceive  of  this  centre  as  one  of  such 
a  kind  that  the  impulses  leave  it  fully  coordinated  and  et)uip|>ed 
so  that  nothing  remains  for  tbcm  but  to  travel,  unchanged, 
along  tlie  several  elfcreut  ucrve-fibres  to  their  several  muscular 
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(Ie»tinatioiiR.  On  the  contrary  we  have  reason  U>  tliiok  that 
the  reBjiiratory  motor  nervea,  like  other  motor  nerves,  are  con- 
nected, just  as  tliey  are  about  to  i»8Ue  from  the  Mjiinol  ooril. 
nith  a  nt-rvous  mafhintry,  in  which  nerve  cells  play  a  jjari  — 
a  point  which  we  shall  oonsidcr  more  fully  in  treating  of  the 
spinal  cord  ;  we  huve  reason  to  think  that  the  reaplratorr  im- 
pulses sUutinf;  from  the  respiratory  centre  pass  into  and  are 
modified  hy  secondary  spinal  nervous  mechanisms  before  th«y 
issue  along  the  motor  nerve'roots.  Indeed  observations  shew 
that  under  particular  conditiona,  and  especially  in  young  ani- 
tnaUi.  reBpiratory  raoveraents  may  he  carried  ont  in  tlie  entire 
absence  of  the  spinal  hulb.  Thus  if  in  a  kitten  or  puppy, 
or  young  rabbit,  after  division  of  tlic  spinal  cord  hetow  tlie 
bulb,  artilioial  respiration  be  kept  up.  and  then  pauses  be 
made  in  the  artilicial  respiration,  during  these  pauses  not  only 
may  what  appear  to  be  respiratory  movements  be  induced,  in 
a  reflex  manner,  by  pinching  or  by  blowing  nil  the  skin,  liuU 
especially  if  tlie  exoitabUity  of  the  spinal  oord  be  heightened 
by  small  doses  of  strychnia,  even  sjjontaneous  efforts  of  breath- 
ing may  occasionally  be  obscrvud.  These  are  the  exceptional 
instances  mentioned  ubove.  We  shall  probably  not  greatly  err 
in  regarding  the  respiratory  nervous  system  as  in  many  ways 
analogous  to  the  vaso-motoi-  nervous  system,  with  its  head 
centre  in  the  spinal  bulb,  and  seconrlary  centi-es  elsewhere,  and 
in  continuing  to  speak  of  the  centre  in  the  spinal  bulb  as  being 
"  the  respiratory  centre  "  while  admitting  that  it  works  tlirougK 
other  nervous  machinery  placed  lower  down  in  the  spinal  cord, 
and  that  this  subordinate  maclunery  may.  in  exceptional  cases, 
carry  out,  though  iiiadetjuately,  the  work  of  the  eliief  centre. 

§  294.  Admitting  then  the  existence  of  this  bulbar  respira- 
tory oeiitre  the  question  naturally  arises.  Are  we  lo  regard  ita 
rhythmic  action  as  due  essentially  to  changas  taking  place  ia 
itself,  or  as  due  to  afferent  nervous  impulses  or  other  stimali 
which  affect  it  in  a  rhythmic  manner  from  without?  In  other 
words,  Is  the  action  of  the  centre  automatic  or  purely  reflex  ? 
We  know  that  the  centre  raity  be  intluenecd  by  imjjulscs  pro- 
ceeding from  without,  and  tlmt  the  breathing  may  be  aCFeeled 
by  Uie  action  of  the  will,  or  by  an  emotion,  or  by  a  dash  of  cold 
water  on  the  skin,  or  in  a  hundred  other  ways ;  but  the  fact 
that  the  action  of  the  centre  may  be  thus  mo(^ilied  from  with- 
out, is  no  proof  tliat  the  continuance  of  its  activity  is  dependent 
on  extrinsic  causes. 

In  attempting  to  decide  this  question  we  naturally  turn  to 
the  pneumogastric  as  being  the  nerve  must  likely  to  servo  as 
the  channel  of  afferent  impulses  setting  in  action  the  i-espiratory 
oeiilre.  If  both  vagus  nerves  he  divliled,  respiration  still  con- 
tinues, though  in  a  modified  form.  This  proves  distinctly  that 
afferent  impulses  ascending  those  nerves  are  not  the  eOicient 
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oiiuc  of  the  respiratory  movements.  We  have  seen  that  when 
the  spinal  cord  i.-*  liivitieil  below  the  Hjiiiml  bulb,  the  fucial  und 
lairyngeAl  movements  still  cnntiiiiie.  Thiei  provt^is  tlixt  the  n-spir- 
atnry  centre  is  still  in  action,  though  it^  activity  ttt  unable  to 
manifest  itself  in  any  thoracic  movement,  lint  when  the  cord 
ia  tlius  divided,  the  rcsijimtory  centre  is  cut  off  from  all  nensory 
impulses,  save  those  which  may  pttsx  into  it  £roni  the  cranial 
ner>-es  of  sensory  function ;  and  that  these  sensory  cnknial 
nerves  »re  not  specially  concerned  in  developing  the  activity  of 
the  respiratory  centre  is  shewn  by  the  fact  that  the  <livi»ion  of 
these  cranial  nerve.s  by  theniselven.  when  the  liiilb  anil  spinal 
cord  are  left  intact,  does  not  do  away  with  the  continnance  of 
respiration.  One  cranial  nerve,  as  we  sliall  see,  is  esnecially 
concemi'd  in  respiration,  viz.  the  vagus  ner%-e:  but  if  after 
removal  of  the  brain  above  the  liulb  Ixtth  vagus  nerves  be 
divideil,  respiration  still  goes  on;  indeed  the  respiratory  im- 
puUe.t  proceeding  from  tlie  centn?  are,  though  in  a  jioculiar 
way,  exaggerateti.  Hence  though  we  cannot  put  the  matter 
to  an  experimental  t«8t  by  dividing  every  sensory  nerve  iji  the 
body,  while  leaving  the  motor  nerves  of  respiration  intact,  such 
an  operation  being  practically  impossible,  we  may  infer  that 
the  respiratory  impnlsex  proceeding  from  the  respiratory  centra 
are  not  simply  afferent  impulses  reaching  the  centre  along  affer- 
ent  nerves  and  transformed  bv  reflex  action  in  that  centre. 
They  evidently  start  de  novo  from  the  centre  itself,  however 
much  their  cnaraoters  may  be  affected  by  afferent  impulses, 
reaching  that  centre  at  the  time  of  their  being  generated.  The 
action  of  the  centre  is  automatic,  not  siniply  reflex. 

§  395.  We  timl,  on  inquiry,  that  the  activity  of  the  centre 
is  profoundly  influenced  by  two  ohuuies  of  events.  These,  us 
we  might  expect,  are  on  the  one  band  even)«  producing  changes 
in  the  quality  of  the  blood  distrihuteil  to  the  spinal  bulb  through 
the  arteries,  especially  lut  regards  iu  gases,  tliat  is  to  say,  events 
modifying  the  interchange  taking  place  in  the  lungs;  and  on 
the  other  hand  nervous  impulses,  started  in  various  ways  and 
reflching  the  centre  along  various  iktvcs  or  nervous  tracts.  It 
will  be  convenieut  to  consider  the  latter  first. 

AJTvrcnt  nervous  impubteB  may  affect  the  centre  in  many 
various  wnvs.  'I'he  whole  act  of  breathing  or  of  taking  a 
breath  is  a  double  act  conMStiQg  of  an  iiiitpiration  and  an  expira- 
tion, and  nervous  impulseii  may  especially  affect  the  one  or  the 
ntlier.  One  mode  of  breathine  may  differ  from  another  in  the 
depth  of  the  individual  breath,  in  the  volume  of  air  taken  in 
and  given  out;  and  nervous  impulses  may  increase  or  ma^' 
diminish  the  depth  of  n  breath,  the  volume  of  air  respired. 
One  mode  of  breathing  again  differs  from  another  in  the  rapidity 
with  which  one  bn*jith  succeeds  another,  that  is,  in  the  rate  of 
rhythm ;  an<l  nervou.s  impulses  may  slow  or  may  quicken  the 
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rate  of  rhythm.  Then,  ELirnin,  pombiniitions  of  oGTuctH  8o  numer- 
OU8  and  vai'iud  as  iiliiiuisl  tu  biilHu  (K'si-riptioii  uuiy  result  from 
the  influence  of  varioiist  netvoti^  itnpiilNeN.  Knintiiuis  idhj-  ufTeot 
n  single  hreath  or  a  h)ng  series  of  hreath^.  may  i(uickttn  the 
rhythm  while  making  each  breath  more  shallow  or  may  at  the 
BaniQ  time  make  each  breath  deeper,  or  may  slow  the  rhytlun  in 
either  the  ono  or  tho  other  manner,  anil  mtiy  bear  vlueily  on 
inspiration  or  on  expiration.  Moreover  lliure  is  not  an  afferent 
niirve  in  the  body  wliiuh.  by  means  of  afferent  iiiijiulses  piissin^ 
along  it,  may  not  he  the  instniment  of  influencing  the  respira-, 
tory  centre.  Of  all  the  automatic  centres  in  the  body  tliei 
respiratory  centre  is  the  niic  wliose  independence  is  iiiost 
obscured  by  the  rejieated  effeets  of  afferent  nervous  impulses, 

Cortain  afferent  nerves  however  appear  to  he  more  elosely 
connected  with  it  than  others;  and  of  these  the  most  oouspiou- 
oiw  and  important  are  tiie  two  vagus  neives,  which  we  have 
already  mentioned  in  thiK  cmmeclion.  Their  importance  is 
well  iliustrated  by  the  following  experimental.  If  one  vagUR  l>e 
divided  in  an  ordinary  way,  without  any  special  precautions, 
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Th«  n(fa»  WM  dlTS<li^  at  Din  tinltil  iiiarkpil  z.  Tlie  onm  wtu  nhuttned  by 
nifanii  rit  a  l&uiboar  cnunecl^d  w[lti  a  ivi?«iv(T  into  wliioh  <Jio  aiiimul  (nibbtl) 
brciiihi'd  tM  shewn  in  Fib.  t*G,  ilip  icTsr  faltinc  in  Inapimiion  m  air  in  sutkcil  nut 

At  11  and  rnila  m  h.     Ripinition  h<>ginA  nt.  1/  anil  rnriii  at  r.     'I'hi*  ipvrr  sriidiiAlly 

(alia  hctivp'-ii .-  and  a  owiiij;  to  ihii  ^«e:ipi.'  of  ulr  frv>iii  tlie  ajijviraliis, 


the  resjiiratiori  is  either  not  materially  cliiinKed.  or  if  nfTectvd 
becomes  slower  (Fig.  Ul).  If  both  be  divided  (Fig.  92)  it 
becomen  very  slow,  tiie  pauses  between  expiniUoii  and  iii-Hpira- 
tion  being  markedly  prolonged.  The  character  of  the  respii-a- 
tory  movement  too  is  markedly  changed ;  each  respiration  ia 
fuller  and  deeper,  bo  much  no  indeed  that,  according  to  some 
observern,  what  i»  lost  in  rate  is  gained  in  extont.  the  amount 


Fin.  03.     ErmCT  os  RK*riKAtiov  oir  ■kctiok  or  doth  Vxqv*  sehvm*. 

Tlie  ruTVL-  wu  utiUiiwd  in  Uie  nme  wa;  u  Tig.  91.    The  aeouiid  rvgus  utrrvo 
MM  divided  at  z. 

When  after  divimon  of  both  vagus  nerves  in  the  neftk,  tin* 
medulla  }>ein^  intact,  the  central  titiiiDp.  tJiat  connected  with 
the  central  norvoua  syattiin,  of  one  of  thL-m  is  stiniuluted  witll  a 
(jentle  iiili-rruptcd  t-urrciit,  the  clTt-cls  are  not  ttlwiiys  tht-  eame ; 
fine  of  two  rt-jiult^  ninj'  follow  and  thut  wliichuvvr  of  the  two 
iwn'es  be  luted.  In  a  certain  niiniher  of  ca«e8,  nnd  th<>se  may 
pcriinjw  be  regarded  iw  tlie  more  typical  ones,  the  respiration, 
whioli  from  tlie  division  of  the  nerves  had  become  »low,  in 
qniokened  again  ( Fig.  93) ;  and  with  care,  by  a  proiHjr  appli- 
cation of  the  BtironliiB,  the  normal  respiratory  rhythm  may  for 
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a  tiini!  bL-  restored.  Upou  tlii;  L-cssHtluii  uf  tli«  stimultu,  tli« 
slower  rhythm  rof  arna.  If  the  current  be  uici-eased  in  strength,  i 
tlie  rhytlim  nmy  iu  Boinc  cjtses  be  so  aceelerated  that  in»piration 
begins  before  tlie  expiration  nf  the  preceding  breath  is  oom- 
pleted,  Kig,  94 ;  and  this  may  go  on  until  at  last  the  diaphragm 
is  brought  into  a  condition  of  prolonged  tftanus,  and  a  stand- 
still of  rospiraticiu  in  an  extrunii'!  inspirutury  phase  is  the  rirsult. 
On  the  other  hand  iu  a  certain  number  of  cusoh  tlie  result  is  of 
»n  oppuHite  chttractor.     Even  tliongh  the  respiration  be  already 


Via.  C4.    STiMri.ATioH  or  VAom  lkamxo  to  I:rapiN«TonT  ihcekau. 

'Phi*  currc.  unlike  the  prvceding,  WHt  oljUiini.><l  by  insartinn:  a  ut-vdlu  throusfa 
tbe  body  wall  no  lu  to  rest  od  the  dinpbntgm  unci  attJirJiia^  a  Icvur  u>  the  norJIe ; 
Me  f  SGI.     The  I'.'vcr  rlw«  with  each  ciinl.viu^tlriii  (il  thtxHRphrftgm  no  Ihnt  insptni^  ] 
tlon  bvgina  ni  a  iiud  ends  at  b,  expiration  boKliLS  at  li  atid  eads  at  r,  the  Inumt 
bctnocn  n  »nd  a  correBpondiup  lo  ihi?  paiuw. 

StluiiilnUon  of  the  vogtui  bei^ins  at  x.  It  will  bv  Ken  tliat  upon  xUmulfttimi 
Ui«  IngplraioTr  risen  of  the  lever  begin  long  bcfom  the  pnN:edlng  expimtlann  »n 
complete. 

slowed  hy  division  of  tlie  aerves,  stimulation  pro<Iuces  n  still 
further  slowing,  the  pmises  between  each  expiration  luid  tb«" 
succeeding  inspiration  are  prolongerl  fcf.  Kig.  96),  and  in  a 
i.-eHAin  numl>er  of  nases,  actual  standstill  is  brought  about,  but 
a  staiKlstill  of  a  kind  the  opposite  of  the  one  iust  described, 
rtinoe  the  diaphragm  which  in  that  ease  was  in  prolonged  tetanutt 
is,  in  this  ease,  eumpletely  relaxed,  ami  remains  for  some  tirao 
in  the  condition  in  wliicli  it  is  at  the  chtse  of  un  oriUnary  breath. 
In  a  certain  nundwr  of  eiwes,  and  these  are  not  uncommon,  the 
result  is  intermediate  between  the  two  above  extremes;  the 
(Uapliragm  stands  still  in  a  prolonged  contraction  iu  a  position 
which  is  intermediate  between  the  height  of  inspiration  and 
expiration. 

These  results  suggest  tile  conclusion  that  the  vagus  nerve  (we 
are  dealing  now  with  the  main   triudc  of  the  in-rve)  contains 
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Afferent  flbre^  of  two  kinds  Ronneot«<l  with  tlie  respirulory  cen- 
tre :  one  kind  augmenting  the  action  of  the  centre  ttoniewhut  iu 
the  8&me  wny  aa  the  augnientor  cardiac  fibres  suenient  the  Iwut 
of  the  heart,  and  the  other  kind  haviu;;  an  innibitory  effect. 
Ap[)ar<3ntly  somctiincs  the  one  and  sotnutinivs  the  other  kind  ia, 
according;  to  cireuiiistancVH,  most  provoked  by  the  stiuiuhition, 
much  in  the  luimv  way  us  stimulation  of  thv  va^ns  in  the  frog, 
which  fut  wc  have  seen,  §  l3(i,  is  tiie  channel  for  both  inliibitory 
•nd  nuginentnr  oardiao  impuloeH,  produces,  sometimes  inhibition, 
sometimes  augmentation  of  the  heart  beat.  To  affect  the  liearl 
of  course  the  stimulation  of  tlif  vagus  must  be  centrifugal, 
directed  towards  the  poriphciy,  wliercits  to  affect  the  respii-a- 
tion  it  must  bu  ccntript-Ui),  applied  to  the  part  of  tlie  nerve 
connected  with  thv  Ijmin  ;  and  while  the  usual  effeut  on  the 
hetirt  of  ordinary  stimulation  of  ttie  vagus  is  iiihibiliou,  augmen- 
tation only  occurring  in  special  cases,  the  most  common  effect 
on  respiration  is  augmentation,  though  inhibition  is  not  ntifre- 
quently  seen.  When  the  experiment  ia  conducted  on  an  animal 
under  tlw  full  influtucf  of  chloral  stimulation  of  the  vagus  gen- 
erally produces  inhibition  of  respiration,  probably  iM^-auac  the 
chlond  reiiilei's  the  respiratory  centre  more  susceptible  to  inhibi- 
tory inHueiiee. 

§  296.  We  said  just  now  "the  action  of  the  centre;"  but  the 
respiratory  centre  is  a  double  one  ;  it  gives  rise  to  inspiratory 
and  to  expiratory  efferent  impulses,  and  these  are  antagonistic 
the  one  to  the  other.  If  inspiratory  and  expiratory  impulses 
isBoed  from  the  centre  at  the  suuil^  time  and  in  equal  potency, 
there  could  be  no  breathing  at  all,  they  would  neutralize  each 
other's  effects  ;  and  indeed  atiy  amount  of  inspiratory  impulse 
is  antagonistic  to  n  siinultHneous  expiratory  impulse,  and  vice 
versa.  Hence  for  the  adequate  services  of  the  respiratory  cen- 
tre we  might  expect  to  find  that  each  kind  of  afferent  impulse 
ascending  the  vagus  affected  the  oentre  in  a  double  and  oppo- 
site way.  inhibiting  expinktiou  while  augmenting  iiispimtiou.  or 
inhibiting  inspiration  while  augmenting  expiration.  If  we  allow 
ourselves  to  speak  of  the  whole  respiratory  centre  as  consisting 
of  two  partA,  one  the  iwtpiralory  jiurt,  or  iospinttory  centre 
concerned  in  the  i.-wiue  of  inspiratory  impulses,  and  the  other 
the  expiratory  part.,  or  expiratory  centre  concerned  in  the  issue 
of  expiratorj-  impulses,  we  may  suppose  that  these  centres  are 
sio  related  to  each  other  that  afferent  impulses  reaching  the 
spinal  bulb,  which  augment  or  iuhibit  tne  one.  neceiwurily 
inhibit  or  augment  the  other.  Wc  need  perhaps  hardly  u<ld 
tliut  of  these  two  centres  we  should  expect  to  Snd  tlie  inspira- 
tory centre  the  doinimint  and  the  most  responsive  one  ;  in  nor- 
mal brt^itthing  it  conie«  almost  abnie  into  obvious  use,  since  as  we 
have  seen  the  expimtory  nuLscles  have  then  a  very  slight  task 
only,  the  chest  being  emptied  chietly  by  elastic  reaction  ;  and. 
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speaking  geiiflially,  breathing  in  is  the  first  coiiHideration,  we 
breathe  out  mostly  because  we  Iiave  already  breathed  i«. 

There  are  many  facts  which  suppurt  this  view  of  the  douWe 
antagonistic  action  of  afifervnt  respiratory  iuipulses.  If  the 
ccntml  i;nd  of  tho  superior  hiryiigcal  bniiidi  of  the  vjigua  be 
stinuiliitrd  the  wfTwcts  lire  iiiiioh  more  eonsliint  tlian  those  of 
Ktiiiaiiatiiig  the  maiii  vaguei  trunk.  Whether  ihe  main  trunk 
of  the  nerve  ho  previously  severed  or  not,  the  result  of  centrip- 
etal stimulation  of  the  superior  laryngeal  branch  ia  always  in 
tlie  direction  of  a  slowing  of  the  respiration  (^b'ig.  SS)  ;  and 
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Tills  curve  wnx  (ililaln«d  in  llie  eaiiiQ  nny  n.i  Fip.  01.  3,  3  ftnd  tbc  Irtt^ni  have 
the  BBlne  mvfuiiiig  m  iu  thoae  figures.    bUinulatlon  begins  at  gc,  aad  etida  U  y. 


this  may  by  proper  stimulation  be  carn(>d  so  Far  that  a  ooniplute 
StWidstill  of  respiration  in  the  phase  of  rest  is  brought  ahont. 
While  the  main  trunk  of  the  vagus  contains  fibres  of  two  kinrla, 
both  augineiitor  unil  luliibitory  of  inspiration,  the  superior 
laryngeal  branch  appears  to  coutaiu  one  kiii<l  only,  thosu  which 
inhibit  inspiration.  If  now  while  this  experiment  is  being  con- 
ducted on  a  rabbit  the  abdomen  be  watched  it  will  be  seen  that 
the  inhibition  of  insmration  is  accompanied  by  a  contraction  of 
the  abdominal  muscles,  that  U  by  an  effort  at  expiration ;  iJie 
stimulation  of  tbc  nerve  while  inhibiting  respiration  provokes^ 
to  a  certain  extent,  expiration. 

§  297.  That  the  trunk  uf  the  vagus  is  the  channel  of  these 
two  kinds  of  impulses,  of  a  mutually  antagonistic  character,  ia 
further  shewn  by  applying  what  may  Iw  considered  as  natural 
atiumli  to  the  endings  of  the  nerve  in  the  lungs ;  and  the 
results  su  obtained  have  an  especial  value  since  tlte  artiticial 
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stiDiulntion  of  a.  nerve-IIbre  at  «  part  oF  i\js  course  by  m««ns  of 
ail  electric  oiirreiit  i»  at  bent  a  rough  process,  by  wliicli  we  ciio- 
not  lio]ie  to  do  more  than  ajiiiroximale  to  the  resiiltit  actually 
takiuj;  (ilace  iii  the  liviii;;  body  wliuii  llie  nerve  is  stimulated  at 
ilsejiduigri  by  natural  stimuli ;  iiiui  tlio  spproximntion  in  jier- 
haps  less  in  the  case  of  tlit;  uxnuisitoly  ecnsitivi-  respiratory 
ceutrc  tliaii  iii  many  other  cases. 

If  in  iin  iiniiiial  in  whii'h  a  eai-eful  grtiphic  record  of  the 
respiratory  movementii  ia  beinf;  taken,  the  traeliea  be  suddenly 
cloMid  at  the  suraiuit  of  an  inspiration,  the  result  ia  a  {uiuse 
before  the  succeeding  inspiration  follows,  that  is  to  say,  a 
partial  or  temporary  inhibition  of  inspiration  ;  and  if  during 
such  Hii  exm'riment  on  a  rabbit  n  curve  be  taken  by  means  of 
the  isolutcu  slip  uf  the  diaphragm,  §  259,  it  will  he  seen  (Fig. 
96  A)  that  the  slip  elongates  somewhat ;  that  is  to  xay,  previ- 
ously in  a  state  of  tilight  tonic  contraction,  it  changes  in  the 
direetion  of  expiration.  If  on  the  other  hand  the  trachea  he 
suddenly  closea  at  the  end  of  an  expiration  (Fig.  9ft  II),  when 
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Fto.  B6.    Emcn  or  DnrKsnon  *n»  CoL4.AnB  or  Lima,    (Ht«d.) 

Bttb  turns  tnt  itterttvA  \>y  a  \nn  mui^Kpi}.  u  >ui«l  in  }  2r>0,  to  >  ilip  i>t 
flW  dUplirum  «S  a  nbbiL  A  contntcli'ni  ot  the  diniihracm  (miplrklion)  nUM« 
tlw  iPTirr  ;  (iDrinE  rrlmntinn  i>(  lli«  displinucm.  tlie  lever  tails. 

In  A,  tbr  trachr*  U  clnn-d  nt  z.  tli«  tiilirlit  of  intciilrsUi'ii ;  s  pause  follawe 
4iirtiiff  wlilch  tbn  Icttt  tcrndunlly  ninkii  unill  nn  liii|>initiun  [a  very  pow«rlaI  one) 

WW  III. 

In  B,  UiB  uaditw  U  clwcd  at  lUe  end  ot  txpiraUon,  z ;  llicra  follow  powcrfni 
tnitpintloiw. 
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the  lungs  liiivi;  rvtiiniud  to  their  eiuptiud  condition,  the  rvmilt 
u  ail  iiiurease  of  the  sequent  inspiriitioiii^,  that  is  to  Kay,  tui 
augmentation  of  inspii'atovy  impulses.  If  the  chest  or  if  the 
lunjf  only  be  gently  infiated  a  temporary  cessation  of  all 
inspiration  may  be  produced,  accompanied  sometimes  by  an 
attempt  at  expiration.  If  on  tlio  other  hand  air  be  sucked  out 
of  the  ohvat,  or  if  one  lung  be  mmie  to  collapse  by  puncture  of 
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Fin.  97.  ErvKOTi  or  iiKniATiip  Ihti-atiokb.    PosrriTB  vkntilxtkis.    (IlauL) 

'I'lie  lower  curve  is  described,  as  In  Fig.  M,  b;  a  lever  attnoliod  U)  a.  slip  of  Ui4 
didpiiragni.  Tlie  upptr  ourvn  aliuws  tlii>  iiiriinioim  (rnm  x  ley,  wliieh  wer*  tiiade 
wLtboul  any  &«i'[tiiiI  Ui  draw  tim  air  r>ai  at  eacli  iiiUatian ;  each  riB«  on  thin  cum 
demotes  ail  iiifliaiuti.  Il  will  be  observed  that  us  iliC!  inllations  are  cotitiimed  th« 
rcnpiratorf  movvincnld  of  tUedlapbmgni  mk  grnduully  "  knocked  down." 

one  pleural  cliauiher,  ii  proIo[it;i'd  in s]]i ration  is  the  frequent 
result,  the  diiiphmgra  being  thrown  into  a  prolonged  inspiratory 
t«tanus.  If  the  lungs  are  reiK'iitedly  iiillated,  without  any 
means  being  t,iken  to  druw  out  the  air  alter  each  inflation 
(Fig.   97)i  a  procedure   which  we  may  speak  of  as  positive 
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KwvBcnt  or  nnmrED  Si-ctkis*  ar  ma  Zivvq*. 
vEKiitaTioH.'  (Head.) 
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Th«  curve  coiT««pODds  oiMllr  to  Flu-  91,  ncepi  that  tbe  lun^  ara  sabjected 
to  i«peat«d  Bucilons  trltbout  correspond  I iij{  iiilUiiuiis.     Ttif  re«uU  la  thai  th«. 
inspiralioiiH  ani  rvp»al«d  iii  sucli  a  way  aa  to  bv  led  almost  to  an  Inspintoiy  ] 
teUuiu  of  Ibe  duptaragtn. 
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ventiliition.  th«  ratiiili  is  that  the  inspimtory  efTorU  Kr«  rlhiiiii- 
Uhed,  nnd  if  tho  vL-ulilatioii  in  oontiniiH  iimy  eease  altogether. 
If  on  thd  <iUirr  haiul  air  is  repeatedly  sm-ked  out  of  the  Iuium, 
without  any  i"orrespnnding  inflations,  negative  ventilation,  tlM 
inspiratory  efforts  are  increased  (Fig.  98)  and  tho  increase  may 
be  mieh  as  to  bring  the  diaphragm  to  a  state  of  tt^taiiua.  And 
in  general,  thougli  several  (.-omplioutioiui  oceiir  wliicli  wc  cannot 
discusH  licre,  the  rv»uUs  of  intlatioii  uf  the  tnngs  on  the  onv  hand 
and  of  suction  or  oollapse  of  the  lungs  on  tlie  ulher  han<I,  nhew 
that  the  nu'i'C  inH;itioii  or  perhaps  rather  the  mere  distension  of  the 
lunff  tends  to  inhibit  inspiratorvanduslier  in  expiratory  inipnises, 
while  collapse  of  the  lung  tends  to  inhibit  expiratory  and  to  de- 
velop inspiratory  impulses,  the  effect  on  tlie  inspiratory  impiUsea, 
aa  might  ue  espi>cteu  from  thv  dominnuee  of  the  iuspiratury  por- 
tion of  tile  centre  being  more  marked  ihan  the  effect  on  the 
expiratory  impulses.  That  the  instrument  hy  which  these  clTect« 
are  produced  is  the  vagus  nerve  is  shewn  by  the  fact  that  they  are 
no  longer  distinctly  recogniEable  when  both  vagus  nerve-8  ai-e 
divided.  And  that  the  results  are  due  to  the  niera  mechanieal 
expansion  and  collapse  of  the  lung  in  insutHatioii  and  collapse,  and 
not  to  any  chemical  influences  cxerl«d  by  the  larger  amount  or 
smaller  amount  of  air  present  in  the  lung  in  the  two  cases  increas- 
ing or  diminishing  Uie  absorption  of  oxygen  ami  escajx;  of  carbonic 
iieid,  is  shewn  by  the  fiut  that  the  results  remain  in  their  nmin 
features  the  same  when  some  indifferent  gits  snch  as  hyilrogen 
ia  used  for  inflation  instead  of  air  or  oxygen.  We  infer  there- 
fore tliat  the  expansion  of  the  pulmonary  alveoli  in  some  way 
or  other  so  stimulates  the  endings  in  the  lung  of  the  pulmonary 
branches  of  the  vagus,  that  impulses  are  generated  which  as- 
cending the  vagus  trunk  iiiliibit  the  inspiratory  processes  in 
the  respiratory  centre  ;  and  tliat  conversely  collapse  of  the  lung 
gimilarty  generates  impulses  which  are  augmentative  of  inspira- 
tory impulses.  And,  assuming  on  the  strength  of  analogy  The 
existence  in  the  va^fua  of  two  sets  of  fibres  we  may  say  that 
expansion  atimulates  the  endings  of  the  fibres  which  inhibit 
inspiration  and  concurrently  tend  to  augment  expirstion,  while 
collapse  sliinulatcs  lite  fibres  which  inhibit  expiration  and  aug- 
ment inspiration.  'I'lie  respiratory  pump  may  thus  be  looked 
upon  us  a  self- regulating  inechaiiism  :  the  expansion  of  the 
lungs  which  is  the  result  of  the  efferent  inspiratory  impulse-s 
tends  to  check  the  issue  of  these  impulses  and  to  inaugurate  the 
sequent  expiration  :  and  the  return  of  the  lungs  in  expiration 
tenils  to  set  going  the  succeeding  inspiration. 

§  296.  The  <loublc  or  alteriiiite  respiratory  action  of  the 
vagus  nerves  on  which  we  have  dwelt  almve  may  be  Ijikcn  as 
in  a  general  way  ilhi.'^trative  of  the  manner  in  which  other 
afferent  nerves  and  various  part«  of  the  cerehnini  are  enabled 
to  influence  r««piration.     As  we  have  already  said,  and  indeed 
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know  from  daily  exjierienoe,  of  all  the  apsychical  nervous  cen- 
tres, thu  respiratory  ccnti-e  is  the  one  wliich  is  most  fretiuently 
and  most  deeply  affected  by  nervous  inipttlsc»  from  viiiioua 
quurters.  livsiues  thv  ulinn^cs  broii^lit  iiWut  by  t)iu  will  (nnd 
when  we  breatlie  vnhtnlarily  we  pi-obtibly  nml^e  iisi;  lu  koiiio 
wxLciit  of  the  normal  nervous  machinei'v  of  respiration,  working 
through  thift,  rather  than  sending  innependent  volitional  im* 
pulses  direct  to  the  diaphragm  and  other  rt'spiratory  miiRoles), 
we  find  that  emotions  and  painful  sensations  alter  profoundly 
the  eharacler  of  tlio  respiratory  movomcnts.  And  though  the^e 
effects  may  by  partly  iudiroct  (th«  emotion  niodifyiiijj  the  heart- 
beat or  the  tonus  of  the  arteries,  and  su  inJliiencin};  the  How  of 
blood  through  Uie  respiratory  centre),  tliey  are  chiefly  due  to 
the  direct  action  of  nervouii  impulites  reaching  that  centre  from 
higher  parts  of  the  brain.  So  also  impulses  from  almost  every 
sentient  surface,  or  iwissing  along  almost  ovcry  eensory  nervei, 
may  modify  respiration  in  ono  direetion  or  another.  The 
inltucucc  in  this  way  of  stimuli  apjiHed  to  the  skin  is  well 
known  to  all  ;  but  perhajw  next  to  tlie  vagus  llie  nerve  most 
closely  connected  with  the  respiratory  centre  is  the  tifih  nerve, 
branches  of  which  guard  the  na«al  respiratory  channels ;  tho 
slightest  stimulation  of  the  nostrils  at  once  affects  tJie  breathing 
and  most  f  i-equently  arrests  it.  The  effects  of  stimuli  of  various 
strengths  brought  to  bear  on  various  nerves  are  very  varied. 
Sometimes  the  result  is  nn  increase  uf  insplrutinn ;  and  that 
either  by  a  quickening  of  the  rhythm  or  by  itu  increase  of  the 
iiulividuiil  breaths  or  by  a  combination  of  the  two.  Sometimeit 
the  result  is  an  inhibition  of  inspiration  accompanied  or  not  by 
an  increase  of  expiration,  and  sometimes,  as  when  the  stimula- 
tion causes  a  cougli,  the  expiratory  results  maybe  out  of  oUi 
propnrlion  to  tlie  nioditicutions  of  iintpirutlon. 

§  299.  The  compHc^ited  nnlure  of  the  respiratory  centre  la 
further  shewn  by  tlie  fact  that  it  ap{>eurs  to  consist  of  two  lat- 
eral halves  which  normally  work  in  unison  and  yet  may  be  miule 
to  work  independently.  If  the  spinal  bulb  be  carefully  divided 
in  the  iiiidillt!  line  respiration  may  continue  to  go  on  in  quite  a 
normal  fashion.  If,  however,  one  vagus  be  then  dinded,  the 
respiratory  movements,  both  costal  and  diaphragmatic,  on  the 
side  of  the  biniy  on  whteli  division  of  the  vagus  has  taken  place, 
become  slower  than  tiio.^  on  the  other  side,  so  that  the  two 
sides  tii-e  no  hmger  synchronous  ;  and  a  stimulus  coufiiied  to 
one  vagus  nffecLs  the  respiratory  movements  of  that  siile  of  tJie 
body  only.  So  also  a  section  of  a  lateral  half  of  the  cord  below 
the  Dulb  stops  the  respiratory  movements  on  that  side  alone. 

§  300.  licsidcs  these  nervous  inlluences,  however,  there  is 
another  eireiuiistnnco  which  perhaps  above  nil  others  affects  tJie 
respiratory  ceiiti-e,  und  that  is  the  coiLdition  of  the  blood  iu 
respect  to  its  respiratory  changes ;  Uie  more  venous  (less  urto- 
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rial)  the  Wood,  the  pfrcat^r  is  the  activity  of  the  respiratory 
cwntre.  Whi-n  by  rciuson  either  of  wny  liiiiilrancfl  to  theentranoe 
of  air  into  the  cliesU  or  oilier  iiilprfiTrnce  with  the  du«  intor- 
«h;nifjfl  liPtween  tlie  blood  and  tlio  pulmonary  air  or  of  ii  (jroatcr 
resjiiiiitory  antiAnty  of  the  tissues.  a«  during  muttcular  exertion, 
the  hlood  hccomes  less  nrteriul.  more  venous,  i.e.  with  a  Mimllor 
chargv  of  oxyj^on  and  more  httivily  laden  with  carhonic  a<!id, 
the  respimtion  from  bcinj;  normal  UevomeM  labourtid.  We  may 
siivAk  of  normal  breathing  as  eupnaa,  and  say  that  this,  when 
the  hlond  i.t  insnlliciently  aiterializ«d,  piiMscs  into  di/»pncea.  an 
intemieiliate  stage  in  which  the  respiratory  niovonionts  are 
Bimply  exagcfpraied  being  known  as  Si/pfrpiiaa.  The  nioflifi' 
cations  of  hitalliing  thus  caused  by  deficient  arterialization  of 
blood  are  especially  characterized  by  an  increase  in  the  total 
energy  of  thu  ru»piratory  inijiulses  generuttid,  and  in  this  respect 
differ  from  the  niiidificatioi)«  resulting  from  interference  with 
th^  nervouit  arrangements  itnch  as  tho.se  following  upon  liection 
of  the  vagus  nerves,  in  whioh  case  as  we  have  seen  tJie  rliyihm 
is  mui^h  more  profoundly  affected  than  the  amount.  In  <iysp- 
tuvA  the  lirciithiiig  is  frequently  quicker  as  well  aa  deeper,  tliere 
is  an  increnfiB  in  the  sum  of  efferent  respiratory  impulses,  and 
tint  oxpirutury  impulses,  wliieh  in  normal  re^pimtion  are  very 
slight,  ftoquire  a  pronounced  importance.  As  tfic  blood  become* 
In  cwtes  of  ohstniction,  less  and  less  arteriid,  more  and  more 
venous,  the  discharge  from  the  respiratory  (wntre  hec«ime»  raor*^ 
and  more  vehement,  and  instead  of  conlining  itself  to  the  mtual 
tracts,  and  passing  down  to  the  ordinary  respirator)-  muscle,^,  over- 
flows into  other  tracts  and  piit«  into  action  other  muscles,  until 
there  is  perha[M  hardly  a  muscle  in  the  body  which  is  not  made 
to  feel  it«(  eifeotj*.  The  mnsries  wliich  art*  thus  more  and  more 
thrown  into  action  are  especially  those  lemling  to  carry  out  or 
to  as.4i.>(t  expiration  :  ant!  at  last,  if  no  relief  is  afforded,  the 
violent  but  still  definite  rcapiratorv  movements  give  way  to 
general  convulsions  of  the  whole  body,  which  however  have,  to 
a  certain  extent,  an  ex)iiratory  character.  With  the  onset  of 
these  eonvuUionsd^'spnieA  is  said  to  have  |>aK.teil  into  atphffxia. 
By  the  violence  of  these  convulsions  the  whole  nervous  system 
beonme-t  exhausted,  the  convulsions  cease  and  death  U  ushered 
in  through  a  few  infrequent  and  long-drawn  breatlut :  but  to 
this  matter  we  sliall  return.  TIil-  effect  of  venous  blood  then  is 
to  augment  all  those  natund  explosive  dccuni[>ositions  of  the 
labetance  of  tlic  central  nervous  system  which  give  rise  to  res- 
piratory impulses  ;  it  increases  their  amount,  and  also  qnickens 
their  rhytlim.  Tl)e  latter  change,  however,  is  much  less  marked 
than  tlie  former,  the  respiralion  being  much  more  deepened  ilian 
hurried,  and  the  several  respiratory'  nets  art^^  never  so  much  hai'- 
tened  as  to  catch  ench  otlicr  up,  and  ho  to  produce  an  inspiratory' 
tetaatia  like  that  resulting  from  sUmulfttioB  of  tlie  vagus.     On 
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tlie  contnvryi  oxpocittlly  as  exliaustiun  begins  to  set  in,  the 
rhytlun  becomes  slower  out  of  piojjorLion  tu  the  weakeiiing  of 
the  tiKliviiliiul  movementx. 

^  301.  The  question  naturallv  arises,  Does  thitt  condition  of 
tlie  lilood  iiffect  tbe  ttiilistanc«  of  tlie  central  nervnuR  8y8tem,  that 
is  to  aay.  of  the  respiratory  c€ntre  in  the  tipinal  bull)  (and  the 
Rubtudiary  Bpinal  nervous  raechaniwua)  directly,  or  docs  it  pro- 
duce its  aEfcct  by  stimulating  thu  pcriplieral  «nds  of  a£fcn;nt 
norvGS  in  various  parts  of  the  body,  and,  by  th«  ^uucratiou  thurtt 
of  afferent  impulses,  indirectly  modify  the  uutioii  of  thu  central 
nervous  system  'f  Without  denying  the  possibility  that  the  latter 
mode  of  aetion  may  help  in  the  matter,  as  regimls  not  only  tlie 
vagus,  but  all  afferent  nerves,  the  following  facts  seem  to  shew 
that  the  main  effect  is  produced  by  thu  ilirect  action  of  the  blood 
on  tlje  central  nervous  system  and  indeed  on  llie  bulbary  res- 
piratory centre  itself.  If  tliu  s]>inal  cord  he  divided  hduw  the 
bulb,  and  both  vagi  be  eut,  want  of  pro]>er  acrtLtiou  of  the  blood 
still  produces  an  inereasud  activity  of  the  respiratory  centre,  (w 
shewn  by  the  increased  vigour  of  the  facial  respiratory  inove- 
ments  ;  in  such  a  case,  it  must  act  dii-ectly  on  the  respiratory 
centre,  for  all  afferent  paths  along  the  nerves,  except  the  few 
cranial  ones,  have  been  btoiikcd  by  £he  operation.  The  same 
direct  action  is  further  shewn  by  tho  following  "cross  circula- 
tion "  exporiment.  In  two  aiiinuils  the  peripheral  portion  of  ouo 
carotid  of  one  animal  is  connected  by  u  tube  with  the  central  por- 
tion of  one  carotid  of  the  other  animal,  the  other  carotid  in  each 
animal  being  tied.  Hence  the  brain  and  Die  V>rain  oidy  of  one 
animal  is  supplied  by  the  blood  of  the  other  animal,  ihe  ifrM  of 
itB  body  being  supplied  by  its  own  blood,  if  now  respiration 
bo  stopped  in  one  animal  the  other  becomes  dyspntRic,  while  it 
in  itself  shews  no  dyspnma  ;  it  is  the  animal  to  whose  brain 
(spinal  bulb)  alone  too  venous  blood  is  brought,  not  tho  animal 
tlie  whole  of  whose  body  is  supplied  with  the  too  venous  blood, 
which  manifests  ilistnrbanee  of  the  respiratory  centre.  Again, 
if  in  an  animal  the  supply  of  blood  be  cut  off  from  the  spinal  bulb 
by  ligature  of  the  carotid  and  intervertebral  arteries  dyspnuia 
is  produced,  tbough  the  operation  produces  al  first  no  change  iD 
the  blood  generally,  but  simply  affects  the  respiratory  condition 
of  ttic  meduUtt  itself  by  cutting  off  its  blood-supply,  the  imme- 
ilitile  result  of  which  is  an  accumulation  of  carbonic  acid  and  a 
paucity  of  available  oxygen  in  the  nervous  substance  of  that 
region.  U  the  blood  in  the  carotid  artery  in  an  animal  bo 
wanned  above  the  normal,  a  dyspnwa  is  j>roduced  which,  tlioiigh 
apparently  not  ({uite  identical  with  the  dyspnoea  caused  by  im* 
perfect  arterialixation  of  the  blood,  shews  that  the  too  high 
temperature  of  tho  blood  directly  affeetjt  the  activity  of  tne 
respiratory  centre.  We  may  conclude  thercfoi-e  that  the  con- 
dition of  the  blood  affects  rcHpii'atiou  by  acting  directly  on  tho 
respiratory  centre. 
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Whilu  tliu  ruHpirutory  centre  ix  tlitw  being  Hffccted  by  the 
too  venous  blooil,  it  ie,  until  ex)mu»tion  Iiegin^  to  set  in,  more 
irritable,  more  eit»ily  ami  largely  affected  by  afferent  iin;inls(*ji 
tlian  in  its  iiornial  condition.  During  dynpncpa  a  .ttinnilns 
which  applied  to  the  vagus  or  to  some  other  sensory  nerve 
under  normal  conditions  would  produce  little  or  no  effect,  may 
start  very  powerful  respiratory  movi-nicnt*. 

§  302.  Dellciviit  luratiun  producer  two  effects  in  blood  :  it 
(limiuislieH  tlie  oxygon,  and  increases  the  carbonic  acid.  Do 
both  of  tlicse  changt-s  affect  the  respiratory  centre,  or  only  one, 
and  if  so,  which  ?    When  an  animal  is  made  to  breathe  an  atinox* 

Sihi^re  containing  nitrogen  only,  the  exit  of  carbonic  acid  by 
[iffu»ion  is  not  aSected,  and  the  blood,  as  is  proved  by  actiiad 
analysis,  contsina  no  exceaa  of  carbonic  acid.  Vet  all  the  phe- 
nomena of  dyspuu.'a  arc  present,  and  if  tlic  experiment  be  con- 
tinued, cunviilfiioiis  citHuo  and  the  animal  dies  in  asphyxia.  In 
this  cjise  the  result  can  only  be  uttributed  to  the  ileiicienoy  of 
oxygen.  On  the  otJier  hand,  if  an  animal  be  made  to  breathe 
an  atmosphere  rich  in  carbonie  acid,  hut  at  the  same  time  con- 
taining anundance  of  oxygen,  though  the  breathing  becomen 
markedly  deep4;r  and  also  somewhat  more  frequent,  there  is  no 
culmination  in  a  convxUsive  asphyxia,  even  wWn  the  quantity 
of  carbonic  iicid  in  the  blood.  a»  shewn  by  direct  analysis,  is 
very  largely  increased.  On  tlie  conlniry.  the  iiiercjute  in  the 
respiratory  muvenients  may  after  a  while  pass  off,  the  aiiinuil 
becoming  unconscious,  and  appeiiring  to  be  auflfering  rather 
from  a  iiai'cotie  poison  than  from  simple  dyspn(ea ;  the  excess 
of  carbonic  aci<l  in  the  blood  appears  to  atlect  other  pai'ts  of 
the  central  nervous  system,  and  especially  portions  of  the  brain. 
more  profoiuidly  than  it  docs  the  R'spiratory  centre.  It  has 
been  maintained  by  some  that  while  a  deficiency  of  oxygen 
promulcs  inspiratory  movements,  an  excess  of  carbonic  acid 
stimulates  the  expiratory  movements,  the  nervous  meehaniams 
being  .to  arranged  that  a  lack  of  oxygen  leads  to  an  effort  to 
get  more  of  it  and  a  too  gre-at  load  of  carbonic  acid  to  an  effort 
to  get  rid  of  it ;  but  the  facts  are  opposed  to  the  existence  of 
any  such  telcological  adaptation.  It  is  obvious  however  that  a 
lack  of  oxygen  and  an  excess  of  carbonic  acid  affect  the  resjiir- 
atory  centre  in  very  different  ways,  and  that  in  ordinary  ciu^es 
of  inlerfeix;nce  with  the  interchange  In  the  lungs,  as  in  defi- 
cient aeration,  it  is  the  lack  of  oxygen  which  plays  the  prin- 
cipal part  in  developing  the  abnormal  respiratory  movementa. 
Vi  B  may  infer  tltat  it  too  is  chiefly  coni^nied  in  regulating  the 
more  normal  respiration,  but  cannot  as  yet  say  what  is  the 
exact  sliare  to  be  attributed  to  the  carbonic  acid. 

We  may  liere  point  out  that  it  is  not  to  be  supposed  tliat 
each  breath  is  d>;tenninc<l  by  the  condition  of  the  blood  flowing 
ttirvugh  the  capillaries  of  the  medulla  at  the  moment  preceding 
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tliiit  breath,  it  U  not  to  be  imafpQcd  that  vavli  breath  is  the 
result  of  thv  lack  of  oxygen  felt  imme(liiit«l}'  beforo.  On  the 
contrary,  the  condition  of  blood  merely  niodUles  the  njiturol 
autouiatii:  action  of  tlie  centre. 

§  303.  There  are  reasons  for  thinking  tliat  conditions  of  the 
blood,  other  than  variations  in  the  amount  of  uxygen  and  ear- 
bonic  acid,  may  also  materially  affect  the  working  of  the  res- 
piratory centre.  It  is  a  miittur  of  toinmou  experience  that 
iiiusL-uliir  exertion,  espcoially  if  at  all  excessive,  iucreaaca  tho' 
respiratory  rnoveiuents;  violent  exercise  soon  puis  a  inftn  "out 
of  brenth."  Thi.-*  increased  activity  of  tlie  respiratory  centre 
18  in  large  mea.mii'e  at  all  eventn  caused  by  the  character  of  the 
blood  wTiich  during  and  for  some  little  time  after  the  move- 
ments is  carried  to  the  spinal  bulb,  and  not  by  any  nervous 
impulses  sent  up  to  the  imlb  from  the  contracting  muscles. 
This  is  shewn  by  the  fact  that  if  in  an  animal  the  spinal  cord 
be  divided  in  the  dorsid  or  luiiibar  ix'gion  and  the  hind  limbs  be 
powcrfidly  tetaiiized,  the  reispiratory  moveirients  are  increased; 
the  animal  pants  as  it  would  do  if  it  had  been  running.  In 
such  a  case  the  only  connection  lietween  the  hind  limbs  and  the 
respiratory  centre  is  through  the  blood ;  it  must  be  some  change 
in  the  blood  caused  by  the  iiniseiUar  contractions  whicli  affects 
the  respiratory  centre  when  the  blood  pa«sej!  from  the  hind  limbs 
to  be  disiributod  by  tlie  heart  to  the  bulb.  Now  when  u  muscle 
contracts  itscuusuniplion  of  uxygen  and  production  of  carbonic 
fteid,  especially  the  hitter  (§  GO),  are  increased ;  the  blood  leav-  i 
ing  the  uiUKcle  is  more  venous  than  usual.  Hence  when  many 
muscles  are  contracting  powerfully  the  blood  carried  to  the 
right  side  of  the  heart  is  more  venous  than  usual ;  and  we 
might  expect  that  it  is  this  unusually  venous  blood  failing  to 
be  adequately  arterializcd  in  the  lungs  and  hence  reaching  the 
bull)  from  the  left  side  of  tho  heart  in  a  more  venous,  less  com- 
pletely arterialized  condition  than  usual,  which  stirs  up  the 
respiratory  centre  to  increased  activity. 

On  examination  however  it  in  found  that  the  blood  leaving 
the  left  side  of  the  heart  in  such  cases,  is  not  less  arterialized  but 
if  anything  more  arteriali/ed  than  usual.  The  increased  res- 
piratory movements  induced  by  the  changed  blood  soou  jji-ove 
sufficieut  or  even  more  than  sufficient  to  give  the  blood  the 
extra  quantity  of  oxygen  and  to  remove  the  extra  quantity  of 
carbonic  acid.  Obviously  the  blood  coming  from  the  letanised 
muscles  affects  the  respiratory  centre  by  virtue  of  some  quality 
which,  unlike  that  due  to  the  deficiency  of  oxygen  or  excess  of 
carbonic  acid,  is  not  immediatt'ly  affected  by  the  passage  through 
the  lungs.  Whether  the  quality  in  question  bo  dependent  on 
&D  excess  of  sarcolactic  ucicl.  or  on  some  other  product  or  prod- 
ucts of  muscular  metabolism,  we  do  not  as  yet  know.  But  tliu 
fact  that  suhstimces  in  the  bloorl  may  so  aneot  the  respiratory 
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centre  is  interesting  fiince  it  ithews  by  how  many  ftafe^iiirclii  tlie 
working  of  the  respiratory  centre  U  carefully  adapted  to  the 
needn  «t  the  economy. 

§  304.  Apvaea.  When  wo  attempt  to  liold  our  breath,  we 
find  thnt  we  cnn  do  this  for  a  limitvd  tiniu  only  ;  Kooiier  or 
later  &  breath  must  couic  ;  but,  an  in  well  known,  the  lime  dur- 
ing which  wu  can  remain  without  breathing  may  on  occasioa 
be  much  prolonged,  if  we  lirst  of  all  take  a  aeries  of  deep 
breatlui.  The  bnsath  nooner  or  later  inevitably  follows  I>ecause 
at  last  the  natural  impulses  procL-ediu?  from  the  respiratory 
centre  become  too  imperious  to  be  any  longur  held  in  check  by 
the  impulses  of  volition  piMsing  down  to  the  centre  from  the 
bruin.  The  fnct  thiit  u  series  of  deep  breaths,  a  thorough  veu- 
tilatioR  of  tlie  ItingH,  postpones  the  victory  of  the  unconsctoun 
centre,  shews  that  such  a  ventilation  in  some  way  delays  tho 
development  of  the  natural  respiratory  impulses.  A  similar 
but  still  more  marked  delay  may  often  be  seen  in  an  animal 
under  artiticial  reiiipiration.  If  in  a  rabbit  artilicial  respinitiou 
is  CHrricd  on  very  vigorously  for  a  while,  and  then  tiuddenly 
stopped,  the  animal  does  not  immediately  begin  to  breathe. 
For  a  variable  period  no  respiratory  movements  at  all  take 
place,  and  breathing  when  it  tioes  begin  occurs  gently  and  nor- 
mally, only  passing  into  dyspno>a  if  the  animal  is  unable  to 
breathe  of  itself  ;  and  even  then  the  transition  is  quite  gradual. 
Evidently  during  this  period  the  rospiratory  centre  is  iu  a  state 
of  complete  rest,  no  explosions  arc  taking  place,  no  respiratory 
impulses  arc  being  generated,  and  the  quiet  transition  from  this 
condition  io  that  of  normal  respimlion  shew8  that  the  sultse- 
quent  genemtion  of  impulses  is  attended  by  no  great  disturb- 
ance. Not  nnlv  is  the  centre  at  rest,  but  it  is  less  irritable 
than  the  normal ;  impulses  along  the  vagus  or  other  nerves 
wliieh  otherwise  would  produce  respiratory  vxplosious  are  uow 
ineffeetual.  This  statu  of  things  is  known  as  timt  of  apmxa, 
the  converse  of  dyspnum ;  and  tlie  longer  pause  in  breathing 
roentjoiicd  above  as  possible  after  unusual  ventilation  of  the 
longs  may  be  regarded  »s  a  brief  apncpa. 

now  ic  seemed  natural  to  suppoAe  that  such  a  state  of  rest 
of  tha  respiratory  centre  was  brought  about  by  the  more  than 
necessarily  ample  supply  of  oxygen  afforded  oy  the  previonx 
increased  inspiratory  movements  ;  and  indeed  it  was  main- 
tained that  apna-a  was  the  result  of  too  great',  just  as  dyspn<i.-a 
U  the  r<»u)t  of  loo  little  arterial ization  i>f  the  blood  reaching 
the  rwpiratory  centre.  It  was  argued  that  owing  to  the  iii- 
craased  vigour  of  the  artificial  respiratory  movements  the  iijcmo- 
globin  of  the  arterial  blood,  which  in  normal  breathing  is  not 
quite  s:iturated  with  oxyg^'n,  l)oc«me  ulinosi  ooiiipletely  so.  and 
that  at  the  same  time  the  nuanlity  of  oxygen  simply  dissolved 
ill  tbe  blood  became  largely  increased  and  its  tension  hirgely 
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uitf^iuvntvd.  But  there  are  reasons  which  i-emler  hulIi  h  view 
uiiteiuible.  In  the  fir»t  place  there  ist  no  direct  and  natisfactory 
proof  that  in  apntxa  the  arterial  blood  is  overloaded  with  oxy- 
gen aa  supposed  ;  indeed  during  the  course  of  apnipa  before 
it  hftA  come  to  an  end  the  blood  biieoiues  distinctly  loss  arterial, 
more  venous  than  usuiil.  In  lliu  second  pliicu  Hpiiu.'!t,  if  not 
entirely  impossible,  is  mucli  mure  dillioult  to  bring  iiliout  wbcn 
botb  vngus  nerves  are  diviiled,  and  if  it  does  occur  after  sec- 
tion of  the  vagus  nerves  haa  not  the  same  characters  as  ordiriury 
apncea.  Now,  when  artilioial  respiration  is  being  carried  on 
section  of  the  vagus  nerves  can  have  no  effect  on  the  quantity 
of  oxy^n  taken  up  by  the  hlood  in  the  lungs.  But  the  vagus 
nerves  are  the  elmnnel  of  impulses  iiffcctiug  the  respiratory 
centre,  and  this  relation  of  the  iipnu'ii  to  the  vagus  nerves  sug- 
gests another  and  different  interpretation  of  apnotu.  As  wu 
have  seen,  expansion  of  the  lung  by  acting  in  some  way  or 
other  OH  the  pulmonary  terminations  of  the  vagns  nerve  sends 
up  along  that  nerve  impulses  which  inhibit  inspiration.  And 
it  is  argued  that  repeated  forcible  inflations  of  the  lungs  pro- 
duce Hpnteii  by  generating  potent  inhibitory  impulses,  wliich  by 
a  kind  of  summation  of  their  effects  in  the  spinal  bulb  stop 
for  a  while  the  generation  of  respiratory  impulses  in  the  respira- 
tory centre.  This  conclusion  moreover  is  strongly  supported 
by  the  fact  that  an  apnrpa  may  be  produced,  so  long  as  the 
vagus  nerves  are  intact,  liy  forcible  artiiicial  respiration  with 
hydrogen  instead  of  utmoS]>hcrie  air  ;  iu  other  words,  the  in- 
hlbitory  im|>ulBe8  generated  in  the  vagus  nerves  by  the  inflation 
are  sufficient  wholly  to  neutralize  the  development  of  respira- 
tory impulses  which  the  deficient  arteriulization  of  the  blood 
would  otherwisi:?  hiive  pi-oduced. 

§  305.  fifiyontiart/  Retptratori/  Rh;ft,hm.  Chrimr-St.oke»  R«»- 
firation.  A  remarkable  abnormal  rhji.hm  of  respiration,  fii-st 
observed  by  Cheyne  but  afterivarda  more  fully  studied  by 
Stokes,  and  hence  called  by  their  combined  names,  occurs  in 
certain  pathological  cases.  The  respiratory  movements  grad- 
ually decrease  both  in  extent  and  rapidity  until  they  ccjuki 
altogether,  and  a  condition  of  upiia%  lasting  it  may  be  for  sev- 
eral seoonih,  en.sne».  This  is  followed  by  a  feeble  i-espiratinn, 
succeeded  in  turn  by  a  somewhat  stronger  one,  and  tiius  the 
respiration  returns  gradually  to  the  normal,  or  may  even  rise 
to  liyiR-rjintEa  or  slight  dysjDnma.  alter  which  it  again  declines 
in  a  eimihir  manner.  A  secondary  rhythm  of  lespirsition  is 
thus  developed,  periods  of  normal  or  slightly  dyspua-ic  respira- 
tion alternating  l>y  gradual  transitions  with  periods  of  apiioa. 
The  cause  of  the  pnenomena  is  not  thorougjily  understood. 
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SEC.  7.     THE    EFFECTS   cjp  CHANGES    IN  THE  COMPO- 
SITION  AND  I'itESSUKE  OF   THi:  AIR   BREATHED. 

§  306.  Thu  prc-oediiiK  hl-cIjoiui  Imvb  hIivwii  lu  lliut  thu  roa- 
pirutury  iitt^limiiHiu  ui  urriiiiged  to  work  satisfituiurily  when 
tbe  liiii^M  iLi-t;  auk-quiitely  suii[)lied  ^ith  air  of  t)ie  onliiiiiry  coin- 
position  of.  and  at  the  urdinary  pi-etuiiire  nf  the  atnionjihere. 
We  have  further  seen  tliat  the  mechaniani  can  aihipt  itself 
within  certain  limits  to  chmigcs  in  the  conipoiution  and  prestmre 
of  the  uir  supplied.  Wu  may  iiuw  consider  briefly  what  takt-s 
pliiou  when  those  limitti  are  uverstvpptid.  The  nuiKt  striking 
i-fTvcttt  are  seen,  wheit,  on  nucount  of  oct^lnsion  of  the  trneheu. 
or  by  breatliing  in  a  confined  e{)acc,  or  for  other  rea«onts  a  due 
supply  of  air  not  lieing  obtained,  nomiat  respiration  gives 
place,  thTX>ugh  an  intermediate  phase  of  dyHjmtpa,  to  the  condi- 
tion known  ua  asphyxia ;  this,  unless  remedial  measures  he 
taken,  rHj'idly  proves  fatal. 

Atphviia.  As  Hoon  as  the  bluud  bdcoines  less  Arterial,  more 
venous  tiwiii  nornkiil.  the  respiraiory  movements  hernine  tiet'ijer 
and  at  tlie  same  time  more  frequent;  both  the  inxpiratniy  »iid 
expiratory  pha^iea  are  exaggeruti'd.  the  su|}plen)entary  muscles 
8|>oken  of  §  265  are  brought  into  play,  and  the  i-iite  of  the 
rnythm  is  hurried.  Tlieso  effects,  as  wc  have  seen,  arc  cliiefly 
to  be  ascribed  to  tJie  deiieienoy  of  oxygen  in  the  blooil. 

As  the  blood  continues  to  become  more  and  more  venous  the 
respiratory  movements  cimtiniie  t^i  increase  both  in  force  and 
frcciueney.  ii  largi-r  number  of  muKcIes  being  called  into  action 
and  that  to  an  increasing  extent.  Very  soon,  however,  it  may 
be  olxicrved  that  the  expiratory  movements  arc  becoming  more 
marked  tlian  tlie  inspiratory.  Every  muscle  which  can  iu  any 
way  assist  iu  expiration  is  in  turn  brought  into  ploy;  and  at 
last  almost  all  the  muscles  of  tlie  body  are  involved  in  thv 
struggle.  The  orderly  expiratory  inovemcntd*  lulminate  in 
expiratory  convuUiotLS,  the  order  and  M-<)Ui-nce  of  which  are 
olwicurcd  hv  their  violence  and  exloni.  That  the^e  ctrnvulHions. 
UiroQgh  wliich  dvspmea  mergea  into  asphyxia,  ai'e  due  to  a 
stimu^tion  (by  tfte  venous  blood)  of  the  spinal  bulb,  is  proved 
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by  the  fact  tliat  they  fail  to  make  their  appearance  when  the 
(ipinal  cord  haa  beca  previously  divided  bt-low  th«  bulb,  though 
they  etill  oc(mr  after  those  [lortions  of  the  bniiri  which  He  above 
the  bulb  have  been  rcmovvil.  It  is  iismil  ti>  sijeak  of  a  •con- 
vulsive centre'  In  tlie  bulb,  ihe  sliiniiliition  of  which  gives  rise 
to  these  eoiivulsioDK;  hut  if  wa  iiceept  tiie  existence  of  such  ii 
centre  we  inU8t  at  the  same  time  admit  that  it  ia  connected  by 
the  closest  ties  with  tlio  normal  expiratory  division  of  the  res- 
piratory centre,  since  every  iuterveuiug  step  may  be  observed 
between  a  simple  slight  ex]iiriitory  movement  of  normal  respira- 
tion and  the  must  violent  convulsion  of  aspliyvia.  An  fiddi- 
tioiud  proof  tliftt  these  convxilsiuns  ai-e  carried  out  by  the 
uyeucy  of  the  bulb  is  afFonieil  by  the  fact  that  convulsions  of  a 
wholly  similiir  character  are  witnessed  when  the  supply  of  blooil 
to  the  bulb  is  suddenly  out  off  by  ligaturing  the  nlood  vessels 
of  the  head.  In  thU  case  the  nervous  centres,  being  no  longer 
fiiniished  with  fresh  blood,  become  rapidly  asphyxiated  through 
lack  of  oxygen,  and  expiratory  convulsions  quit«  similar  to 
those  of  ordinary  asphj'xiii,  and  prweded  like  llieiu  by  a  pass- 
ing phase  of  dyspnoui,  make  their  appiinrance.  Similar 'ameinic' 
convulsions  an:  si^ori  after  a  sudden  ami  large  loss  of  blood  from 
tlie  body  at  large,  the  bulb  being  similarly  stimulated  by  the 
lack  of  arterial  blood.  In  ordinary  fainting,  which  ia  loss  of 
oonscionsnesH  due  to  an  insufficient  supply  of  blood  to  the  brain, 
the  diminution  of  blood  sup])ly  is  not  great  enough  to  produce 
these  convulsi'ins. 

Such  violent  efforts  speedily  exhaust  the  nervous  system ; 
and  the  convulsions  after  behig  niaintainod  for  a  brief  period 
suddenly  cease  ami  are  followed  by  a  period  of  calm.  The  calm 
is  one  of  cxhanstioii ;  the  pupils,  dilated  to  the  utmost,  are 
unaffected  by  licht;  touching  the  cornea  calls  forth  no  move- 
ment of  the  eyelids,  and  indeed  no  reflex  actions  can  anywhere 
be  produced  by  the  stimulation  of  sentient  surfaces.  All  expi- 
ratory active  movements  iia-ve  ceased  ;  the  muscles  of  the  body 
are  fljaceid  and  quiet ;  and  though  from  time  to  time  the  respir- 
atory centre  gathers  sufficient  energy  to  develop  respiratory 
movements,  these  resemble  those  of  quiet  normtil  breathing,  in 
being,  as  far  as  muscular  actions  are  concerned.  almoKt  entirely 
iitspirati'iry.  They  occur  at  long  intervals,  like  those  after  sec- 
tion of  the  vagi ;  and  like  them  are  deep  and  slow.  The 
exhausted  respiratory  centre  takes  some  time  to  develop  an 
inspiratory  explosion  ;  but  the  impulse  when  it  is  generated  is 
pro|jortionatu1y  strong.  It  seems  iu;  if  the  resistAncc  wiiieh  had 
III  each  ea.se  to  he  overcome  was  considerable,  and  the  cITort  in 
Oooaeijiienee.  when  suecessfii],  productive  of  a  large  efTeet. 

Very  soon,  these  inspiratory  efforts  become  less  frequent; 
their  rhythm  becomes  irregular ;  long  ]>auses,  each  one  of  which 
seems  a  final  one,  are  succeeded  by  several  somewhat  rapidly 
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repeated  inspirations.  Tlis  piiu^Qs  l>eoouie  longer,  anil  the 
iiiM|>iral(iry  movt^menU  tihallower.  Each  inHpiration  is  accmu* 
panied  hy  tlie  contraction  of  acco8at>ry  muBcles.  especially  of 
the  face,  so  tliat  each  breath  l}^!L^oul^i8  more  and  more  a  pro- 
loii(;cd  ffasjj.  The  inspiratory  frasp«  Hpreiul  into  a  coiiviilaive 
sireti'hin^  of  tlie  whole  body  ;  uiid  with  cxt«;nded  limbs,  and 
»  lU niightcnvd  trunk,  with  ilie  head  thrown  back,  tlm  niuutb 
widttly  o[it;n.  the  face  drawn,  and  the  no»triU  dUuted,  iJiu  last 
breatli  ix  taken  in. 

Thiw  we  are  able  to  distinguish  three  stages  in  the  phe- 
nomena which  result  from  a  eontiimed  deficiency  of  air:  (^I)  A 
stage  of  dyspnu.-ii,  ehiiniL-terized  by  an  increase  of  the  respira- 
tory movcuicnto  both  of  iuHpiralion  and  expiration.  (2)  A  eon- 
vuliiive  stage,  oharucterized  by  tlie  tlominuncv  of  tiic  expira- 
tory efforts,  and  culminating  in  general  couvuUious.  (^)  A 
stage  of  exhaustion,  in  which  lingering  and  long-drawn  inspira- 
tiuiis  gi-adually  die  out.  When  brnught  al)out  l>y  sudden  occlu- 
sion of  tlie  trachea  these  events  run  through  their  course  in 
about  4  or  5  minutes  in  the  dog,  and  in  about  d  or  4  minutes 
in  the  rabbit.  The  lirst  Htuge  passes  gradually  into  the  second, 
convulsions  appearing  at  the  end  of  th«  first  minute.  The 
tnuisitiun  from  the  wcond  stAge  to  tlic  third  is  somewhat 
abrupt,  the  convulsions  suddenly  ceasing  early  in  the  second 
minute.     The  remaining  time  is  occupied  in  liie  third  stag«. 

The  duration  of  asphj'xia  varies  not  only  in  different  animidx 
but  in  the  same  animal  under  different  circumstances.  Newly 
bom  and  young  animals  need  much  longer  immersion  in  water 
before  death  by  asphyxia  occurs  than  cio  adulta.  Thus  while 
in  a  full-grown  dog  recovery  fi-oni  drowning  is  unusual  after 
1|  miuutes,  a  new-born  puppy  has  been  known  to  War  an 
immersion  of  as  much  as  50  minutes.  The  cause  of  the  differ- 
cnee  lies  in  the  fact  that  in  the  ^uite  young  or  rather  Just  born 
animal  the  revtpiratory  changes  of  the  tissues  are  inueh  lem 
active.  These  consume  less  oxygen,  and  the  genei-al  store  of 
oxygen  in  the  blood  has  a  less  rapid  demand  made  upon  it. 
The  respiratory  actirity  of  the  tiasues  may  also  be  lessened  by 
a  deficiency  in  the  eireulation :  hence  bodies  in  a  state  of  syn- 
cope at  the  time  when  the  deprivation  of  oxygen  begins  can 
endure  the  loss  for  a  much  lunger  period  than  can  Iwdies  in 
which  the  ctreuLitiou  is  in  full  swing.  There  being  tlte  sama 
store  of  oxygen  in  tlie  blood  in  each  case,  the  quicker  circula- 
tion must  of  necessity  bring  about  the  speedier  exhaustion  of 
the  store.  So  also  anaesthetics  may  diminish  the  effects  and 
delay  the  final  results;  large  doses  of  anieslheties  may  prevent 
the  exaggerated  and  eotivulsive  movements.  In  many  eases  of 
drowning,  death  is  hiuUeued  by  the  enlnuice  of  water  into  tho 
lungs. 

By  troiiiiiig,  the  respiratory  oeotre  may  be  aooostomed  to 
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bear  a  scanty  supply  of  oxygeu  for  a  much  longer  time  than 
luual  before  dyspnoja  sets  in.  as  is  seen  in  tho  oasw  of  (liver*. 

The  phenomena  of  slow  asphyxia,  whi-rc  th«  supply  of  air  is 
gradually  dirainishfil.  am  f iiiithuiK'ntitlly  tht-  siinie  as  those  ii'jjult- 
ing  from  a  suifdcn  and  total  (leprivfttion.  The  stuiie  sUiges  am 
tteeu,  but  tL«ir  development  taken  place  more  slowly. 

§  307.  The  composition  of  the  atmosphere,  the  preasiire  re* 
maiiiing  the  name,  may  be  modified  by  the  introduction  of  foreign 
gOMes.  To  some  of  tliesc  the  nwpiratory  mechanism  is  indiffer- 
ent :  for  instance,  liydrogen  may  Ijc  substituted  for  nitrogen 
without  any  change  in  the  ruspinition,  provided  of  course  tliat  the 
oxygen  is  not  diminished.  Other  gsist-s  may  produce  jioisunous 
effects,  cither  by  interfering  with  .some  of  the  respiratory  pn> 
««»SC5  or  in  other  way.t.  'ihu.t  carlx>n  monoxide,  by  combining 
with  the  hiemnglobin  of  the  red  corpuscles,  and  so  preventing 
the  oorpu.wles  from  acting  as  oxygen-carriers,  produces  aapIijTcia 
through  deficiency  of  oxygen.  Sulphuretted  hydrogen  inter- 
feres with  the  oxygenation  of  the  blooil  by  acting  as  a  reducing 
agent.  Some  gases  while  allowing  the  ordinary  respiratory 
changes  of  the  blood  to  go  on  aa  usual  prnduco  toxic  effect  by 
acting  on  one  or  other  of  the  tissues.  Thus,  as  we  have  seen, 
fin  excels  of  carbonic  acid  in  the  blood  seems  to  have  a  s^ieciol 
effect  on  the  central  nervous  syatenj  and  so  acts  as  a  narcotic 
poison.  The  [wculiar  effects  of  nitrous  oxide  (laughing  gas) 
are  similarly  due  to  the  direct  action  of  the  gas  in  the  blood  on 
the  central  nervous  s>'stcm.  Some  gases  are  irrv^pirable  and 
may  interfere  with  respiration,  even  causing  suffocation,  on 
account  of  tlieir  cautiing  spa^m  of  the  glottis,  and  this  is  said 
tf]  be,  to  a  certain  extent,  the  case  with  an  atmosphere  wliicli  U 
wholly  or  largely  composed  of  carbonic  acid. 

§  308.  Tkf  Effects  of  Changes  in  Atmonpheric  Pretture. 
Diminution  of  pressure.  The  partial  pi-essuie  of  the  oxygen  in 
the  inspired  air  may  bo  changed,  not  only  by  altering  tiie  com- 
position of  the  air  entering  at  the  ordinary  atmospheric  pressure, 
but  also  by  altering  the  total  pressure  of  the  Htmospherc  without 
changing  it«  comiX)sition.  The  results  of  the  latter  ui-e  however 
cotup1icate<l ;  we  have  then  to  deal  not  mei'ely  with  the  effects 
on  tiie  interchange  of  gases  in  the  lungs  but  with  the  effects  on 
the  whole  organism.  All  the  complicated  machinery  of  the  body 
is  adapted  and  arranged  to  work  under  what  we  may  call  ordi- 
narj-  atmospheric  jircssurc,  that  is  to  say.  within  the  limits  of  760 
mm.  mercury  at  the  .scii  level  and  about  500  mm.,  correspond- 
ing to  an  altitude  of  ttOOO  feet,  this  being  the  range  of  ordinary 
human  dwellings.  Any  great  increase  or  decrease  of  pressure 
beyond  these  limits  will  affect  not  only  the  exit  of  carbonic  iici<l 
from  and  the  entrance  of  oxygen  into  the  blootl,  but,  in  varying 
degree,  all  the  physical  and  chemical  processes  of  the  body.  A 
gross  iusbauec  of  this  is  seen  when  an  animal  is  suddenly  sub- 
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jected  to  a  greaA  diminution  of  pressure,  tw  wh«n  it  is  placed  in 
the  receiver  of  an  air-piiinii  ami  llin  ri>ceiver  rupidlj-  ujdiitustod. 
The  animal  is  soon  ilirown  into  fatal  convulsions,  which  ari;  in 
part,  but  only  in  part,  due  to  the  liberation  of  gas  from  the  blooil 
within  tlio  blood  vi^tsscls  ;  the  fta»  so  Bet  froB  mechanically  inter- 
feros  with  the  circulivtioii,  as  by  obstructing  the  play  of  the  car- 
diac valves,  or  by  pl»}JK'"ff  •■'•«  smaller  blood  vessels,  and  thus 
helps  to  briiig  Uie  inaehine  to  u  standstill.  The  free  gas  found 
ui  the  vessels  upon  examination  after  death  is  said  to  be  com- 
posed chiefly  of  nitrogen,  the  carlmnie  aoid  and  th<^  oxygen, 
whioli  probably  were  aL<o  set  fi-ee,  having  been  reabsorlted  before 
the  examination  was  made. 

But,  quite  a[>art  from  gross  effects  of  this  kinfl,  it  ia  very 
obvious  tmit  the  organism  must  in  many  ways  suffer  from  a 
diminution  of  pressure.  The  complex  and  dvlioutely  balanced 
vascular  system  m  con^tnictcd  to  work  at  the  ordinary  atmos- 
pheric pressure.  The  fore*  of  the  heart-beat  and  (he  tunie 
oontraetioi)  of  the  small  arteries  are,  so  to  Ki)ettk,  pitehed  to  meet 
tJie  influence  exerte<l  on  the  ontside  of  the  bltKul  vessels  by  the 
ordinary  pressure  of  the  atmosphere  ;  and  any  great  diminution 
of  that  pressure  must  produce  a  greater  or  less  disarrangement 
of  the  vascular  mechanism  until  it  is  counterbalanced  by  some 
compensating  cliauges.  And  a  little  reflection  will  supply  many 
other  iiuttunces. 

We  have  already  called  attention  (§  285)  to  the  fact  that,  the 
total  pressure  of  the  atmosphere  remaining  the  name,  the  partial 
pressure  of  the  oxygen  in  the  inspired  air  may  l>e  reduced  as  low 
as  alwut  76  mm.  (10  p.e.)  without  serioualy  modifying  the 
respiration.  In  onler  to  attain  thU  diminution  of  tlie  partial 
pressure  of  the  oxygen  without  changing  the  composition  of  the 
atmoMpberi'.  the  total  pressure  of  the  atmosphere  must  be  reduced 
to  the  limit  of  •'WO  mm.,  corresponding  to  an  altitude  of  17,000 
feet.  Now  it  is  a  matter  of  common  experience  that  in  asccn<l- 
ing  a  mountain  "distress"  is  felt  long  before  .wch  an  altitude 
is  reached.  The  distrcwi  felt  on  such  occasions  is  probably  due 
not  so  much,  if  indeed  at  all  directly,  to  the  diminution  of  oxygen 
U  to  a  general  dbarrangement  of  the  organism  and  perhaps  more 
particularly  of  the  vasculaa-  system.  The  nose-blcetUng  which  is 
so  frequent  an  occurrence  under  the  circumstiinces  shews  that 
the  minute  blood  vessels  mure  dir«>ctly  exposed  to  the  diminu- 
tion of  prewture  are  profoundly  afTceted  by  it ;  and  what  is  true 
of  tJiem  is,  probidjly.  in  various  ways  and  to  different  degreea 
tme  of  the  whole  vascular  system.  The  breathle.'wness  which  is 
BO  marketl  a  feature  on  these  ot^easions  seems  due  not  so  much 
to  tlje  fact  that  the  blood  wiiich  reaches  tlie  rcsi>iratory  ner\ous 
centres  is  deticicnt  in  oxygen,  as  to  the  fact  tlmt  the  troubled 
vascular  system  fails  to  uotiver  to  those  centres  their  blood  in 
an  adequate  fashion. 
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§  309.  The  Effecta  ^f  Increatt  oj  Atmogpheric  Prtttur*. 
Tlivsu  are  in  mnuy  wttys  reninrkable.  Up  to  a  prt^ssure  of  «ut- 
cnil  lUiiujspheres  of  air,  the  only  Ryinptoma  wliicli  present  them- 
selves ai'e  tlio»e  Hoioewhat  resembling  narcntie  poisoning.  The 
animal  becnmeti  sleepy  and  Htupid,  the  result  pro}>al)ly  not  so 
much  of  respiiatory  eluuipcs.  us  of  the  effects  of  the  increased 
pressure  on  thu  whole  orguiunui  to  which  we  have  just  alluded. 
At  u  prcssui'i!  however  of  lo  tttmosphorcs  of  air.  or  what  amouiita 
to  th«  aaiue  thitiff,  of  3  atmoKphurea  of  oxyguu,  liud  upwards,  a 
very  remarkable  phenomeiioti  presenls  itself.  The  animals  dio 
of  asphyxia  and  conviiUionu,  exactly  in  the  same  way  as  wlicn 
oxygen  in  delieient.  ('nrre.iitnndins;  with  thiit  it  In  found  that 
the  production  of  carbonic  acid  is  ttiminished.  That  is  to  say, 
when  the  pressure  of  the  oxygen  is  increased  beyond  a  certain 
limit,  tile  oxidations  of  the  body  are  dimiiuahed.  and  with  a  still 
further  tiicruaHe  of  the  oxygen  arc  arruetod  altogether.  Tlia 
oxidatiou  of  phosphorus  is  perhaps  aniiloguus  ;  nt  a  high  prw- 
8ure  of  oxygon  piiosptiorus  will  not  burn.  Not  only  aniinall 
but  plunts,  bacteria,  and  organized  ferments,  are  similarly  killed 
by  a  too  great  pressure  of  oxygen. 


SEC.  8.    THE    RELATIONS  OF  THE   RESPIEATORV 
SYSTEM  TO  THE   VASCULAK   AM3   OTHER  SYSTEMS. 

§  310.  Many  events  in  th«  body  shew  th«  influenoe  which 
the  respiratory  niovcininits  I'xert  on  the  etrculiition.  W'hi-n  tlie 
bntin  of  n  living  iiianutiitt  U  fxiioi^eil  \ty  the  removal  of  thu  sknll, 
a  rtirlhniiu  nan  iiiul  full  of  the  cei-ehral  iiias»,  a  [lulsiitioii  of  the 
bruin,  quite  distinct  from  the  movements  caused  by  ihe  pulse  in 
the  arteries  of  the  brain,  in  observed  ;  and  upon  exnniinHtioii  it 
will  be  found  thai  tbche  movements  are  Hyncbionoibi  with  the 
respiratory  inoveiiientfl.  the  brain  ritun;;  up  during  expiration 
and  sinking  durini;  inspiration.  They  disuppcar  when  tne  arte- 
ries going  to  thu  briuu  are  ligulurvd,  or  when  the  venouii  sinuses 
of  the  duru  mater  are  lairl  o[>eii  so  a»  to  admit  of  »  free  escape 
of  Uie  venous  blood.  They  evidently  arise  from  the  explialory 
ntovements  in  some  way  hindering  and  tlie  inspiratory  niove- 
nienttt  a-wiflling  the  return  of  blood  from  tlie  brain.  We  liav« 
already  (§  VH)  stated  that  during  inspinition  the  pi-essure  of 
Uood  in  tlio  grejit  veins  nuiy  beeomc  negative,  i-e.  may  sink 
below  the  jiressure  of  the  atiiiospliere  ;  and  a  punvtui'e  of  one 
of  Uwu  veins  may  oause  death  by  air  being  actually  drawn  into 
the  vein  and  thus  into  the  heart  dining  an  inspiratory  movo 
otent.  When  the  veins  of  an  animal  are  laid  bare  in  the  neck 
an<l  watched,  the  so-called  puhnu  vi^no»ue  may  be  oliserved  in 
them,  that  is,  they  swell  up  durint;  exi)iration  and  diminish  again 
during  inspiration.  And  indeed  a  little  consideration  will  shew 
that  the  expansion  and  eunlructiun  of  the  chest  must  have  a 
decided  ulTeil  on  tlic  flow  of  blood  through  thotliorueic  portion 
of.  luid  thus  indirectly  ou  that  llirough  the  wltolu  of,  the  viw- 
cular  system. 

This  is  well  illustrated  by  the  effects  of  respiration  on  arte- 
rial blood-pressure.  We  have  seen,  while  treating  of  the  circu- 
lation, that  t)ii<  arterial  hi immI- pressure  curves  are  marked  by 
undulations,  whjeh,  since  their  rhythm  is  syncliTDnous  with  titat 
of  the  respirator)'  movenientH,  are  evidently  in  some  way  eon- 
nevted  withrespiniUon.  Similar  undulations  may  be  observed 
in  tbe  |)nlse  tracings  taken  from  man. 
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Pio.  so.     OoMrABHo-c  oi-  BLouu-rnKiiiiriiK  Ci'btk  with  Ccrtb  tiv 

liTTRA-TllQKtCIC     I^KKUCBK.        (Dug.) 

d  is  Uiti  bluod-preaaure  curve  Ukeii  by  nieantt  ol  a  un'rvury  mnnumetPT ;  It 
■hewa  Uic  rtuplratoty  luiduIalioiiM,  Iho  slower  beaLs  oil  tlu^  dusccnt  being  vory 
marki^.  h  In  iI>r  curvu  uf  inlrn-ilioritcii.*  iiiy^iaun:  oblitintd  by  roiiner.tliijc  on« 
limb  uf  a  tuBnoinrtor  witb  Uio  pirurni  nnvlty.  Iimplmilon  tii'gliia  al  f,  vx])lratiuu 
U  f.  Willi  UiF  Iwjciniilnii  o(  lii«plntiou  (f)  the  sspamii'Mt  uf  tbo  ehtsl  caiLies  » 
nurki'd  lull  of  ibi-  uLt-rcury  iti  ibe  ultra- LUoraoio  niknoiuulur;  but  ilio  t-Beut  hikjh 
dlminlitlii-8. 9l[ii:e  tbl^  If^ssidiitii^  of  iiitni-tbondo  prvwrnn;  dooii  Dot  U-'ur  »n  Ilit^ 
mariDniPiicr  iili>iie  but  on  the  lim^  ftlao;  tind  lu  the  lunga  expand  inom  and  niiira 
tlie  full  in  llie  ini'miry  bcooinen  leie  and  Ipsb  unill  townrdii  lli«  pnil  of  iiiiijiiratiou 
Uiu  curve  lii?('uiiivs  very  iii-iirly  u  H<mii;bt  llii>.\  (^jtiverM-ly,  tlie  ralurii  of  Uio 
Chc8l  HI  tliu  bi-gimiiiig  of  eitpimlion  {t)  produces  ui  limt  n  iiiurk«d  lUu  of  th« 
mercury  in  the  initiionictFr ;  but  tliis  noon  er-ist's  ns  ilic  nlr  Icavcdt  the  die»l  and 
tin  luiiga  ahrlnk,  whereapcm  tlie  ineruury  InlU  ilnwiy. 

Wlien  these  iindiilations  of  the  hlocKl-presKure  curve  are 
CCnnparecl  cnrefuUy  with  the  respiratory  movements  nr  with  the ' 
Tariatioiiit  of  intra-thoracic  pressure,  what  is  most  eommonly 
'oliserved  is  that  while  the  blood-proasurf.  on  the  whole,  rises 
(luring  inspiration  and  falls  during  expiration  neither  the  rise 
iior  the  fall  is  nxnctly  i«yiit:]ironou»  with  cither  inspinition  or 
expiration,  Fi;j.  99  bIiows  two  tniciiifrft  from  a  dop  taken  at 
the  siinic  time,  one.  a,  l>eiiig  (he  onliiiary  hIoo(l-iirc8!<urt?  curve 
from  tlie  carotid,  and  the  other,  ft.  representing  the  condition  of 
the  intni-thoranie  pressure  as  ohtained  by  carefully  bringing  a 
nianoiiiftci'  into  connection  with  the  pleural  cavity.  On  com- 
paring the  two  cwrves  it  is  evident  that  neither  the  rise  nor  the 
fall  of  arterial  pressure  Cointides  exat-tly  either  with  inspiration 
or  with  expiration.  At  the  W-giniiing  of  inspiratiuii  (i)  the 
arterial  pressiu-e  i«  seen  lo  he  falling;  it  soon  however  hegiiM 
to  rise,  but  does  not  reach  the  niaxiiinnn  until  some  time  after 
expiration  {e)  has  begun ;  the  fall  continues  dnring  the 
reinniiiih-r  of  expiration,  and  passes  on  into  the  sut^ceeding 
iui^piration.  This  suggests  the  idea  that,  while  inspiration 
tends  to  increase  and  expiration  to  diminish  the  blood-pi-esaure, 
there  are  causes  at  work  which  in  each  case  delay  the  effert. 

Extended  observutiunii  huwever  ahvw  that  such  n  rulutioit  aa 
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tluit  sli«wii  ill  tlie  figure  tltniigh  freqii«i)t  is  not  voiistaiiU  In 
f««l  lh«  effiMjlti  of  tlio  re»iiirrttory  iiiovemeiiln  o»  blooil-pressuru 
lire  fniMul  t<t  vary  very  widely  accortlin^  ai*  the  respiraliwii  w 
quick  or  alow,  easy  and  shallow,  or  lalioured  and  deep,  anrf 
wiK'cially  as  the  air  entms  into  the  chest  readily  or  with  difti- 
onlty.  Moroovor,  respimtory  iindulationa  of  Llood-presnure  are 
wcii  not  oiily  with  iintuiHl  but  also  with  urtiticial  rc.ipiration  ; 
in  the  latter  the  nieehnuio-al  eondiUuiiK  arc  to  a  \urgv  ext^^'nt  the 
reverse  of  those  of  the  former,  and  might  fairly  be  expecli-d  to 
affect  the  circulation  in  a  different  way.  The  caii^tioii  of  these 
rewpirjitory  undulatious  i^  in  fact  com[)lex.  The  i-espiratory  act 
affectH  the  vascular  aystvm  ui  several  different  ways,  ana  iJie 
KCiieml  effect  varius  uecording  m  uiiu  or  other  influence  ia  pre- 
domiiiiuit.  These  iteveral  actions  are  xuQiciently  iutorrating 
and  ijuportfttit  to  dciierve  diitcussion. 

§  311.     'I  he  heart  and  great  blood  vetmeU  are,  lik«  the  lungs, 

filace<l  in  the  air-tight  thoracic  oavity,  and  are  subject  like  the 
lings  to  tlie  pumping  action  of  the  respiratory  movements. 
Wore  there  no  lungs  present  in  the  chest,  the  wliole  force  of  the 
exiuituiun  of  the  thorax  in  inspinitiun  wouUl  be  directed  to 
drawing  blood  from  the  extra-thoraoic  vvsmcIs  towards  the  heart, 
and  eon  verily  inexpinition  the  effect  of  the  reluni  of  the  thorax 
to  it^  pi-eviiiit«  diineMsionii  would  l>e  to  drive  the  blood  lliun 
drawn  in  liack  again  from  the  heiu't  towards  the  extra-thoraeie 
vet»eU.  And,  even  in  the  [ircsence  of  the  lungs,  some  of  this 
effect  is  still  felt.  The  main  purjiose  and  the  main  result  of  the 
expansion  of  the  chest  in  inspiration  is  of  courijie  to  draw  air  int«) 
the  lungs ;  by  that  t-xpansion  the  air  in  the  pulmonary  alveoli 
U  nuifiiil  and  brought  to  a  lower  presnurc  than  that  of  the 
atinoxpht'i'e  oiit^tide  the  chest ;  ami  the  difference  of  pressure 
thus  set  up  leiuU  to  an  inrush  of  inspii-ed  air  until  an  etpiilih* 
rium  of  pressure  is  established  between  the  air  in  the  lungs  and 
that  out^de  the  chest.  Before  however  the  inspired  air  can 
fill  a  pulmonarv  alveolus  the  elantic  walls  of  the  alveolus  have 
to  bo  distendctl.  and  tliat  distension  is  effected  by  means  of  tbe 
pressuiv  which  causes  the  inspired  air  to  enti-r.  Part  of  tlie 
atmospheric  pre«;un!  in  fact  which  causes  tlieentraiictsof  tbeair 
into  the  Inng  in  spent  in  overcoming  the  elasticity  of  the  pul- 
monary passages  and  eells.  So  tliat  while  by  the  inrush  of 
inspired  air  the  difference  of  pressure  between  the  air  inside  the 
pulmonary  alveoli  and  that  outcddo  the  chest,  brought  about  by 
the  thoracic  expansion,  is  completely  neutralized,  the  <litferent« 
bvtwern  the  prwwiire  to  which  the  parts  lying  within  the  thorax 
but  outside  the  lungs  are  cxpu!^-<l  and  that  outside  the  chest  is 
not  so  completely  neutralized.  The  prirssui-e  on  the«e  patt« 
•Iwuys  fulls  short  of  the  pressure  of  the  atmosphere  by  tlie 
•mount  of  pressin'e  nece^utary  to  counterbalance  tlie  elasticity  of 
tJie  pulmonary  passages  and  alveoli.     Consequently,  any  struct- 
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iir«  lying  witliiu  tliw  thorax  hut  om^ulft  th«  biiij^s,  is  iiwvi-r,  wen 
lit  tiw  coiioluKioii  ')f  an  in»pintt ioti  when  the  Itingit  are  tilled  with 
air,  subject  to  a  pressure  as  great  as  that  of  the  atiiiosplwre. 
And,  since  the  fractioo  of  the  atmospheric  pi-essure  whii^h  is  thus 
spent  in  distending  tlie  lungs  incretWL's  as  the  lungs  become  more 
and  more  stretched,  it  follows  that  the  full«r  tlie  inspiration  the 
gruuter  in  the  difference  bctweuu  the  pressure  on  structures 
within  the  tliorux  but  outside  the  lungx  and  the  urdiuury  pres- 
sure of  the  atmosphere.  Now  we  have  seen  that  tlie  pressure 
neoessary  to  counterbalance  the  elasticity  of  the  lungs,  when 
they  are  completely  at  rest  (in  the  pause  between  expiration  and 
inspiration),  is  in  man  about  5  to  7  ram.  of  mercury,  and  that 
when  the  lungs  are  fully  distended,  us  at  the  end  of  a  foreihle 
inspinitiun,  the  pressure  rises  to  as  much  as  SO  mm.  of  mercury. 
Hence  at  the  height  of  a  forcible  inspiiation  the  jircssuro  exert«d 
ou  the  heart  and  great  vessels  within  the  thonu  is  30  mm.  less 
than  the  ordinary  atmospherit;  pressure  of  TfiO  mm.,  and  even 
wlien  the  chest  is  completely  at  rest,  at  the  end  of  an  expiration, 
the  pressure  on  tlie  heart  and  groat  veiwela  is  slightly  (ny  about 
5  mm.  mercury)  below  that  of  the  atmosphere.  \V  e  may  add 
that  any  obstacle  to  the  free  ingress  of  the  inspired  air,  any  ditli- 
culty  in  the  full  expuiisiou  of  the  pulinomiry  alveoli,  of  course 
increases  the  negative  prensm'e  to  which  the  thoracie  structuit-a 
outside  the  lungs  are  tiubjected  by  the  expansion  of  the  chest. 
Hence  when  the  trachea  is  closed  a  very  large  purt  of  the  tho- 
racic expansion  is  directed  to  increasing  the  negative  pressure 
around  the  heart  and  creat  blood  vessels. 

During  an  inspiration  then  the  pressure  around  the  heart  and 
great  blood  vessels  becomes  cousideruhly  less  than  that  of  the 
atmosphere  on  the  vessels  outside  tht!  thorax.  During  expira- 
tion this  pressui-e  returns  towards  that  of  tlie  atmosphere,  hut  in 
ordinary  breathing  never  quite  reaches  it.  It  is  only  in  forcible 
expiration  that  the  pressure  on  the  thoracic  vascular  organs 
reaches  or  exceeds  that  of  the  atmosphere.  Hut  it  during  inspi- 
ration the  pi-essure  bearing  on  the  right  auricle  and  the  venin 
caviH  becomes  toss  than  the  pressure  which  is  hearing  ou  the 
jugular,  subclavian,  and  other  veins  outside  the  thorax,  this 
must  result  in  an  Increased  How  from  the  latter  iido  the  former. 
Hence  during  each  inspiration  a  larger  quantity  of  blood  enters 
ttie  right  side  of  the  iieart.  Tins  probably  leads  to  a  stronger 
stroke  of  the  heart,  and  at  all  events  causes  a  larger  quantity  to 
be  ejected  by  the  right  ventricle  ;  this  causes  a  larger  quantity 
to  escape  from  the  left  ventricle,  and  thus  more  blood  is  thrown 
into  the  aorta,  and  the  arterial  pressure  proportionately  increased. 
During  expiration  the  converse  takes  place.  The  pR-ssure  ou 
Uie  intra- tluiracic  blood  vessels  returns  to  the  iionuul,  the  flow 
of  blood  from  the  veins  outside  the  thorax  into  the  ven«  cavie 
and  right  auricle  is  no  longer  assisted,  and  in  consequence  less 
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blood  pa»4eH  through  tht.-  tieiirt  into  the  uui'tii.  and  arterial  pres- 
mitv  fiills  Hi^iiii.     Diiriuf^  forc«d  cxpirutioii,  thu  iutra-tJioraoic 

Sressure  mHy  be  so  ffreat  as  lo  uffom  a  ilistinol  ob«tuclo  to  the 
uw  fr(^iii  the  v«iii.s  inKi  the  lieait. 

The  effect  of  tlie  respiratory  iiinvementA  on  llie  arteries  is 
nnturallT different  from  ttmt  on  the  veins.  During  inspiration 
the  diminution  of  pressure  in  the  thomx  around  the  aortic  arch 
tends  to  vxpaud  thu  aortic  iirch,  and  thus  to  check  the  onward 
flow  of  blood,  and  to  diunuitih  the  pressure  of  Mood  within  the 
aorta.  During  expinUion,  Uie  iiicrea.se  of  pi-e«suru  outside  the 
aortic  nreh  of  course  tends  to  increase  also  ihe  blood-prcssuro 
wiLliin  the  aorta,  acting  in  fact  jiLst  in  the  same  way  as  if  the 
coats  of  the  aorta  themselves  contracted.  Thus  as  far  an  arterial 
btood-pressure  is  concerned  the  effects  of  the  respiratory  move- 
ments on  the  great  veins  and  great  arteries  res|}ectively  are 
uutugomstic  to  each  other;  the  effect  on  the  bniins  being  to  in- 
crease itrt«rinl  pressure  during  inspiration  and  to  diminish  it 
during  expiration,  while  the  effect  on  the  artenes  is  to  diminish 
arterial  pressure  during  inspiration  and  to  increase  it  during 
expiration.  Hut  we  should  naturally  expect  the  effect  on  the 
thin-walled  veins  to  bo  greater  than  that  on  the  stout  thick- 
vailed  arteries,  so  much  so  that  thu  direct  effect  on  the  arteriea 
may  be  neglected.  That  is  to  any,  we  should  expect  tlio  blood- 
prOMurn  lo  rise  during  inspiratiuu  and  to  fall  during  expiration. 
Thi»  ns  we  have  seen  is  frequently  the  case,  and  iiidet-d  whcu 
the  breathing  is  deep  and  laboured,  and  especially  during  violent 
and  sudden  respiratory  movements,  the  influence  in  this  flirec- 
tion  on  the  blood-pressure  curve  of  the  pumping  action  of  the 
chest  is  unmist likeable. 

In  attempting  however  to  e-stlmat^;  tLc  effect  of  the  respira- 
tory movements  on  blood-pre^isure  wo  must  bear  in  mind  wliat 
Ls  taking  place  in  the  abdomen.  In  inspiration  the  descent  of 
the  diMpliragin  conipresi«e.s  the  abdominal  viscera,  and  so,  wliile 
at  the  very  first  it  drives  a  quaiitity  of  blood  onward  along  the 
inferior  vena  cava,  subsequently  hinders  the  upward  tlow  from 
the  abdomen  and  lower  limbs;  at  the  same  time  by  comprcatnng 
the  abdominal  aorta,  it  tends  tu  raise  the  pressure  in  the  thoracic 
aorta  and  its  branelies,  while  lowering  that  of  the  ubdoininad 
aorta  and  its  branches.  The  effect  of  c;ii*y  expiration  would  be 
the  converse  of  this;  but  in  forced  expiration  the  pressure  of 
the  contracting  abdominal  miLtclea  would,  as  an  inspiration,  first 
tend  to  drive  the  blood  onward  along  the  vena  cava  but  subse- 
quently to  hinder  the  flow  both  along  the  vena  cava  and  the 
aorta.  The  effect  of  the  abdominal  movements  therefore  is 
mixed  and  variable,  and  their  induenee  on  the  bloo<I-pi-ossure 
iu  tin)  fcmond  artery  must  be  different  from  that  on  the  radial 
artery  or  other  bmnch  of  the  tlioracic  aorta.  It  is  difHcuIt  to 
predict  what  in  all  cases  tlie  effect  would  be;  and  the  matter 
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oftiiiiol  be  HeLileil  tiy  elimiiuitinff  the  inovemeuta  of  the  di^ 
phragm  through  section  of  thfl'^uenic  norviis.  n'mce  in  such  a  <!aM 
tlio  H'itole  working  of  the  resjiiratory  pump  is  muturially  affected. 
§  313.  In  additiou  tu  the  itiUuuiiue  thus  ttxcrt^d  hy  the 
thoriKiic  movL-mcuts  on  the  gix-at  veins  leu<lin^  to,  ami  the  gruat 
artorius  luadiiij;  from  the  lieurU  w'l;  have  to  consitler  the  be- 
haviour of  the  piilinouary  veM^eU  tlieni»elvea  under  tlie  varying 
tlioracio  preswure.  These,  like  the  veniB  cavje  and  aortii.  tend 
to  expand  under  the  influen<ie  of  the  inspiratory  expanaion  of 
the  chest,  and  thus  to  become  fiillcr  of  blood,  very  much  aa  they 
would  if  tha  whole  lung  wcri-  placed  under  a  large  cuppiug- 
glosa.  The  tirBt  efi'ccl  of  this  increusud  filliu-;  of  the  pulmonary 
vesaclx  would  be  to  rutaiu  fur  u  while  u  cerluiii  quantity  of 
blood  in  the  lnng»  and  thus  to  lessen  the  iinionnt  falling  into 
the  left  auricle.  But  this  would  be  temporiiiy  only;  and  the 
widening  uf  the  pulmonary  vessels  would  speedily  produce  an 
exactly  contrary  ufii>ct,  namely,  au  increased  flow  through  the 
lungs  due  to  the  dimijiishcd  roslstunce  offered  by  the  widened 
passages.  Conversely,  the  lirst  vEfeot  of  exjiirattou  would  he 
an  increased  flow  into  the  left  auricle  due  to  the  additional 
quantity  of  blood  driven  onward*  by  the  partial  collapse  of  the 

gulmonary  vewtels,  followed  by  a  more  signiticant  diminished 
ow  caused  by  the  greater  resistance  now  oBitred  by  the  nsir- 
rower  ^-ascular  channels.  Thus  the  effect  of  insmratiim  in  this 
way  would  bo  fii-st  to  diminish  the  flow  into  the  left  auricle  and 
so  into  the  left  ventricle,  but  afterwards,  for  the  rest  of  the 
imtpiration  until  the  beginning  of  expinittou,  to  increaso  the 
flow  into  tlm  ventricle;  while  conversely  the  effect  of  expiio* 
tion  wiiuld  be  first,  for  a  brief  period,  to  increase  and  nfter- 
wards,  during  the  rest  of  the  movement,  to  dimiiiixh  the  flow 
of  Wood  into  the  left  ventricle.  Further,  while  this  may  be 
considered  as  the  effect  on  the  pulmonaiy  vessels,  large  and 
small  taken  altogether,  the  intiuyncc  both  of  the  thoracic  ttega- 
Uvts  pressure  dtiring  inspiration,  and  the  return  in  a  positive 
dirceliou  during  expiration,  will  bear  more  on  the  thin•^VIdled 
puluionnry  veins  than  on  the  stouter  pnlinouury  urU-ry;  that  is 
to  say,  iLS  inspiration  liecomes  established,  thpre  will  l)e  n  <)inii- 
nution  of  pratsure  in  the  pulmonary  veins  greater  than  Ihat  in 
the  pulmonary  artery,  and  this  will  be  an  additional  influence 
favouring  the  flow  into  the  left  ventricle;  during  expiration  a 
similar  difference  of  effect  will  bo  felt  in  the  contrary  direction. 
During  the  iuervase  of  flow  into  the  ventricle,  the  quan- 
tity of  blood  ejected  at  cacli  titroke  will  iucreaso,  and  eaeh 
stroke  will  (§  140)  be  increased  in  vigour,  in  consequence  of 
which  tlio  arterial  pressure  will  rise.  Converst-ly.  during  the 
decrease  of  flow  into  the  ventricle,  the  arterial  pressure  will 
(all.  Hence  the  general  effect  of  the  movements  of  the  cheat 
on  the  pulmonary  vessels  will  be  during  the  beginning  of  iu- 


CiiAF.  II.]  KESI'IKATION.  BOS 

spirstion  to  ccmtinue  the  lowering  of  art«ruil  pr«w9ure  which 
wiM  takiii);  place  during  expiration  but  subsetiueittly  to  raise 
the  arterial  pressure;  and  conversely  at  the  bej^innitipr  of  vx- 
pimtinn  to  continue  the  rine  of  arterial  pressure  which  was 
taking  place  during  inspiration  but  Hul^equently  to  lower 
arterial  prcsauro.  In  ordinary  breatbipiK.  as  we  have  seen, 
what  may  be  voiisiilerod  a«  the  iiunual  n-httiont;  of  blood-pres- 
aure  to  the  ro»piratory  movements  are  precisely  of  this  kind. 

§  313.  KITecls  of  the  respiratory  movemenls.  Iiowcver,  arc 
seen  not  only  in  natural  but  nlttn  in  anitioiat  rei<pirati»u. 
When,  for  inatanee.  in  an  animal  ituder  tirari.  artificial  i»  Hiib> 
stituted  for  natural  respiration.  un4lulat.ions  of  the  blood-pres- 
sure curve.  synfhroiioiiB  with  the  respiratory  movements,  are 
litUI  observed  (Fifj.  100),  though  fjenerally  lesa  in  extent  than 
those  seen  under  nntiiral  couditiimi^. 

Now  in  artificial  reitpiration,  the  meclianical  conditioiu  under 
which  the  thoracic  viscera  are  placed  tw  regard;*  pi-e»iBure  are 
the  exact  op])otiite  of  those  existing  durine  natural  respiration, 
for  when  air  is  blown  into  the  trachea  to  distend  the  lungs,  (he 

tresaure  within  the  che«t  is  increased  instead  of  diminished. 
Jmler  these  cireumstancfs,  applying  the  considerations  laid 
down  in  the  preceding  paragraph  with  regard  to  natural  respi- 
ration, wc  Mhotild  ex{>ect  to  lind  that  while  the  iirst  effect  of  an 
artificial  inspiration  would  l>e  to  drive  an  additional  quantity 
of  blood  out  of  the  lungs  into  the  left  ventricle,  and  thus  to 
raiM  arterial  pressiii-e.  this  would  he  in  luni  followed  by  a  fall 
of  arterial  iiressure  due  to  the  increased  resistance  otTereil  both 
tA  the  [uissage  of  blood  through  the  lungs  and  to  the  entrance 
of  blood  through  the  veniu  cava;  into  the  right  auricle.  Con- 
rcn«ely,  the  effect  of  the  itucoocding  expiration  would  Im  an 
initial  continuance  of  the  fall  of  arterial  prewture  succeeded  by 
»  rise.  In  other  words,  we  should  expect  to  find  in  artificial 
respimtioii  effects  exactly  tlie  reverse  of  those  which  we  find  in 
normal  respiration;  and  indeed  in  many  curves  of  blood>pres- 
nin  taken  during  artiticial  respiration  tills  is  the  case. 

According  l«  the  explanation  given  above,  the  total  effect 
of  each  respinitory  movement,  both  of  inspiration  and  expira- 
tion, whether  natural  or  artificial,  being  the  result  of  two  factors 
acting  iu  contnir^*  ilirections,  one  an  initial  one  acting  only  at 
tlie  mere  establishment  of  inspiration  or  expiration,  the  other 
sequent  and  acting  during  the  continuance  of  the  inspiratory 
or  expiratory  phase,  ought  to  differ  according  to  the  character 
of  the  respiratory  movement.  If,  for  instance,  the  respiration 
IB  rapi<I,  and  each  movement  brief,  the  first  factor  will  be  more 
prominent  than  the  second;  on  the  contrary  the  second  factor 
will  be  prominent  if  the  respiration  be  slow  and  each  phase  be 
prolmigird :  and  tlie  total  enects  will  differ  in  the  two  eases. 
We  should  expect  tlterefore  to  find,  what  we  do  lind,  that  twtJi 
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in  natural  Rtid  in  artificml  ■'espiration,  the  featiirex  of  the  blood- 
pressure  curve  vary  according  as  the  breathtnff  is  hurried  or 
slow,  shallow  or  ducp.  ami  uccording  to  the  fiwiiUty  with  which 
air  enters  the  chi!»it.  Su  much  so  lutloed  is  tliii;  the  case  that 
nt  tiiiios  the  hlood-preesure  curvvs  of  natural  and  urtificial 
respiration  may  olosely  resemble  eaeli  other. 

§  314.  We  have  even  in  normal  quiet  brealhiiifr  indications  i 
of  anotlier  kind  of  influence  of  respiration  on  the  heat  of  the 
heart.  One  striking  feature  of  the  respiratory  undulation  in 
the  blood-pitssuro  curve  of  the  dog  is  the  fact  that  the  pulse- 
rate  is  quiekcned  during  the  rise  of  the  undulation  and  becomes 
slower  during  the  fall ;  see  Fig.  99.  A  siiniliir  inQm'nie  may  bo 
Bceu  in  the  hlood-pressiire  curves  of  nome  other  uuiuiids,  but  is 
slight  or  (lUsent  in  others,  such  u»  the  rubhit;  it  may  be  recog- 
nised in  pulse-tracings  taken  from  man.  Now  tlii.-*  influence  is 
at  oiKre  done  away  with,  without  any  other  essential  change  in  the 
undulations,  by  section  of  both  vagus  nerves.  Evidentlv  the 
slower  pulse  during  the  full  is  ctiuscu  hy  a  coincident  stimulation 
of  the  eardio-inhibitory  centra  in  tliespinal  bulb,  the  quicker  pulse 
during  the  rise  hoiiig  due  to  the  fact  that,  iluring  that  interval, 
the  centre  is  comparatively  at  rest.  We  have  here  indications 
that,  while  the  rewpinvtory  centre  in  the  spinal  imlb  is  at  work, 
sending  out  rhj'tlimie  impulses  of  inspiration  and  expiration,  the 
neighl)ouring  eardio-inhibitory  centre  is,  as  it  were  by  sympathy, 
thrown  into  an  activity  of  sucli  a  kind  that  its  influence  over  the 
heart  waxes  with  each  expiration  and  wanes  with  cacli  inspiration. 

S  315.  IJesidcs  the  meclianical  cITeets  of  the  respiratory 
movements  the  va.teular  syt*lftm  is  influenced  by  respiration 
throngii  tlie  changes  in  the  ga-tes  of  the  hlood.  The  many 
and  varied  changea  which  take  place  in  the  vascular  ttyst«m 
when  the  blood  fails  to  he  duly  arterialized  are  well 
brought  out  by  a  study  of  asphyxia.  The  exaggerated 
respiratory  movements  and  convulsive  struggles  which  are 
characteristic  of  tliis  condition,  introduce  mechanical  and 
other  complications  wliieli  it  may  be  well  in  the  lirst  instancu 
to  eliminate  ;  this  can  rea<lily  lie  done  hy  phLcing  the  animal 
under  urari.  If  in  an  animal  (dog)  under  iirari  the  artiilcial 
respiration,  necessary  under  the  circumstances  for  the  due 
wrteria  ligation  of  the  blood,  be  stopped  the  blood -pressure 
curve  soon  shews  striking  change-s,  ef.  Fig.  100.  The  mean  pres- 
KUre  after  a  brief  period,  thu  length  of  which  depends  on  the 
character  of  the  previous  artificial  respiration,  begins  Ut  rise, 
and  continues  to  rise,  at  llrst  slowly,  afterward!*  more  rapidly, 
until  finally  it  may  reach  the  double  or  even  more  of  its  pi-e- 
viou.t  height.  On  the  curve  of  pressure  the  indications  of  tlie 
heart'heats  are  conspicuous.  This  is  due  on  the  one  hand  lo 
the  rhythm  of  the  heart>  being  slowed,  and  on  the  other  haml 
to  the  output  at  each   beat,   as  sliewu   hy  dirvct   ohsurvntiou 
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with  the  cardiometer.  l)einj;  increased.  The  slowing  of  tlic 
rhythm  is  in  part  due  to  vagUH  iiihihitory  action,  the  too 
venous  blood  uxciting  the  bulbar  Dardio-inhiuitory  centre ;  for 
tbv  effect  itt  lauch  leiw  when  botli  vugus  nerves  are  divided. 
But  as  illustrated  by  Fig.  100,  which  ix  li  curve  of  blooJ-pre»sure 
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Fis.  100.   BLOorvPnEMoaa  Ccnru  ituntira  a  SuarBmoH  or  BHBiTHnro. 

Th«  nima  1 ,  2,  X.  4,  IV  uv  portions  seloctod  (ram  onn  looK  contlniKm*  troefnic 
fomiiiiK  ili«  recotvl  of  a  tirolonged  obsenatlon,  M>  tbai  ihe  MT«r»l  ciutps  i«im- 
■ml  suci-pimive  itnera  of  the  same  ezperluiviiU     Eaeb  curre  is  placed  in  !u 

Kpcr  ponitjon  rtlativi-  lo  the  bim.-  lino,  wbicli.  lo  save  (piiFi.-.  ia  umitlcd  ;  and 
1  nlwIoUK  thnt.  xtnnlns  Irom  the  BLogv  rrprmcntrd  by  1,  thi-  blood ■pr«a>uR 
ni'i'A  In  '■[at;''''  '-•  ''<  ami  4,  bxn  taiin  again  In  nagc  fi.  Carvn  I  la  ukcn  frnm 
a  period  whfii  artlllui.tl  res|jiratlcin  wsa  beins  kept  op,  and  thn  undulailiMia 
vUiblo  Me  lUoae  lh«  naluro  of  nhloli  liaa  been  diaoiuaed  ;  tlie  vaKUS  tiervt* 
ImtIok  been  cut  the  piiljuitions  on  Ib<^  lutcptil  and  duwcot  of  the  undulationa  do 
not  diner.  Whrn  thn  artlflr.lnl  rcapimtlon  xraii  suaprndrd  thcac  undulaUotia  dis- 
upnurd,  and  Ilia  blood-preaaura  roco  M«sul\ly  whlln  thn  hrart-bpaia  IwrAtnc 
aioinT.  Soon,  aa  ahewn  in  curve  S>  >iew  aiKl<iUU<>iL«  appeared.  A  little  later, 
tlM  Uood'praMun!  wiu  iitill  riiinc.  tliv  heurt-btMa  SIIU  aluvrer,  but  Uie  OikIuIa- 
tkmsillll  more  obvioim  (currr.'j).  Still  luior  (curve  4).  the  i>Tesaure  waa  atiU 
Ugber,  bat  the  hpari'lM'nt])  wfira  iiolckar,  anil  the  undu]nllona  natter,  "nie  |vca- 
nre  Uiob  begM  to  fall  rapidly  (com  £},  and  oontlnaod  to  tall  oatU  aoDie  time 
Itltr  UtiScUt  reapinllun  uraa  raauiiwd. 

daring  aApbyxla  after  division  of  both  vagus  nerves,  the  effect 
U  not  wholly  done  iiwuy ;  the  slowing  is  in  part  due  to  i>lher 
MOWS,  but  wliat  these  are  is  not  very  clear. 

These  ohongea  in  the  heart  in  no  way  explain  the  rise  of 
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preBcture ;  that  is  obviously  duo  to  h  very  great  increase  of  periph- 
eral resistance,  the  hcurt  contributing  to  the  result  only  so  far 
that  its  output  (lous  nut  diniinish  un  the  {^iorip}iera1  resistance 
iuureuses,  or  indeed  may  at  lirMt,  at  leattt,  somewhat  incrtuisu. 
That  the  j>eripheral  resistance  is  due  to  a  large  vasn-constriction 
brought  about  by  the  too  venous  lilood  stimulating  the  bulbar 
vaao-motor  centre  is  shewn  by  the  faot  that  th«  rise  of  pressure 
is  far  leas,  indeed  very  small,  if  the  cord  be  divided  below  the 
bulb ;  only  a  small  part,  at  most,  of  the  peripheral  resistance 
can  he  attributed  to  the  difficulty  which  the  blood,  on  account 
of  its  increasing  venosity,  finds  iii  passing  through  llie  capil- 
laries (§  163). 

If  a  limb  be  placed  in  a  plethysmograph  during  thi»  rise  of 
pressure,  its  volume  i»  found  to  increase  ;  and  the  same  is  true 
of  the  brain.  This  shews  that  the  vaso-constnction  does  not 
take  place  to  any  great  extent  in  the  skin  (or  the  muscles)  of 
the  Umb  or  in  the  brain.  No  such  increase  of  volume  is  seen 
in  the  kidney  or  other  abdominal  organs.  Hence  we  may  con- 
clude that  the  vaao-eunstriction  is,  in  the  main,  one  of  the 
splanchnic  area  and  not  of  the  skin,  or  indeed  of  the  i-est  of 
the  body. 

If  the  pressure  in  the  pulmonary  artery  be  examined  this 
ia  fniuid  to  increase,  even  out  of  proportion  to  the  increase  of 
the  systemic  pressure.  We  may  infer  tliat  the  peripheral  resist- 
ance in  the  liuigs  is  very  largely  increased ;  and  we  may  also 
probably  infer  that  the  resistance  is  due  to  vaso-constriction, 
though  possibly  the  too  venou«  blood  may  And  iucrcaned  diffi- 
culty in  traversing  the  pulmonary  capillaries. 

The  high  arterial  pressure  both  on  the  left  and  right  sides 
leads  to  great  distension  of  the  ventricles,  and  thia  is  still 
further  increased  on  the  right  side  by  the  large  quantity  of 
blood  which  the  high  systemic  pressiiro  is  able  to  discharge 
into  the  venic  cavie  through  the  vascular  areas  in  which  do 
vaso-constriction  is  taking  jiUice. 

These  then  are  the  main  features  of  the  circulation  during 
asphyxia  (under  ururi):  high  systemic  pressure  due  chiefly  to 
vaso-constriction  in  the  splanchnic  area;  high  pulmonary  pres- 
sure due  to  high  pulmonary  resistance,  working  against  an 
ample  supply  of  venous  blood  to  the  right  ventricle;  a  heart 
beating  slowly,  but  with  increased  oiitjmt,  and  increasing  *lis- 
teusion  of  both  ventricles  (leading  to  distension  of  the  auricles) 
but  greater  perhaps  on  the  right  side. 

This  8tat«  of  things  however  lasts  for  u  certain  time  only; 
the  blood-prewiure  soon  begins  to  fall,  and  falling  rapidly  soon 
beiMimes  very  low.  The  diminished  energy  of  the  heart-lwats, 
the  output  at  the  systole  diminishing  greatly  though  the  dia- 
stolic di.steosion  remains,  is  sntlicicnt  to  account  for  this  fall: 
and  indeed  that  the  fall  is  not  due  ti>  leHsetiing  of  llie  periph- 
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emi  reaUtaiice  by  slackeninj^  of  the  vaso-constriction  is  nhewn 
by  the  fact  that  if  the  artiticial  resuiration  be  resumed  while 
tfiis  fall  is  taking  phice.  or  whvn  it  iia»  taken  place,  the  pre»- 
siirt!  at  unci!  rises  a^ani  v«iv  rapiilly  ns  ihf  heart  recovers  it« 
power,  Bhowinp  thiil  the  vaso-constricliuii  is  Blill  at  work. 
The  (liiniiiiNhecl  energy  nf  the  heart  beat  in  due  to  the  nutrition 
of  the  cardiac  tissue  Huffering  under  the  increasinj^  venosity  of 
the  blood,  and  if  the  air  continue  to  fail  to  get  accefts  to 
the  blootl  in  the  lungs,  the  heart  finally  ceases  to  beat.  The 
right  side,  by  virtu«  of  what  appears  to  be  an  inherent  quality, 
continues  to  beat  nitlior  longer  ihan  the  left:  but  thr 
puliniHwry  iwriphiMiil  rfsistiince  ciinttniiiiig,  the  efforts  of  the 
right  venlric^le  to  empty  il«f  If  are  ineflecliui!;  and  »t  death  it 
18  the  right  side  whico  is  especially  distended. 

In  an  animal,  not  under  urari,  and  dying  by  asphyxia  in  an 
ordinary  way,  tlic  phenomena  are  in  the  main  the  same  as  those 
of  which  we  have  just  given  a  sketch;  but  as  wc  have  said  the 
cxaggeralt'd  respiratory  inovvmenl«,  and  especially  the  convul- 
sive struggles,  in  wluch  tliuse  cnlniinale,  introduce  eompltca- 
tioiut.  I'erhaiw  the  most  marked  of  theso  is  the  increased 
venous  inflow  to  the  right  side  of  the  heart,  of  which  these 
movementii  are  tlie  cause,  for  as  we  have  seen  all  the  move- 
ments in  question  augment  the  flow  along  the  veins  to  the 
heart.  Hut  the  pulmonary  (wriphoral  resistance  is  a  liar  to 
the  progress  to  the  left  side,  and  hence  the  right  side  becomes 
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During  uspliyxin,  under  uritri,  the  blood-pressure  curve 
8hew8  other  certain  interesting  featnres  deserving  of  attention. 

UfMin  the  cessation  of  the  artificial  respiration,  the  respiratory 
undulationii  of  course  ceaae  also,  so  that  the  blood-pressure  curve 
rises  at  first  steadily  broken  only  by  the  heart-beata  ;  yet  after 
n  while  new  undulations,  the  so-ealled  Trauhe  or  Traulre-Ilering 
cur^■es,  make  their  appearance  (Kig.  100.  2,  li),  similar  to  the 
previous  ones,  except  that  their  curves  are  larger  and  of  a  more 
sweeping  character.  These  new  undulations,  since  they  ap{)ear 
in  the  absence  of  all  thoracic  or  pulmonary  movements,  passive 
or  active,  and  are  witnessed  even  when  both  vagi  are  cut.  must 
be  of  va>H)-motorial  origin  ;  tlic  rliythmic  rise  must  be  due  to  a 
rhythmic  constriction  of  the  small  arteries;  and  this  probably  is 
caused  by  a  rhythmic  discbmrge  from  vaao-mutor  centres,  and 
ospecially  from  the  hullKir  vnso-motor  centre.  The  imdulu- 
tions  are  maintained  so  long  a:*  the  I)loo<i-pressure  continne»  to 
rise.  With  the  increasing  venasity  of  the  blood,  the  vaso-motor 
centres  become  enfeebled  and  the  tmdulations  disappear. 

We  may  here  incidentally  nimark  that  the  occurrence  of 
long  slow  undulations  is  not  dependent  on  the  oessulion  of  the 

C:ory  movements,  and  on  an  abnormally  venous  eonditiou 
)luod.     They  are  souietiine-s  (Fig.  101)  bcco  in  an  animal 
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n-bose  breathing  is  fairly  nonnal.  We  need  not  dtscns  tiim 
any  further  uuw,  and  have  iutrmluced  them  chiefly  to  illnstnK 
the  fiiut  lliat  the  va^tn-inotor  nervous  aysteiu  is  lipt  to  fall  into* 
condition  of  rliytbmic  activity. 


Fio.  101.  BLOoii-PiiKtniTTiB  Cvnvs  op  >  RAHarr.  kkcokdsd  ok  «  tunni 
uuvixd  st-Mii-ACi:,  TO  *iie<v  TiAiriuc-tUsncc  Cusvk*. 

(TliR  ciirvR  WOK  drxcrilipU  not  by  mcnnint  ■  mRKary  nuuKiaiMcr,  bat  bf  a 
liMtnimcnt  tlitilJnr  to  bill  not  Idcnllcnl  with  KIck'a  Rprillit-kysia|p«ph.)  In  od 
li^nrt-ViiNii  Ui>>  ii(>wanl  ami  itomnwartl  itroke  xre  vc^  ctuM  loimbvr  bin  najii 
viutily  ilisliiiKiilfliitd  by  lliv  liclp  ut  &  l«u4.  The  uudnlalioiu  of  the  at\t  frin 
are  iliosu  of  reapirali'Mi.  Tlif  wridpr  mtep»  aro  Ihe  Tnulx-lfeTiiis  cutn^  'I 
nhieh  tnucumplcte  uurvcrinnd  portions  of  twDothcmuc^cmi.  ^iel)Tiut<- 
llt^rlng  curvt!  Rnmprismi  nboiii.  Mnr  irRpIratory  curTm,aDdncb  mfilltuirj  rvT" 
about  tlie  same  ouiaber  ol  bcait-boau. 

§  316.  While  ohanj^ett  occurring  primarily  in  t)i«  re^ipiit- 
tfiry  8yst<?ni  thus  affect  the  vascular  syst«ra,  conversely  cUangw 
occurring  primarily  in  the  vascular  syotem  affect  the  respira- 
tory systi'ni. 

Of  tlwsK  the  most  common  tiud  important  however  an 
changes  in  the  cireuliition  tlirou<;b  thu  luu^.  In  the  noniiil 
organism  an  Adequate  supply  of  nrterial  Idood  to  tli«  tusHS 
Is  secured  L>y  an  adequate  renewal  of  the  air  in  llic  ptdntotuiT 
alveoli  and  an  adequately  rapid  How  of  blood  through  ilie  pitt- 
raoniiry  capilUries.  When,  as  by  obstruction  in  the  pulmooiry 
arterioH.  or  by  failure  of  the  cardiac  valves,  or.  and  pcri»»fl 
QsiK^cinlly,  by  an  ijisiifficient  cardiac  stroke,  the  stream  of  hloM 
from  the  lungs  iuto  thii  left  VL-intriclc  is  lessenud  i-itli«r  in 
amount  or  in  ra])idity,  less  oxygen  is  currivd  to  the  thsats. 
including  the  nervnim  li.taue  of  the  Kjiinal  bnlli,  »nd  dYspiiii^a  >■ 
■•want  ot  breath  "  follows.  When  the  circulation  through  li* 
lungs  is  in  full  healthy  smug,  the  hirmoglobin  of  the  red  «t* 
pusclcs  is  as  wc  have  seen  saturated  or  nearly  saturated 
oxygen.  If  owing  to  a  slower  stream  tlte  red  corpuscles  i 
longer  in  their  pa^tsiige  along  the  wnlls  of  Uie  pulmonary  all 
they  cannot  tliereby  tnke  up  a  compensiiting  addition  of 
gen,  indeed  it  in  doubtful  if  they  c»n  take  up  any  addittc 
oxygen  at  all.     The  blood  falling  under  tlies£  clruum^t 
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.ulo  Uie  left  vcntriclp  and  mnt  tlienc«  over  the  body  is  not 
moro  artoriul  tlian  usual ;  at  the  siiini'  time  the  amount  of  blood 
tent  out  ut  uuch  huttrl  struku  is  li;ss.  uftuii  muL^b  \vsa,  than  the 
niinnal;  and  tlie  spiniil  bulb  as  well  as  thv  other  titMucs  suffer 
in  consei^uence  from  ii  deficiency  "f  "xygt-ii.  The  deficient 
nipply  tA  the  bulb  inanifeHta  itnelf  in  dyHprnt-tc  or  at  leA»t  in 
Ubonred  breathing,  which  somotimca  through  the  nieohanical 
infliienccs  disciuised  above  liiis  thu  Imjuiy  rc8idt  of  imjiroving 
lti(T [iidinonary  eiri:ulutioii  und  so  produL-tsD  comptiuratin^  effectft. 
When  llie  pulmonary  iirlcry  i"  »uildunly  plujjjji;d  witli  a  elot 
Ui«  primary  and  urgent  Bymptoni  is  "want  of  breath,"  though 
ttrenlern  freely  into  the  chest;  and  "cardiac  dyspntta"  is  a 
ommicin  s^inptom  of  cardiac  disea-te. 

5  317.  Other  syst^^-ms  of  the  body  are  also  related  to  the 
tejjiinilory  systi-m,  thouijb  by  ties  less  striking  than  those 
whifli  buid  to  it  the  v;iacular  system.  We  have  seen  that 
iletiuient  arU;riulization  of  (lie  bkiuil  stirs  up  the  mtiscleM  of 
the  alimentary  canal  to  increased  activity,  and  we  sball  pres- 
eallysee  that  the  same  condition  has  a  notable  elTeet  in  prn- 
aiotisg  the  per.ipiration ;  it  probably  ha»  a  similar  influence 
«Wr  other  secretions.  On  the  other  hand,  as  we  have  seen 
JSOil,  there  are  reasons  for  thiiUiiug  that  the  activity  of  the 
mpintory  centre  and  so  the  energy  of  the  whole  respirsttory 
Mi4  Influeneed  by  chemical  cliun^es,  utlier  titan  liie  deeix'ase 
Uozvgenand  increase  of  carbonic  acid,  brought  about  in  the 
Uwd  by  the  activity  of  the  skeletal  mu.scles. 

The  closeness  and  the  intricacy  of  the  ties  which  thus  con- 
■Kt  the  respiratory  system  witli  almost  all  parts  of  the  body 
■ly  be  illustrated  by  eousidering  the  effects  of  muscular  worfc 
Do  llie  body,  and  the  conditions  which,  uj^irl  f  mtn  t)ie  capacity 
[the  moscles  theni^lves  and  of  the  motor  nervous  apparatus 
~ch  puts  them  to  work,  determine  the  power  of  the  body 
■  work.  During  work.  eRi>cciaIIy  arduous  work,  the  mufi- 
contractions  rob  the  blood  of  much  oxygen  and  load  it 
much  carbonic  acid.  This  change  in  the  blood  would 
ioercasv  the  activity  of  the  rcspinilory  centre  and  the 
~kof  tlie  resijiratory  moventeiits,  and  ruight  Ik-  suHicieiit 
BUch  lui  increase  of  these  movement.'*  thai  the  defi- 
of  oxygen  and  increase  of  carbonic  acid  should  never 
ep  certain  limits.  But.  as  we  have  said,  apparently  other 
^iwlucts  of  musculai'  metabolism  act  so  )>otently  m  stimulating 
Uuf  respiratory  centre  that  the  respiratory  movcraentrt  arc  nmr« 
Um  sutlicient  to  compensate  the  changes  In  the  ga»e«  of  the 
liood.  The  cflicaey  of  the  augmented  resplnitory  movements 
lanach  increased  by  a  concomitant  Iiicrca,se  in  cardiac  activity 
kid  a  swifter  or  fulltir  stream  of  blood  through  the  lungs; 
^deed  unless  backed  up  by  the  cardiac  increase  the  mere 
knease  of  the  pulmonary  ventilatiou  might  provo  inadequat^^^. 
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Hltici?  till!  capucity  for  tinluuiis  uiiisijultir  labour  is  dcter- 
miiieil  not  by  the  i-espinitory  mechanwrn  alone,  nor  by  the 
vascular  nystem  alone,  but  by  both,  aiid  enpecinlly  by  both 
working  together  in  harmony  and  concert.  The  increased 
ventilation  would  be  idle  unless  it  were  accompanied  by  a 
quicker  circulation,  aud  tbo  quicker  circulation  would  simi. 
larly  be  of  compurativvly  little  use  unless  accompanied  by 
iiiereused  ventilation.  To  a  bystander  the  working  of  the 
respiratory  pump  is  niueli  more  obvious  than  that  of  (he  vascular 
system,  and  indeed  the  subject  him.self  is  much  more  directly 
oonscious  of  changes  in  the  former  than  of  changes  in  the  lat- 
ter. Hence  when  the  organism  cciihcs  to  be  able  to  meet  the 
demHnds  wliieh  the  labour  is  making  upon  it,  tlie  subject  is 
said  to  be  "  out  of  breath,"  though  in  a  large  number  ot  cases 
the  failure  lies  much  more  iit  the  door  of  the  vu^cuhir  than  of 
the  resjiiratory  system.  And,  as  a  nile,  it  may  jHjrhaps  be 
said  that  when  two  men  differ  in  llieir  capacity  for  strenuous 
work,  such  as  running  a  race,  the  diffcrenre,  thnngh  it  is  often 
familiarly  spoken  of  as  one  of  "wind""  or  power  of  In-eatbing, 
is  in  reality  not  a  difference  in  ventilating  capacity  but  a  dif- 
ference in  the  power  of  the  heart  to  keep  up  to  and  work  in 
harmony  with  the  increased  rcs|)iratory  movements. 

Thus  tliere  are  tivo  main  faclurs  in  respiration,  the  respira- 
tory meehaTiisni  proper,  and  the  circnlatiiiti,  the  one  bringing 
the  air  to  the  blood,  and  the  other  the  hinod  to  the  air.  We 
may  remind  the  reader  that  there  ia  also  a  third  fat^tor,  and  that 
one  of  great  moment,  the  amount  of  ha>moglobin,  that  is,  the, 
number  ot  red  corpuscles,  in  the  blood.  The  amount  of  oxygen 
taken  up  from  the  lungs  depends  not  only  on  the  strokes  of  the"^ 
respiratory  and  the  vascular  pinnps  but  also  on  the  richness  of 
the  blood  in  red  corpuscles.  A  body  wbicli  from  loss  of  blood 
or  from  disea-se  is  aiia'uiic  is  thro\vn  out  of  breath  by  very  slight 
exertion,  not  so  much  because  the  respiratory  or  the  vascular 
pump  ia  weak,  but  becanse.  through  lack  of  oxygen-carriers, 
with  their  best  eflorts  the  combined  pumps  can  only  deliver  to 
the  tissues,  including  the  medulla,  an  madequate  supply  of 
oxygen.  And  fat  persons,  whoso  store  of  lia'moglobin  in  pro- 
portion to  tlieir  body  weight  is  always  below  par,  are  provcriii- 
»Uy  '*  scant  of  breath." 


SEC.   S.      MODIFIED  RESPIRATORY  MOVEMENTS. 

§  318.  The  respirntory  mechanism  with  its  adjuncto,  in 
addition  to  it^  respiratory  function,  becomes  of  service,  eeiieoijiUy 
in  the  caae  of  man,  aa  a  mwin*  of  expressing  emotions.  Th* 
respiratory  column  of  air,  moruovvr,  in  its  exit  from  the  chest, 
is  frvfiueutly  luudc  use  of  lu  a  inuuhuiiicul  way  to  expel  bodies 
from  the  upper  air-piuwaj^s.  Hence  arise  a  numbvr  of  pecul- 
iarly motlitied  and  nnn-e  or  less  complicated  rwipiratorj-  move- 
ments, sighing,  coughing,  laughter,  Sk.  adapted  to  secure  special 
ends  which  are  not  distinctly  respiratory.  They  are  all  essen- 
tially reflex  in  character,  the  stimulus  determining  each  move- 
ment, soruetimea  affecting  a  peripheral  afferent  nerve  as  in  the 
case  of  cougliiiig,  somLaimcs  working  through  tlia  higher  partfi 
of  thv  bruiu  us  in  laughter  luid  eryiiig,  sometimes  possibly.  lUi 
m  piwniug  and  sighing,  ai-ttng  on  Ihu  respiratory  centre  itself. 
Like  the  simple  respiratory  act,  they  may  with  more  or  le«K 
success  be  carried  out  l>v  a  direct  effort  of  the  will. 

Siffhinff  is  a  deep  anil  long-drawn  inspiration,  chiefly  through 
the  noise,  followed  by  a  somewhat  shorter,  but  correspondiugly 
lai^e  expiration. 

Yawmnff  is  similarly  a  deep  inspiration,  deeper  and  longer 
OODtioucd  thnu  a  xigh.  drawn  through  the  widely  open  moutli, 
and  aoccmptinied  by  a  peculiar  deprvKsion  of  tlie  lower  jaw  and 
frequently  by  an  etevntion  of  Ihe  Nhoulders. 

Hieeovgh  consists  in  a  .tudrU-n  inspiratory  contraction  of  the 
diaphragm,  in  the  course  of  which  tne  glottis  suddenly  closes, 
eo  that  the  further  entrance  of  air  into  the  chest  is  prevented, 
while  the  impulse  of  the  column  of  air  just  entering,  as  it 
strikes  upon  the  closed  glottis,  gives  rise  to  a  well-known 
accompanying  sound.  The  afferent  impulses  of  the  reflex  act 
are  conveyed  by  the  gastric  brandies  of  the  vagus.  The  closure 
of  the  glottis  is  CHrried  out  by  means  of  the  inferior  laryngeal 
nerve.     Si»e  Voiet. 

In  aobtinif  a  !*eries  of  similar  txmvulaive  inspirations  follow 
rach  other  slowly,  tlte  glottis  being  closed  earlier  tluin  in  tbe 
cam  of  hiccough  so  that  little  or  do  air  entt^re  into  the  chest. 
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Coughing  consists  in  tlm  first  place  of  ii  deep  anil  long-drawn 
inspiration  by  wliidi  tlie  lungs  urt;  wfU  lilleil  witli  air.  Tliia 
is  followed  by  a  complete  closure  of  iht'  glottis,  iinil  then  comes 
II  sudden  itnd  forcible  expiration,  in  the  midst  of  wliiub  tlie 
glottis  suddenly  npena.  ana  thus  a  bliwt  of  air  is  driven  tln-ougli 
tlie  npiiei'  rewpirattiry  passages.  The  afffrwnt  impulses  of  this 
rellex  act  are  in  moat  cases,  as  when  a  foreign  body  is  lodged  in 
the  larynx  or  by  the  side  of  the  epiglottis,  eonveyed  by  tha 
superior  litryngeiil  nerve  ;  but  the  movement  inay  iirise  from 
stimuli  applied  to  otlier  aftVi-fiit  br.inelies  of  the  vngns,  siieh  lis , 
tliiise  su])plyi>ig  the  brDitchial  passages  and  stomach  and  the 
iiurirular  hianid)  distributed  to  the  meatus  externum.  Stimula- 
tion of  other  nerves  also,  such  as  those  of  tin;  skill  by  a  draught 
of  cold  air.  may  develop  a  cough. 

In  gneeztiig  the  movviuent  is  the  same,  in  so  far  that  it  con- 
sists of  a  deep  inspiriition  followed  by  a  sudden  and  forcible 
expiration.  But  the  mouth,  instead  of  being  widely  open  as  in 
coughing,  is  jiiiitly,  or  at  tir.st  even  wholly  closed,  and  the 
buccal  cavity  with  the  pliarynx  is  so  disposed  that  the  blast 
of  air  in  being  driven  out  through  the  mouth  produces  the 
charactenstic  sound.  If  the  obstruction,  the  suddeu  removal 
of  which  ioitiatcs  the  expiratory  blast,  is  caused  by  closure  of 
the  glottis,  and  this  is  not  clear,  the  glottis  is  su  disposed  a» 
not  to  give  rine  to  a  vocal  sound  us  is  the  case  in  congliiiig. 
Though  the  movement  is  accoTiipanied  by  .secretion  from  the 
nasal  jiiissages.  tlie  outgoing  bta-tt  appears  not  to  pass  through 
the  nose,  being  cut  off  frtun  that  passage  by  elevation  and 
pressing  hack  of  the  soft  palate.  'I  he  afferent  impulses  here 
usually  come  from  tijo  nasiil  branches  of  the  flftli.  Whca 
sneezing  however  is  produced  by  a  bright  light,  the  optic  nerve 
would  seem  to  be  the  afferent  nerve. 

Lftiii/hing  consists  essentially  in  nn  inspiration  succeeded, 
not  by  one,  but  by  a  whole  series,  oflfu  long  continued,  of  short 
spasmodic  expii-ations,  the  glottis  being  fieely  open  during  the 
whole  time,  and  the  vocal  cords  being  thrown  uito  charavtar- 
istic  vibrations. 

In  crying,  the  respiratory  movements  arc  luodiiied  in  tliv 
same  way  as  iu  lauglmig  ;  tliu  rhythm  and  the  accompanyine 
facial  expressions  are  however  different,  though  Uiuglung  ajid 
crying  frequently  become  indi»tinguisliable. 


CHAPTER   III. 
THE   EUHINATION   OK    WASTE  PRODUCTS. 

§  319.  We  liHvu  traced  the  food  from  the  alimentary  canal 
into  t)iu  bloud,  and,  ilid  tlie  st.tt'O  of  our  knuwlvdgv  permit,  the 
mitural  course  of  our  nHwiy  would  be  to  triw<?  the  food  from 
th«  hlood  into  the  tLisues,  and  then  to  follow  the  produeUi  of 
the  activity'  of  the  tissues  back  into  the  hlood  and  so  oul'  of  the 
body.  This  however  we  cannot  as  j-ct  satis factorilv  do ;  and  it 
will  be  more  fonvciik-nt  to  study  iirst  tlic  final  products  of  the 
inetiibolisin  of  the  body,  and  the  uiiiuuer  in  wliii:h  they  are 
eliniiitiited,  »ud  aflerwiiiil.-*  to  return  to  the  dlKCuesion  of  the 
intervening  »te[i«. 

Our  food  con.sists  of  certain  food-ntulTs,  viz.  prot«id8,  fatii. 
aikd  earlmh  yd  rates,  of  various  salts,  and  of  water.  In  their 
paasage  through  the  blood  and  tissues  of  the  body,  the  proteids, 
fats,  and  carhohydnitcs  art-  converted  into  urea  (or  some  closely 
allied  buily),  earbunie  ut-id  and  water,  the  nitrogen  of  the  urea 
bein;;  furnished  by  t)ie  protoid^  alone.  Many  of  the  proteids 
coutJUU  sulphur,  and  »Uo  have  phosphorus  attached  lo  them 
in  some  combiuAtion  or  other,  and  some  of  the  fnts  taken  as 
food  contain  phosphorus  ;  these  elements  ultimately  undergo 
oxidation  into  phosplmtes  and  sulphates,  and  leave  tlie  body  in 
Uiat  form  in  company  with  the  other  salts. 

Broadly  speaking  then,  tlie  waste  products  of  the  animal 
economy  are  urea,  earbonic  acid.  MilUt  and  water.  These  leave 
the  body  by  one  or  other  of  thi-ee  main  channelx,  the  luii^rs,  tlio 
skin,  and  the  kidney.  Some  part,  it  is  true,  leaves  (lie  IkkIj 
by  the  bowels,  for.  an  we  have  seen,  the  fiei'ies  contain,  besides 
undigestt^d  portions  of  food,  sukstances  which  have  been  seerctud 
into  the  bowel,  and  arc  therefore  wastv  products;  but  the 
amount  of  these  is  so  small  that  they  may  Ik*  neglected. 

The  lungs  serve  as  the  ehnnriel  for  the  diseliarge  of  the 
greater  part  of  the  carbonic  acid,  and  a  considerable  quantity  of 
water :  this  discltarge  we  have  just  studied.  Through  the  skin 
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there  leave  the  hody  a  comparatively  small  quantity  of  salts^ 
little  carbonic  acid,  and  a  variable  bat  on  the  whole  latge  qu&i 
tity  of  water. 

The  kidneys  discharge  all  or  nearly  all  the  nrea  and  alli^ 
bodies,  the  greater  portion  of  the  salts,  and  a  large  amount  , 
water,  with  an  insignilicant  quantity  of  carbonic  acid.  Tl^f 
are  especially  important  since  by  them  practically  all  the  tdXtt 
genous  waste  leaves  the  body,  and  to  them  we  will  turn  first. 


THE  COMPOSITION    AXD  CUABACTERa  OF 
UKINE. 

§  320.  These  iire  »o  fully  dwell  upon  \a  DpecLul  works  that 
wB  may  confine  om-selve!*  here  to  Rnlient  poinlH.  The  hmilthy 
nriiie  of  man  it*  a  clear  yellowish  slightly  niiorescent  fluid,  of  a 
pecnliai'  odour,  saline  taste,  and  acid  reaction,  having  a  nieitii 
specific;  gravity  of  1 -030.  and  gcn«rally  holding  in  suspense  a 
little  mucus.  Tito  mui^us,  when  proiwut,  comes  from  the  iiri> 
nary^piusugus,  lut  do  id»o  the  oc-ctMioiuil  upitlivliul  cells.  All  the 
n-st'of  thi.1  urine  may  be  coniddered  his  Uie  secretion  of  the 
kidney. 

Thf-  urine  as  we  have  said  is  the  chief  channel  by  wliidi 
solid  matters  leave  the  body,  a  small  quantity  only  passing  by 
the  skia  and  practically  none  by  the  lungs.  Hence,  neglecting 
for  the  proDcnt  the  slun.  wo  may  Hay  that  all  the  substances 
tokoQ  into  till)  body  Hooncr  or  later  leave  the  body  by  the  urine, 
save  the  few  subetanoes  which  may  be  rctuinv<l  pfnaauontly 
within  the  liody  and  the  substanoes  which  make  up  the  body  at 
the  moment  of  its  death.  We  accordingly  find  ttuit  the  urinu 
contains  a  large  number  of  substances,  the  exa^it  amount  of  each 
substance  prewnt  tn  a  given  qimntity  of  urine  varying,  in  the 
case  of  every  substance  somewhat,  and  in  the  cases  of  many 
aul>stances  very  largely,  from  lime  to  time.  The  composition 
of  urine  in  not  only  complex  but  extremely  variable. 

Moreover  a  little  oon^^ideratioii  will  .-Oiew  that  the  several 
8ub«tan<.'e«  pif  sent  in  nnne  must  have  very  different  hi.-ttnrie«. 
Some  of  the  constituents  of  urine  apjiear  in  it  in  the  exact  form 
in  which  they  were  introduced  into  the  mouth ;  they  have  been 
simply  absorbed  from  the  alimentary  eanal  into  the  blond  and 
excreted  by  the  kidney  without  undergoing  change;  they  are 
derived  directly  and  without  eliaii;rc  fri>m  the  foiKl. 

Others  again  are  the  products  of  ehaiiges  which  the  food  has 
nnderf^nu  in  the  I)«idy ;  an<l  tliest'  changes  may  be  sligiil  or  may 
be  cxtemtive,  an<l  may  take  place  on  the  one  tiand  in  the  alimen- 
Uaj  CHital,  or  during  a  brief  transit  of  the  substance  in  the 
blood-stream,  or  even  in  the  urine  il»elf,  may  so  to  speak  be 
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auperfifiial ;  or  on  the  other  hand  may  take  place  in  the  very 
dt'ptlis  of  the  tissues  and  be  closi'ly  iissociiitAid  with  the  very 
life  of  tli«  tisHuos.     Wii  shnU.  howi-vtrr,  huvi;  to  return  to  these  ' 
matters  later  on,  unil  imiy  here  briefly  consider  what  substonves  ' 
are,  norniAllv  and  abnormally,  preflent  in  urine,  &nd  the  chief 
feattires  of  the  fluid  itself. 

5  321.     Bejiides  water,  the  constituents  of  urine  are:  — 

Nitroffenout  CrygtaUine  Bodiet.  Nejjleftinp  the  small  pro- 
portion of  these  bodies  wliirh,  espeijially  in  the  case  of  flesh 
eaters,  are  introduced  into  the  eoimoiny  with  the  food,  an 
kru^itin  and  the  like,  and  so  pass  into  the  urine  with  no  or  with 
comparatively  little  change,  we  may  on  the  whole  regard  the 
flubistanoeti  of  this  class  as  the  products  of  the  changes  which 
the  proteid  matters  (and  allied  aubstancos  such  as  jjelatiu  and 
the  like)  present  in  food  have  undergone  either  while  the  food 
WAS  simply  food,  still  in  the  alimentary  canal  for  instance,  or 
after  the  food  had  been  huilt  up  into  the  tissues  of  the  body. 

Of  these  by  far  the  most  important,  in  the  urine  of  man 
and  mammalia,  is  tlie  body  urea  (NjlI^OO).  It  is  the  chief 
form  in  which,  in  these  animals,  nitrojjen  leaves  the  body.  We 
shall  have  to  discuss  the  relations  and  formation  of  ure»  later 
on,  but  meanwhile  we  will  simply  state  that  it  has  remarkable 
double  coimections  with  two  great  groups.  On  the  one 
hand  it  is  relat«d  to  the  ammonia  group,  and  by  hydralinu  is 
readily  converted  into  ammonium  carbonate  (N,H. CO +-2H,0  = 
(NH^^jOOj).  On  the  other  hand  it  is  related  to  the  great 
cyanogen  group,  ammonium  cyanato  and  urea  being  isomeric, 
and  tSe  fonner  by  simple  heating  being  converted  into  the 
hitter  (Nll^  .CNO  =  NjH^CO). 

Thougli  a  base,  forming  salts  with  acids,  such  as  rntratcs, 
oxalates,  &c.  urea  occurs  in  urine  in  a  free  and  independent 
condition. 

Closely  allied  to  urea,  occurring  apparently  s»  a  bye  product 
of  the  same  line  of  metabolism,  is  uric  acid  (CjM^JTiOj),  which 
is  found  always  in  tlie  urine  of  man.  occurring  in  small  but 
variable  quantity.  In  the  urine  of  some  animiils  such  as  birds 
and  reptiles  it  occurs  in  abundance,  and  indeed  in  those  replaces 
urea  as  the  chief  nitrogenous  excretion.  Uric  aoiil  Is  a  more 
complex  body  than  urea,  one  molecule  of  uric  aeid  splitting  up, 
under  the  influence  of  certain  reagents,  into  two  moleoules 
of  urea  and  a  compound  of  oxalic  acid.  Its  decomposition 
products  however,  under  different  reagents,  are  very  numerous 
and  complex  though  nrea  occurs  among  them  frequently  and 
charaoteristically.  Uric  acid  may  be  synthetically  produced 
out  of  urea  and  glycin  (glycocoll). 

It  Is  a  weak  dibasic  acid,  and  occurs  in  normal  human  urine, 
not  as  a  free  acid  but  as  an  acid  salt,  being  combined  with  potas- 
sium and  Bodium,  and  to  a  less  extent  with  calcium  and  am- 
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monium.  In  quite  normnl  uriiid  these  nalta  are  soluble  in  the 
urine  even  nft«r  the  fluid  has  cooled  down  to  the  ordinarr 
teinperutiire  of  tli«  air;  Ijiit  not  iiifrwpiently  tlio  unites,  solubk 
in  the  mine  at  the  t^mpt-iiiture  at  whicli  it  leaves  the  hody,  iir« 
precijiitated  when  the  nuid  oools,  formin?  the  well-knoivn  "  do- 

Suaitof  uratRH."  On  further  standing  tne  aalts  are  apt  to  be 
ecomposed  and  thus  to  give  rise  to  crj'Btals  of  uric  acid. 

Itcaides  urea  and  unc  acid  the  urine  contains  amall  but 
variable  quantiliex  of  more  or  less  nearly  allied  bodies  such  na 
kreatinin,  xanthin,  hypoxuiithin,  and  gtianiii.  Coneeniin<;  these 
we  will  at  present  only  wiy  that  kreatinin  in  a  deliydrated  form 
of  the  body  kreatin  which  we  spoke  of  (§  69)  as  a  cnnatituent 
of  musclea.  Kreatin  by  dehydration  is  readily  converted  into 
kroatinin,  and  kreatinin  by  hydration  into  kreatin;  kreatin 
introdueed  into  the  alimentAry  cuual  or  into  the  blood  appears 
in  the  urine  z»  kre-atinin;  and  in  llexh  enters  some  at  least  of 
the  kreatinin  of  the  urine  in  derived  directly  from  the  kreuttn 
pret^nt  in  the  meat  eaten  as  fond;  but  we  sliall  discus:*  the 
subject  of  kreatin  later  on. 

Itcsidcs  the  above,  such  bodies  as  leacin,  taurin.  cystin,  allan- 
toin  and  ammonium  oxalurate  are  occasionally  found  in  urine, 
but  cannot  be  regarded  as  constituents  of  normal  urine. 

In  the  urine  of  man  hiphuric  acid  appears  to  be  always  pres- 
ent in  -tmall  i|nantitie»,  and  in  the  urine  of  herbivora  occurs  in 
large  quantities.  In  these  latter  it  is  derived  more  or  less 
directly,  by  chani^at  of  which  we  shall  have  to  speak  in  a  sue- 
oeedio);  chapter,  from  constituents  of  tJie  food  containing  bodies 
belon^ini;;  to  the  aromatic  group  (benzoic  acid  series);  but  the 
small  quantity  present  in  man  and  other  carnivora  appears  to 
come  from  the  metabolism  of  protcid  matter  which,  as  we  have 
already  seen.  oonUiins  an  iiromatic;  oonslituent.  Another  mem- 
ber of  the  aromatic  ^roup,  tyrosin.  is  occasionally  present  in  urine. 

A  special  interest  belongs  to  certain  compounds,  which  may 
be  re^rded  aa,  in  small  quantities,  normal  constituents  of  urine, 
but  which  may  occur  in  much  larger  quantities;  these  arc  cer- 
tain phenol  compounds  such  as  phcnyl-sulphuriv  acid,  certain 
indigo  compotintis,  tliu  so-called  indican.  and  others.  Them 
arise  from  bodies  ap|>earing  in  the  alimentary  canal  as  prod- 
nets  of  the  decomposition  of  proteida,  efferted  not  by  natural 
juices,  but  by  niioro>organisn)s.  §§  ^10,  '2;i2.  Their  amount  in  the 
urine  may  be  taken  as  a  measm-e  of  the  extent  to  which  proteida 
are  beini;  changed  by  these  agents  in  the  alimentan,'  canal. 

§  3S8.  Inorganie  Sallt.  These  for  the  moat  pArt  exist  in 
urine  in  natural  solution,  the  composition  of  the  atdi  almost  ex- 
actly eorresiKiniUiig  with  the  results  of  the  direct  analysis  of  the 
fluid  ;  in  tlii.'*  respect  urine  contrasts  forcibly  wiU»  blood,  the 
ash  of  which  is  largely  composed  of  inorfjanic  substances,  which 
previotis  to  the  incineration  existed  in  peculiar  combination  with 
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proteid  and  other  complex  bodies,  lii  the  b»\\  of  urine  thore  ia 
rutliur  more  «iilpliiir  than  corresponds  lo  the  sulphuric  acid 
directly  determined  ;  this  itidicatfi^  tlie  exislemie  in  urine  of 
gome  sulphur- holding  complex  hody.  And  there  are  traces  of 
iron,  pointing  to  Home  similar  iron-holding  Ruhstunce.  itiit 
otherwise,  all  the  substances  found  in  the  ash  exist  as  salts  in 
the  natural  fluid. 

Tti«  chief  bases  are  sodium,  potassium,  calcium  and  mag- 
nesium in  the  form  uf  chlurides,  phosphates  and  sulphatus. 
The  exact  way  in  whii-h  tlie  Kevenil  buses  und  acids  uk  com- 
bined is  to  aome  extent  a  matter  of  uncertitinty ;  hut  sodium 
chloride  in  certainly  present  and  in  considerable  quantity ;  it  is 
tlie  most  abundant  and  important  inorganic  constituent.  A 
large  portion  of  the  phosphoric  acid  seems  to  exist  as  acid 
sodium  phosphiite.  the  rest  &»  soluble  calcium  and  mo^esium 
phosphates.  The  remaining  chief  salts.  oueuiTing  however  in 
smaller  qiuintity,  ure  potassium  uud  sodium  sulphate,  and  cal- 
cium uhloriile. 

Ammonia  occurs  in  small  (jnantity,  alkaline  carbonates  are 
frequently  found,  traces  of  nitrates  are  at  all  events  occa- 
sionally present,  as  abio  indications  of  sUicates  and  of  sulpho- 
cyaixat«8. 

The  phospliiites  are  derived  partly  from  the  phosphates 
taken  as  such  in  food,  purtly  from  tlie  phosphorus  or  phosphates 
peciiliurly  associated  with  the  proteids,  and  partly  from  the 
phosphuriut  of  certain  complex  fats  such  as  lecithin.  When 
urine  becomes  alkaline  (and,  as  we  shall  presently  see,  it  may 
do  80  by  ohanges  taking  place  in  itself)  the  calcic  and  magnesio 

Khosphates  are  converted  into  basic  salts  which,  being  innolu- 
le,  are  precipitated,  the  sodium  phosphate  romaitiing  in  solu- 
tion. When  the  alkalinity,  as  is  fiequeiitly  the  case,  is  duo  to 
ammonia,  nmmuniu-mugiiesium  phosphate  is  formed  and  is  apt 
to  ap]H-4ir  in  crystals.  The  sulphates  are  ilerived  partly  from 
the  sidphates  taken  as  such  in  food  and  partly  froTn  the  sulphur 
of  the  proteids.  The  carbonates,  when  occurring  in  large  quan- 
tity, generally  have  their  origin  in  the  oxidation  of  such  salts 
as  citrates,  tartrates,  &c.  Thu  bases  present  depend  larjft-ly  on 
the  nature  of  the  food  taken.  Thus  with  u  vcfietuble  diet,  the 
excess  of  the  alkalis  in  the  food  reappetirs  in  the  urine;  with 
an  animal  diet,  the  earthy  bases  in  a  similar  way  come  to  the 
front. 

§  323.  NorifnUrogeTMUi  Bodiea.  These  exist  in  very  small 
quantities,  and  many  of  theni  are  probably  of  uncertain  oc- 
currence. Some  of  these  are  organic  acids,  the  most  constant 
perhaps  being  oxalic  acid ;  to  this  may  be  added  glycorin- 
phosplioric,  luetic,  formic,  acetic,  butyric  and  possibly  succinic 
acids.  Inosit  heun  also  been  said  to  occur  normally.  It  has 
been  maintained  that  minute  quantities  of  sugar  (dextrose)  are 
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invariably  present  in  even  healthy  arine  ;  this  however  hivs  not 
ad  yot  been  placed  buyoaJ  nil  doubt.  The  nature  of  the  8ub- 
titancos  which  f^ive  tu  iirino  iU  characteristic  odour  has  not  been 
mule  out ;  probably  there  are  more  eueh  bodti'^x  than  one. 

§  324.  Pimnenti.  Urine  is  always  coloured,  the  tint  vary- 
ing from  a  light  to  a  dark  yellow  with  an  admixture  of  brown. 
In  tJie  cour»e  of  twenty-four  houre,  a  not  incont<idernble  quan- 
tity of  niffmont  must  leave  the  hody  by  the  urine ;  hut  the 
nature  of  the  normal  pi^ent  or  pigments  of  urine  is  at  pre;)* 
ent  obscure  and  the  subject  of  much  controversy.  The  mat- 
ter !£  apparently  further  eompliouted  by  the  presence  in  urine 
of  what  liave  been  called  'ehrouiogoiK^.'  lluit  is  to  say.  bodies 
whieh  are  nut  coloured  themselves  but  whii-Ii  readily  give  rise 
U>  pigments  upon  oxidation;  and  it  is  probiible  that  some  of 
tlieae  *  chromogens '  of  the  urine  are  reduction  products  of  the 
respective  pigments,  the  reduction  taking  place  in  the  urine 
after  se-cretion.  or  during  or  even  before  secretion.  There  is 
frequently  present  in  urine,  ejtpcciallr  in  citscs  of  fever,  a  pig- 
ment which  has  been  Isolated  and  determined,  which  lias  s 
characteristic  s|»ectrnni,  anil  whieh  being  maintained  by  some 
to  be  a  derivative  of  bilind>in,  has  lieen  called  vrnhiUn.  It  is 
not  thia  urobilin  however  which  gives  to  urine  its  ordinary 
colour.  Some  ol>ser\'ers,  on  the  other  hand,  maintain  that  nor- 
mal urine  does  contain  and.  in  part  at  least,  owes  its  nonnal 
colour  to  a  somewhat  similar  but  different  body,  which  in  con- 
sequence the}'  have  called  '  nornuil '  tirobilin.  It  is  in  fact  not 
poaisible,  at  the  presenl  moment,  to  make  definite  and  satisfac- 
tory atatemouta  as  to  whether  urine  contains  one  or  more  than 
one  normal  pigment,  as  to  its  or  tJieir  nature,  as  to  whether 
they  are  derived  from  bile-pigment  or  directly  from  the  hgematin 
of  haemoglobin  or  in  other  ways,  or  as  to  the  several  steps  by 
whii'h  they  are  produced,  'there  are  also  abnormal  colouring 
tnatton  present  on  occasion,  such  for  Instance  as  the  )>eculiar . 
nid  colouring  matU'r  occurring  sometimes  in  tliu  urine  of  acute 
rlieumulism,  whieh  lias  been  called  uroerythriu ;  but  our  knowl- 
edge eoiiceming  these  is  very  tm|)etfect. 

§  325.  Ftrtatnt%  and  other  hoditt.  Kven  normal  urine  has 
frequently  been  found  to  contain  a  small  quantity,  hardly 
amounting  to  more  than  a  trace,  of  proteid  material,  apparently 
ftu  albumin  :  but  the  normal  presence  of  even  this  small  quan- 
tity has  been  disputed.  Urine^  however,  certainly  eootutu 
ferment  bodies. 

When  urine  is  tr«ftt«d  with  many  times  i(«  volume  of  alco- 
hol, a  gninular  or  fioeculent  precipitate  is  thrown  down,  con- 
sisting chiefly  of  phosphates,  together  with  some  other  substance 
or  probably  sevenU  other  substanceti.  in  very  small  Quantities. 
An  anueous  solution  of  the  precipiliite.  which  may  be  free*!  from 
the  paoaphatea,  is  both  amylolytic  and  prutooljiic.     Ferments 
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tiiiiT  also  and  more  readily  be  extracted  from  urtne  by  aUowing 
shreds  of  Jiljrin  to  soak  in  the  urine  for  a  few  hoQTS,  tad  tbci 
removing  and  washing  them.     The  fermenttt  became  entangled 
in  the  fibrin  in  atich  a  way  as  not  to  be  easily  removed  by  vnsh- 
ing.     Tho  wuskud  shreds  will  convert  starch  into  sug&r  ;  anA 
whon  trctited  with  dilute  hydrochloric  acid  diinst  tfacnuiel^'VK-. 
shewing  the  prexenco  of  [xipsin.     By  this  method  it  has  been 
iiKcurtaiiittd  that  an  timylulytic  fenucnC  and  pepsin  are  present  Ln 
i|ii<uit)liei4  whicli  vary  in  the  twenty-foiir  hount  according  to  the 
mcaU.     Kenniii  has  aUo  been  found,  and  at  times  at  least,  trip- 
sin.    From  this  it  appears  that  some  of  the  ferment*  of  the  ili- 
mentary  canal  escape  from  the  body  by  the  urine,  being  prohibly 
re-absorbod  directly  from  the  resiwctive  glands ;  the  qiuuility 
moreover  which  thus  escapes  is  insij;nifieant. 

A  small  quantity  of  gux,  ubout  Ity  vols,  p.c-.con  beextTnciect 
by  the  mercurial  pump  from  urine  received  direct  from  the 
body  without  exposure  to  air.  The  gas  »o  obtMned  coaiutt 
chiefly  of  carbonic  acid,  nitrogen  tieing  very  scanty,  and  ojtjjw 
occurring  in  very  small  qimntities  or  being  wholly  absent.  Ihe 
meaning  of  thU  wo  have  already  touchecTupon  in  speaking  of 
respiration,  sco  §  290. 

§326.  Tlio  quantities  iu  which  these  muUifariotis  bodin. 
all  of  which  ax  we  liave  seen  we  may  perhaps  regard  ns  con- 
stituenls  of  uonnal  urine,  are  present  in  different  specimcni 
of  urine,  vary  within  verj'  wide  limits,  being  dependent  on  tlie 
nature  of  the  food  taken,  and  on  the  conditions  of  the  bwlr. 
The  amount  not  of  water  only,  but  of  many  of  the  other  seMnl 
constituents,  varies  widely  luid  indeed  rapidly,  so  that  the  po 
centa^e  composition  of  uriiic  will  vary  from  hour  to  hour  if  JUA 
from  miuuteto  minute.  Thccause«whichdet«nni»et]ie!«enii- 
ation»  in  the  ufiture  and  amount  of  urine  we  sliall  study  Later (iii> 
Meanwhile  what  may  be  called  the  average  compositiod  *t 
human  urine  ia  shewn  in  the  following  table  in  which  the  ncid* 
and  bases  are  put  down  separately. 


AMOUNTS  OF  THB  MtVEBAL  URINARY  CONSTITUBSTS  PJ 
IM  TWBHTT-KOUR  HOURS.    (MwFamxu.) 


By  an  •vMngo                                     Per  1  klb 

(nan  of  tXi  kUo*.                              of  Imtly  valgbC 

Water 

1500000  grammes    23OO0Ogni 

ToUd  Solids 

1-1000 

Urea 

83-180                                    -5000 

Urio  Acid 

-655                                     0084 

Hippuric  Acid 

-400                                     -0060 

Kreatinin 

910                                     0140 

Pigment,  and 

other  substances  10-000                                    -1510 

S22        ABNUUUAL  COKSTiTU£NTS  OF  UBINE.     {Book  u, 

§  328.  Abnormal  Comtifu^ntt  of  Uriv«.  The  structural  el©- 
meutH  found  in  tlic  urine  under  various  circumstnncos  are  blood, 
nus  and  mucus  corpuHcIes.  epithelium  from  the  blndder  and 
Kidney,  and  »[j<!riuntozoa.  To  these  in<iy  be  lidded  ibc  so-called 
*ciisl«'  which  are  either  'epithelitil  ctutUi,'  thai  is  to  wiy  cylinders 
of  more  or  leas  altered  epithelial  cells  slied  from  the  tubules,  or 
sCruotureleSiS  'tibrinous'  ciuls,  which  are  cylinders  of  peculiar 
material  moulded  in  the  luntina  of  the  tubule.'i ;  the  exact  nattire 
of  this  material  is  at  present  a  matter  of  doubt;  it  is  not  always 
the  same  but  appears  not  to  be  fibrin. 

The  mo^t  common  and  important  iibnorm»l  coustituentfi  of 
urine  nvv  idhuviin,  giving  rise  to  iilbumiuuriii,  and  tugar,  giving 
rise  to  glycosuria  or  diabetes.  The  soluble  proteids  generally 
spoken  of  114  ^albumin'  in  the  ui-ine  differ  in  diffei'en  teases.  'Ilie 
exact  determination  of  their  nature  is  a  matter  of  some  difTi- 
eulty,  since.  a.i  we  have  seen,  we  have  in  differentiating  the 
various  proteids  to  trust  largely  to  their  behaviour  as  regard-i 
precipitation  upon  the  addition  of  certain  saline  bodies;  and 
the  prcsenec  of  saline  bodies  in  the  natural  urine  introduces 
eom plications.  It  would  ai)j>eiir,  however,  that  the  proteids 
usually  present  are  serum-albumin  and  globulin  ;  these  arc  not 
however  as  a  rule,  if  ever,  pi-esenl  in  the  same  relative  propor- 
tions as  in  blood-plasnm ;  and  either  the  one  or  the  other  may 
be  present  by  itself.  A  form  of  albumose  (§  181)  called  hemi- 
albumose,  is  sometimes  found,  and  indeed  probably  very  many 
distinct  kinds  of  proteids  are  from  time  to  time  present.  If  egg- 
albumin  be  injeet^d  into  the  blood  it  appeal's  in  the  urine  as 
egg-albumin,  and  peptone  similarly  injected  apr>ears  as  peptone. 

The  sugar  which  is  found  in  the  urine  of  diabetes  is  undis- 
tingulshable  from  oniinary  dextrose  ;  but  whether  it  is  alxto- 
lutely  identical  with  that  body,  or  whether  the  sugar  in  all 
cases  of  diabetic  urine  is  exivctlv  the  same,  cannot  perhaps  as 
yet  be  regarded  as  ticfiiiittly  settled. 

Wheu  blood  Ls  mingled  with  urine  in  the  kidney  and  in  thv 
arinary  po^tsages  the  co»stitueuI.s  of  the  former  are  of  course 
added  to  those  of  the  latter  ;  and  when,  as  sometimes  hapj)ens, 
chyle  from  the  laeteals  makes  its  way  into  the  kidneys  iJte 
urine  contains  tlic  fats  and  other  constituents  of  chyle.  Fats, 
however,  may  be  present  without  the  urine  being  distinctly 
■chylous." 

Cholosterin,  bilo-ucids,  bile-pigments,  and  one  or  other  of  a 
large  number  of  bodies  nrisiag  From  a  disordered  metabolism 
of  the  bodv,  such  as  leiicij),  tyrosin,  acetone  fin  cases  of  dia- 
betes), oxalic  acid,  taurin.  eystin  and  many  others  are  also  found 
more  or  less  frequently  ;  some  of  thest-  indeed  have  been  re- 
garded as  normal  constituents.  Besides  these  tlie  urine  serves 
U3  tlio  chief  channel  of  elimination  for  various  bodies,  not  proper 
conxtituents  of  food,  which  may  happen  to  have  been  taken  into 
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the  system.  Thus  various  minerals,  alkaloids,  salts,  pi^entary 
and  odoriferous  matters,  may  be  passed  unchanged.  Many  suli- 
stancea  thus  occasionally  taken  undergo,  however,  changes  in 
passing  through  the  hody  ;  the  most  important  of  these,  since 
the  changes  which  they  undergo  throw  liglit  on  the  metabolic 
processes  oi  the  body,  will  be  considered  in  a  succeeding  chapter. 


8Ea  2.    THE   SECRETION   OF  URINE. 


i^  329.  The  kidney,  unlike  the  other  secreting  organs  whicli 
wc  iiavt*  hitherto  studied,  consista  of  two  parts,  so  distinct  in 
Btiucture  thai  it  seems  impoasiblo  to  resist  the  conclusion  that 
the  functions  of  the  two  porto  arc  diffitrent,  and  that  the 
mechanism  by  which  tlie  uriiiu  is  xccreted  i»  of  a  double  kind. 
On  the  one  hand  the  tubuli  uriniferi  with  their  eharuoteristii: 
epithelium  xeein  obviouidy  to  be  actively  secreting  8trnoturf»i 
comparable  to  the  secreting  alveoli  of  the  salivary  and  otiier 
gluiids.  On  the  other  hand  the  Malpighian  capsules  witli  their 
glomeruli  are  organs  of  a  nectUiar  nature  with  an  almost  in- 
significant epitheUum,  and  their  structure  irresistibly  suggest^i 
that  they  act  rather  as  what  may  be  called  in  a  general  way  a 
filtering  than  us  a  truly  secreting  median  i-sni.  Hence  bus  arisen 
the  view,  whicli  frequently  bears  the  name  of  Boivman  since  he 
was  the  tir»t  to  put  it  forwaixl,  that  certain  constituentA  only 
of  the  urine  are  secreted  after  the  fashion  of  other  secreting 
gland.s  by  the  tubuli  uriniferi.  and  that  the  rest  of  the  con- 
«tituent<4,  ineluding  a  great  deal  of  the  water  with  such  highly 
soluble  and  diffusihlc  salts  as  pre-exist  in  adequate  quantity  in 
the  blood,  are  as  it  were  Tdten^d  off  by  the  glomeruli  of  the 
Malpighian  capsules.  We  shall  gee  later  on  reason  to  doubt 
whether  we  are  justified  tii  applying  the  term  'filtration,' which 
has  a  definite  physical  me^aning,  to  the  process  by  which  water 
and  othtir  siiKstances  pass  from  the  blood  vessels  of  the  glome- 
rulus  into  the  lumen  of  the  ttibule ;  for  that  process  is  as  we 
ahall  lind  pecidiar  and  complex.  But  such  a  doubt  need  not 
prevent  us  from  recognizing  that  the  whole  act  of  secretion  of 
urine  consists  of  two  jtarts,  one  of  which  is  much  more  closely 
dejiendent  on  the  How  of  blood  throngh  the  kidney  than  is  the 
onlinary  process  of  secration  such  as  ha.^  hitherto  come  before 
11H,  and  another  part  which  seems  to  bear  tlie  same  relation  to 
tlie  flow  of  blood  a«  does  ordinary  secretion. 

That  the  work  of  the  kidney  is  to  an  unusual  degree  dependent 
on  the  flow  of  blood  tlirough  it  seems  suggested  by  tlie  vascular 
arrangements  ;  for  iheee  are  extremely  favourable  to  a  full  and 
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rapid  atream  of  blood  through  the  organ.  Tbts  short  and  rela- 
tively broad  renal  art*ry  comes  off  direct  from  the  abdominal 
aorta,  vfhcro  tbo  blood-prvttauro  is  oxtromoly  high  ;  the  renal 
vi-in  opons  directly  into  the  vciiu  curu,  wbvn;  thu  blood-pressure 
in  extremely  low.  Itetweeii  the  mouth  of  the  renu]  artery  and 
the  mouth  of  the  renal  vein  the  difference  of  pressui-c  is  very 
great  indeed  ;  and  as  we  have  seen  in  treating  of  the  vnsoulur 
system  it  is  the  difference  of  pre&inrc  between  two  jioiiits  of 
the  vascular  tract  which  is  thci  actual  cause  of  the  flow  of  blood 
from  the  one  poiut  to  the  other.  The  difference  of  pressure 
indeed  which  drives  the  blood  through  the  limited  area  of  the 
kidney  is  the  same  differt-nce  of  pi-eswiire  which  drives  the 
blood  along  the  abdominal  aorta  down  to  the  foot  and  back 
again  lo  the  vena  cava. 

Tliis  free  and  abundant  supply  of  blood  is  regulated,  is  either 
increased  or  diminished,  according  to  the  needs  of  the  momentr 
by  the  vttflo-motor  system  ;  this  is  shcwu  by  experimental  and 
other  residts,  whiuh  it  will  l>e  profitable  to  study  in  some  detail. 
Before  vnt«riiig  into  tliese  detail.-*,  however,  it  will  be  well  to 
call  attention  to  the  fact  that  when  vaso-molor  events  modify 
the  ilow  of  blood  through  an  organ  they  produce  their  cfTects  in 
one  direction  or  another  by  working  on  arterial  blood -pressure. 
Thus,  as  we  shall  sec.  when  stimulation  or  section  of  a  nerve 
increases  the  tlow  of  hlootl  through  tbo  kidney  it  does  so  by 
incroiiKing  thi;  prc^surv  in  the  siuall  vcssebi  of  the  kidney,  inclucl- 
ing  the  captllarv  loo}>i<i  of  the  glomeruli.  In  such  a  case  the 
walls  of  the  glomerular  loops,  through  which  the  ]itiss<ige  of 
materials  to  form  (part  of)  thi'  urine  takes  place,  are  [•iibjwlwi 
to  two  influences  ;  on  the  one  band  to  a  fuller,  more  rapid  tlow 
of  blood  past  them,  and  on  the  other  to  an  increase  of  the  pre** 
sure  which  that  blood  ns  it  passes  along  exerts  on  them.  Wo 
(thnll  have  subsequently  to  <iiscuss  the  share  taken  by  these  two 
influences  in  dct4.-rtniningand  modifying  the  passage  of  material 
througli  (he  wulls  of  the  glomerular  loops ;  and  this  will  licur 
on  the  quc.-tlimi  of  filtration  lo  which  we  have  al)ove  ulludeil ; 
but  for  the  jiresent  it  will  be  convenient  to  deal  witli  the  effects 
of  variiiiioii  in  blood-prexture  apart  from  this  secondary  questioii- 

li  330.  Tht  vaso-motor  mechani&ms  of  the  kidney.  It  may 
be  sliewn  experimenutly  that  the  kidney  is  supplied  with  a  vaso- 
motor mechanism  us  well  developed  pc-rhnps  its  that  of  any  other 
jiarl  of  the  body.  Ity  means  of  uuiodificiilionof  theplethjitmo- 
gr.iph  (Figs.  162,  103),  we  can  readily  observe  the  variations 
which  take  place  In  the  volume  of  the  kidney. 

The  instrument  r>oiixiits  of  two  lurts,  one  of  which  (Fig.  102), 
Oilled  the  oDMiii'-tci,'  is  applied  to  tlie  ort,Mii  about  to  be  Ktudied, 
while  the  other  (Ki){.  103),  called  the  oncograph,  i«  tiie  recording  part 

>  FroB  oMM,  hiaSL. 


52C        FLOW   OP   BLOOD  THROUGH    KIDKEY.      [Book  tr. 

o(  tlw  apparatus.  Any  diminutioii  in  th«  volumo  of  the  organ  (Fig. 
102,  K),  kidney,  spleen,  etc.  as  the  case  may  he,  diminishrs  \b» 
pressure  on  the  fluid  in  the  cliamber  n ;  some  of  the  fluid  in  the 
chamber  M  (I-'ig,  103)  acoordincly  passes  through  the  tube  K  (Fig. 
103)  and  the  tubo  T  (Fig.  102)  to  the  chamber  a;  the  piston  D 
accordingly  fails  and  with  it  the  lever  JJ.  Similarly  an  increase  in 
the  volume  of  the  organ  causes  the  lever  to  rise. 


a 


^i.<^r 


„Jtl 


Pin.  I(K!.  Rhhai.  OsraxBTBu.  &etn  In  ■vction  (ae[ni.iliii)rnkmmBUc).  S. 
Udnsy,  V.  vcsmU  and  nerves  imbrddL-d  in  fat,  &o.  cntc ring  hitii.t  of  orgsn,  O.  C. 
•nd  /.C.  outer  Mid  Inner  nicUtl  opaiilni  ncrcwoil  in^chcr  by  Utf  vrnn  ,?{,  nnd 
boldJDg  twtwean  tbem  tbe  «dge  of  ibe  ninnibntm^  //  irlilRh  nppUrit  iuvU  to  tii« 
Kurfsce  of  thtt  kidiitry,  uud  tunua  Willi  the  mvia.\  ciipe<i!v  (wo  cLiiiintH'ra  <t  mid  B, 
one  at  which  (B)  b  closed  by  a  pluu;  lUliiijj  llip  optnluB  O,  wliilt-  tlie  other  (ai 
ComnmnlCBH-*  hy  n  nibi?  7"  with  Ihe  rcccirdin?  iiiiiLnimciit.  Tht  oUitr  optninir  O 
(wliicli  i*  clnncd  by  .i  Hniitll  litp>)  In  I>ir  thi?  pur^MU'  of  lillln^  thn  chnmt><^t  a  with 
warui  •>il.  nfti.^r  tlip  kidtii'y  hs*  \»:fn  [>tiLci'(l  iti  th(^  linx,  ilit^  otlier  chunbcr  B 
hariiii.'  b(!«ii  prerioiuty  imrlty  lllled.  lliH  i|usntily  introduced  InU  It  depending 
upon  tlic  Kiu  of  the  kidnc}*. 


The  volume  of  tlw  kidney  may  be  increased  by  a  swelling  of 
itH  oonstitUGUt  celU  and  otiier  structural  vlcmcntA,  by  an  accumu- 
lation of  lymph  in  it«  lyniph-8|wce»,  and  by  a  distonnirui  of  its 
blodd  vessels,  Comparefi  with  the  thini,  the  two  fornior  cniwe* 
arc  ill  health  so  insigniHcant  and  problem titioal  that  they  may  be 
disregardod.     Further,  the  distemiion  of  the  blood  veasets  will 
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in  geneml  deppnd  on  the  con8triction  or  dilntion  of  the  renal 
arteries  and  their  ramificationH.  for  distension  due  to  vennu:* 
obetruction  will  only  occur  in  special  cases.  Hence  varintions 
in  the  volume  of  the  kidney  may  be  tuken  as  a  measure  of  varia- 
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Fto.  103.  SBiit-DUc)>jM>ATiCMtOTioitii.TuwovOarL-oo8jkrii.  lUUiialuial 
■Im.  K,  tube  coiiiiL-cting  initrumetit  with  oncninclcr.  IK  iiialiMi  flokling  on  oil 
Mnuiuecl  iu  the  cavity  M ;  xiif.  oil  In  prcvciiicil  trota  cicatiiiig  by  Uie  rIiIr  ot  Ihn 
plMOti  b)-  the  dellcato  flvxiblv  m^nihniDB  E,  wlilch  dow  not  IntPTteiv  wlili  tL« 
■noTeinonta  ot  tbe  pl«U>ii.  U,  recording  luver  uuiiii«ci«d  wiUi  tbe  plstou  hj  a 
noMlle  O  pauiiig  ttiniugh  the  cuM«  F,  f.  The  screw  C  in  lor  tli«  [lurpotHi  <A 
cUbi(1B)[  tlie  rdp!  o{  the  mcintirann  bctn-cvn  tlic  tiro  ring-diiipisd  niifMwa  at  .V. 
vbUa  Uia  aiile  tube  /•  U  (or  tho  purpoM  of  dlllng  the  liiiitnuncnt. 

tioDB  in  itn  vftHciilar  Kupply,  inoretme  of  volume  indicating  dilated 
renal  vessels,  luid  decrease  of  volume  indicating  constitctioa  of 
tJie  n^iuil  vessels. 

When  by  nteatisof  the  instmment  just  described  a  tracinj;  is 
taken  of  (be  volume  of  u  kt<biey  in  woat  may  be  considered  a 
normal  conditiou,  some  suob  result  as  tliat  ftliewn  in  Fig.  104  in 
obtained. 

The  volume  of  the  kidney  i/t  seen  to  be  so  delicately  respon- 
sive  to  chancer  in  the  mean  arterial  preasure  that  too  cuti'o 
reproduces  umost  exnclly  a  hlood-pressure  curve,  shewinf;  not 
onJy  tlie  respiratory  nndiilations.  hut  even  the  ri»e  and  fall  due 
to  the  individual  lipart-lients.  With  e»ch  rise  of  mean  arterial 
pressure  more  blood  is  driven  into  the  n-oitl  vessels  and  the  kid- 
ney swells  :  with  each  fall  of  pressure  less  blood  enters  and  the 
kidney  shrinks.  On  other  lra«in(t«  taken  in  the  same  way  may 
often  be  sven  (not  sliewn  in  Fig.  104)  the  wider  variations  oorre- 
■pondinjj  U>  ihe  Tniube-Hennp  curves;  but  it  will  be  observed 
that  ill  these  the  kidney  shnnks  with  the  rise  of  pressure  and 
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Bi ad  lew  of  btood  «k«^h  tte  iiiniiirii  «m1  otber' 
VMMb  a<  thn  or  Om  vwctfw 

1.  By  sa  imiii  of  tte 
■bott  — («)tnr> 

bM«.<»>brt£« 

««■■  oUmt  tbn  th* 

2.  Bj  »  whxatioa  «(  ^  Mtery  (or  wtanM) 

dw  ucs  Ua^  vbich,  vbile  ^MBtaUa;  tbe  piiaium  a 
uterj  itadf.  iacRwcs  tbe  ptaaon  in  tb*  a^ttUuietuid 
T«iH  which  the  uterj  sapfiim.     It  Deed  hknllT  be  added 
tbia  loeal  reiaxBtiMi  maat  not  be  aoncafanied  by  a  too 
dSatioa  abevben. 

Tbe  aaiM  local  blood-nressore  and  Bow  of  blood  nay 
larir  be  liniMuftMl— 

1.     Br  a  toiuliidioa  of  the  »t%aty  of  tba  ana  itaeU  (i 
ita  bnuK2t««>.  which,  while  iDcnaasng  tbe  preasare  on 
cardiac  aide  of  the  artery,  dininubea  the  pwimig  in  the 
lariea  and  reins  which  are  soppUed  bjr  tbe  artery.     This 
moat  not  be  acoaiB{nmed  by  a  too  great  oonatrietion  elsewl 
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2.  Uy  n  lowering  of  the  ffentral  blood-pressure,  brought 
about  —  (a)  by  diminUhed  force,  &c.  of  the  heart's  beat,  (6) 
by  a  general  dilalioa  of  the  suall  arteries  of  tlie  liody  at  large, 
or  by  a  dilation  of  vascular  areas  other  than  the  area  in  ({ue»* 
Uon. 

Applyiu)^  thisiw  coiisiderutiuiis  to  the  blood  vessels  of  the 
kidiKty,  ivf  should  expect  to  find  the  following. 

A  rise  in  tjeneial  i)Iood-pre»Biire,  and  that  meitnx  a  rinc  of 
pre-tsiire  in  tlie  ahilnminal  aorta  at  the  monlli  of  the  renal 
artery,  will  cauoc  a  gieatcr  flow  of  blood  through,  and  so  an 
exparuion  of  tlio  kidney,  providwl  that  the  renal  arteries  them- 
aelvea  are  not  unduly  cunslricted  at  the  suiuc  timo.  This  Ls 
well  ahcwu,  UK  we  have  suen,  in  the  curve  given  above,  where 
tbe  iiiercMO  of  presxure  dtie  to  e:ioli  heart- IteHl.,  oh  well  as  tlmt 
due  tu  each  reepirator)-  movement.  l»eing  of  central  origin  and 
not  due  to  arterial  oonRtriction  and  Iwing  unaccompanied  by 
any  t^ompeasating  constriction  of  ibo  renal  artery.  leads  to 
expaiiaion  of  tiie  kiduvy,  that  18,  to  a  greatvr  flow  of  blood 
Uirougb  the  kidney. 

If.  however,  tbe  rise  of  general  lilo(»i-prei*»ure  be  duo  to 
events  which  at  (he  same  llmw  cause  a  constriction  of  the  renal 
artericK,  tbe  flow  through  the  kidney  may  not  only  not  be 
increased  but  even  be  diniiuished ;  the  kidney  may  ahrink 
instead  of  expanding.  Thus  if  dyspnucu  be  brought  about,  as 
by  stopping  artificial  rcspimtioa  dui-iug  an  vxporimont,  the 
kidney  at  ont%  shrinks;  the  too  venous  blood  stimulates 
the  vuso-motor  centre,  and  probably  also  by  direct  action  on 
the  blood  vciiHels  leads  1o  a  generaJ  arterial  constriction  and 
00  to  a  rise  of  blood>preRsure ;  but  the  renal  vessels  are  involve<i 
in  this  constriction,  so  much  so  tliat  their  constricted  condition 
more  tlian  comitcrbalancos  tbe  general  rise  of  blood-pressure, 
and  less  blood  Hows  through  the  renal  vesiuds.  Ho  also  when 
the  medulla  ur  spiual  eord  is  directly  stimulated  by  induction 
dhoeks  (the  animal  being  under  urari  so  as  to  eliminate  the 
Complications  due  to  contractions  of  the  skeletal  muscles)  the 
renal  vesi^ils  share  so  fully  in  the  arterial  constriction  whicb 
reauhs  that,  in  spite  of  tb(!  groat  risie  of  mean  jircssure  wliich 
is  induced,  less  blood  than  normal  passes  through  tbo  renal 
vessels,  and  the  kidney  shrinks.  Or  if  tlie  abdnminal  splanch- 
nic nerves  \)c  stimulated,  since  as  we  shall  see  these  carry 
VHSO-eonstriclur  iibi-ea  for  the  kidney,  in  spite  of  the  rise  of 
blood -pressure  which  follows,  the  kidney  shrinks  on  account 
of  the  great  constriction  of  the  renal  vessels. 

On  the  other  hand  if  a  rise  of  blood- jircssurc  be  for  any 
reason  not  accompanied  by  a  compensating  constriction  of  the 
renal  arteries,  that  rise,  whether  it  be  brought  about  by  gencml 
eoDStriction  of  arteries  utlier  than  the  renai  or  by  an  increase 
of  the  canliac  delivery,  causes  the  kidney  to  swell,  shewing 

« 


530 


FLOW   OF  BLOOD  THROUGH    KIDNEY.     [Book  ii. 


a  eieitter  flow  of  blood,  i^uch  a  condition  of  things^  miiy  be 
induced  by  tiection  of  the  nervea  of  the  renal  plexus,  wliereby 
the  paths  of  all  vaaco-coiuitrictor  impulsea  to  the  kidney  are 
blocked.  After  this  has  bccu  done  ii  riso  of  general  pressure 
wbeth«r  by  dyspiituii,  or  by  dircot  »liiuulutiou  of  the  spinal 
cord,  or  by  stimulntiuii  of  the  Hbdoniinnl  »platichuic  iiervi:»,  luadu 
to  a  ^renter  flow  through  the  renal  vettsels  and  an  increoMd 
ftxpniision  of  tlie  kidney. 

A  rise  of  general  blood-preasure  then  may  be  aocompanied 
by  either  a  shrinking  or  a  swelling  of  the  kidney,  by  either  a 
greater  or  a  lews  flow  of  blood  through  the  kidney,  according 
to  the  concomitant  condition  of  tlie  renal  vessels;  or  indeed 
may  under  certiiin  oirciim.'itftnce*  l»e  accoiiipnt>ieil  by  no  ehange 
■it  all  ill  the  renal  circulation,  the  local  effects  exactly  couiiler- 
balanclng  the  general  ones. 

Conversely,  in  a  eimilar  way,  a  fall  of  blood-pressure  leads 
to  s  lesser  flow  through  the  renal  vessels  and  a  shrinking  of 
the  kidney  unless  it  be  uccoiupuuied  by  a  dilation  of  the  renal 
vessels  out  of  proportion  to  the  general  fall.  Thus  when  the 
Hpinul  cord  is  divided  below  the  medulla  the.  fall  of  general 
blood- pressure  is.  ua  we  have  seen  (§  151),  very  marked,  being 
due  to  an  abolition  for  the  time  being  of  wonted  constrictor 
impulses.  The  pressure  in  the  aorta  falls  rapidly,  and  at  the 
same  time,  owing  to  the  more  open  pathway  through  the  region 
of  peripheral  resistance  in  the  body  generally,  the  pressun-  in 
tho  vena  cava  is  increased;  the  difference  of  pressure  Ijetween 
the  niouUi  of  the  renal  artery  in  the  aorta  and  the  month  of  Uie 
renal  vein  in  the  vena  cava  is  so  largely  reduced  that  in  spite  of 
the  concomitant  relaxed  condition  of  the  renal  vessels  themselves 
tlie  flow  of  blood  through  tho  kidney  is  largely  diminished. 

It  will  of  course  be  understood  that,  the  general  blood- 
pressure  remaining  the  same,  the  flow  tlirough  the  kidney  will 
at  once  be  on  the  one  hand  increased  by  dilution  and  on  the 
other  decreased  by  con!*lriction  of  the  renal  vessels  themselves. 
The  constricted  or  dilated  condition  of  the  renal  vessels  can 
by  themselves  produce  hut  little  efi'ect  on  tlie  pressure  either 
in  the  aorta  or  in  the  vena  cava ;  and  the  difference  between 
the  pressure  at  the  mouth  of  the  renal  artery  and  that  at  the 
mouth  of  the  renal  vein  remaining  the  same,  the  more  open 
passLiges  of  tlie  dilated  renal  vessels  must  lead  to  a  fuller,  and 
till!  narrower  jiiisisagt^  of  the  constricted  renal  vessels  to  a 
■oautier  flow,  through  the  kidney. 

§  332.  By  means  of  the  oncometer,  watching  the  shrinking 
and  swelling  of  the  kidney  and  thus  judging  of  the  flow  of  blooa 
through  it.  tho  results  being  always  interpreted  with  reference 
to  the  general  blood-pressuru  on  the  lines  of  the  above  discus- 
sion, the  paths  of  vaito-motor  impulses  to  the  kidney  liave  been 
approximately  made  oat.    VasoKtonsti-iotor  libi-es  for  the  kidney 
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are  supplied  from  what  we  have  previou8ly(§  147  and  elsewhere) 
spoken  of  us  the  vasu^oiistrictor  rc^oii  of  thv  spiiiKl  cord.  They 
issue  from  thv  spinal  conl  by  the  anterior  roots  of  a  larj;^  numliur 
of  tlie  spiiml  nerves  taking  origin  from  thU  region,  and  may  be 
tmced  (in  the  dog)  aa  high  up  as  the  6th  thoracic,  a  f«w  perhiips 
even  to  the  4th  thoracic,  and  aa  low  do^vn  aa  the  3nd  lumbar 
(4th  lumliar  if  only  13  nerves  be  counted  as  thoi-acic) ;  but  most 
seem  to  pass  by  the  llth.  12th  and  ISth  thoracic  nerves.  I'asuing 
through  Uie  currc-^imuding  ganglia  of  the  sj'mpathetic  chain, 
these  libres  rvach  the  Holar  plexus  and  thus  the  renal  plexus  by 
the  splanchnic  nerve;  those  however  coming  from  some  of  the 
lower  nerves  apparently  do  not  contribute  to  the  spknchnie 
nerre,  but  take  a  separate  course.  Centrifugal  stimulation  of 
these  anterior  roots  produces  shrinking  of  the  kidney,  all  the 
more  marked  and  distinct  in  the  cose  of  the  llth.  12th  and  18th 
thoracic  roots  because  the  effect  on  thekidney  is  then  not  so  much 
masked  by  vaso<moU>r  efTccts  on  other  organs.  Slinmlatiun  of 
tiM  higher  roots  abtu  produces  shrinking  of  the  kidney  but  less 
niarkea,  since  in  these  vaHen  the  ntimulation  iKtars  at  the  teme 
time  largely  on  vaso-conatrictor  ti  brea  for  other  abdominal  organs, 
aixl  fio  bv  I'aising  the  general  blood-pressure  tends  to  ueutralixe 
the  local  effect  on  the  kidney.  And  even  the  very  decided 
shrinking  of  the  kidney  wliicli  results  from  the  stimulation  of 
the  splanchnic  trunk  itself  is  Less  than  would  take  place  if  the 
stimulation  affected  the  ve»sel.-«  of  the  kidney  only. 

§  333.  'ITiere  is  also  some  evidence  gained  by  the  method 
of  slowly  repeated  rhythmical  stimuUition  (^  146)  that  some  of 
the  higher  (anterior)  roots  also  contain  renal  vasci-dilator  tibres ; 
but  the  matter  is  not  at  present  beyond  dispute. 

§  334.  It  is  obvious  then  that  by  means  of  this  \-aao-motor 
nechnnisni  the  flow  of  blood  through  the  kidney  is  governed  by 
the  central  nervous  system  in  suuh  a  way  that  afferent  impulses, 
started  in  this  or  that  region  or  surface,  and  passing  up  to  th« 
central  nervous  sy.item.  may  lead  either  to  constnction  or  to 
dilation  of  the  renal  vessels ;  and  to  such  actions  of  this  kind  we 
ahall  presently  return.  Meanwhile,  we  wish  to  call  attention  to 
the  fact  that  cliang<es  in  the  flow  of  blood  through  the  kidney, 
as  shewn  by  changes  of  volume,  may  be  brougtit  about  quits 
apart  from  the  centnd  nervous  system.  For  instance  after  all 
the  nerves  goiug  to  the  kidney  have  been  severed,  the  kidney, 
as  shewn  by  the  oncometer,  swells  when  substances  such  as  urea, 
which  cause  an  increase  in  the  neoi-etion  of  urine,  are  injected 
into  the  blood.  The  aulvtanoe  reaching  the  kidney  by  the  blood 
stimulates  the  kidney  to  activitr,  and  this  is  accompanied  by  a 
dilation  of  the  blootl  vessels,  wtiieh.  sinco  the  nerves  have  been 
severed,  must  be  brought  about  by  some  local  action.  The  event 
se«D  is  similar  to  the  greater  flow  of  blood  through  a  muscle 
when  it  contracts.     Cf.  §  146. 
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§  335.  If.  whili-  tlm  kidiivy  i»  in  tlic  nncomctvr,  mid  the 
vnriniirt  exi>ei'imetit.s  on  section  and  !<tiniulauun  of  n«rvcs  mid 
the  like  are  being  can-led  on.  a  cannula  ))e  tied  in  tlie  ureter,  l)ie 
secretion  of  urine  may  !»  watched  ai  the  same  time.  It  will 
then  be  seen  that  the  flow  of  urine  through  the  end  of  the 
cannula  in  not  equuhk'.  :ind  dut's  not  tiitht'r  increase  or  decrease 
in  un  cvvii  inriniivr.  On  t)ie  contmry.  it  will  fnM]ucntly  be 
found  that  a  sort  of  gush  of  nrine  tnkes  [ihiw,  several  uropD 
following  each  other  in  I'apid  Huccesxinn,  followed  by  a  cessation 
of  flow;  and  if  the  ureter  be  watched  it  will  be  seen  that  the 
gushcM  of  urine  are  synchronous  with  waves  of  i^eiistaltic  con- 
traction sweeping  down  the  ureter.  Obviously  the  urine  collects 
to  u  ccrtitiu  extent  in  the  pi.*lvis  of  ibe  kidnvy  and  is  driven 
iliencc  by  muscular  action  fi-om  time  to  time ;  to  this  point  we 
shall  return  later  on. 

Making  every  allowance,  however,  for  these  irregularities  of 
flow,  we  may  take  the  rate  of  flow  from  the  end  of  the  cannula 
as  a  measure  of  the  nitc  of  secretion ;  and  it  is  found  that  as  a 
gen<fral  rule  incre;ised  flow  of  urine  is  coincident  with  swelling 
of  the  kidney,  that  is  with  a  gicnUtr  flow  of  bloixl  through  it, 
und  diminished  or  arrested  flow  of  nrine  is  coincident  with 
shrinking  of  the  kidney,  that  iit  with  a  diminished  flow  of  blood 
through  It. 

A  striking  instance  of  this  is  affoi'ded  by  the  experiment  of 
dividing  in  the  dog  the  splnnl  cord  below  the  spinal  bulb.  The 
blood -pressure  then,  as  we  know,  falls  rapidly,  owing  to  tlic 
removid  of  con.striotor  impulses  from  the  small  lutcries  and  the 
great  diminution  of  ]>eriphei-al  resistance  which  follows  ujxm 
so  many  Hmall  arteriea  becoming  dilated ;  and  though  tlie  renal 
arteries  probably  share  in  the  general  relaxation  yet,  owing  to 
the  fall  of  pressure  in  the  aorUi  conjoined  as  this  is  by  a  corre- 
sponding rise  of  pressure  in  the  vena  cava,  the  flow  of  blood 
through  the  kitiney  is  largely  (liminishcd.  Wc  find  ihat  after  the 
operation  the  secretioTi  of  urine  is  greatly  diminished;  indeed, 
in  most  eases,  the  flow  from  the  end  of  a  cannula  is  almost 
arrested.  In  fact  we  may  almost  make  the  general  assertion  that, 
when  in  the  dog  the  blood-pressure  fails  to  about  30  mm.  iig  or 
less,  the  secretion  of  urine  is  for  the  time  stop[>ed.  These  and 
Other  results  sup[X)rt  the  view  stated  nbovc  that  the  secretion  of 
urine  is  in  quite  a  speci.i!  wity  dc|x-iidcnt  on  the  flow  of  biood 
through  the  kidney ;  and  we  may  further  conclude  tlnit  the 
secretion  which  is  so  particularly  influenced  by  the  flow  of  blood 
is  that  special  kind  of  secretion,  allied  to  liltration.  which  takes 
place  through  the  glomeruli,  and  not  the  more  ordinary  kind  of 
Kccretion  by  lucjins  of  the  epithelium  of  the  tubuli  uriniferi. 
But  before  we  proceed  to  discuss  how  the  incroised  flow  of 
blnod  increases  the  glomerular  flow  of  urine,  wc  must  turn  to 
consider  the  functions  of  the  epithelium  of  tlic  tubuli. 


CiiA*.  ui.]     EUJIINATION  OF   WASTE  PRODUCTS.        633 


Secretion  btf  tie  Jteruil  SpttAelium. 

§  336.  The  glomerulat  meehaniam  U  after  all  a  small  por- 
tion only  of  the  wliole  kidney,  nntl  the  vpilhclJum  over  a  Inme 
part  of  lliB  course  of  the  tuiuli  uriniferi  \)ttnrs  must  dJstiricUy 
tlie  fhitructore  of  an  activB  seci-etinp  epithelium.  These  facia 
woiihi  lead  U8  d  priori  to  suppose  that  the  How  of  mine  is  in 
part  (he  re.ttilt  of  an  active  seoretinn  cnm parable  to  that  of  the 
salivary  or  other  glands  which  we  liave  already  studied.  And 
we  have  csperimental  and  other  evidence  that  such  is  the  case. 

In  the  tinit  pltice  n  flow  of  urine  nmy  be  urtilicially  excited 
even  when  the  naUiriil  tluw  has  been  arrctitud  by  diminution  of 
bIi>od-pru«KUre.  ThuM  if,  when  the  urine  has  ceased  to  flow  iu 
oonsequenee  of  a  nection  of  the  spinal  hnlb.  certain  substances, 
sDch  as  urea,  urates,  sodium  acetate,  and  tlie  like,  be  injected 
into  the  blood,  a  more  or  less  copious  secietion  is  at  once  set 
up.  ThU  secretion  is,  or  at  least  may  be,  unaccompanied  by 
any  rise  of  general  blood-pressure  sufficient  to  account  for  the 
incMMLsed  secretion  iw  the  mere  result  of  im  increased  flow  of 
blood.  It  is  true  (as  wc  have  seen  ^  3.14)  that  the  injection  of 
these  substances  leads  to  an  expansion  of  the  kidney,  to  a 
fuller  flow  of  blood  through  it;  but  this  Ls  the  effect  rather 
than  the  cause  of  the  secretory  activity.  We  may  infer  that 
the  presence  of  the  above  substances  in  the  blnnd  excites  the 
renal  epithelium  cells  to  an  unwonted  activity,  causing  them  to 
pour  into  the  intciior  of  the  tubules  a  copious  secretion,  just  as 
the  presence  of  pilocarpin  in  the  blooil  will  cause  the  salivary 
evils  to  pour  forth  their  secretion  into  the  lumen  of  their  ducts; 
and  tltat  this  activity  of  the  epithelium  cells  is  ttccomuanied, 
also  as  in  the  case  of  the  submaxillary  and  other  glands,  by  a 
vascular  dilation,  which,  though  adjuvant  and  beneticial,  is  not 
the  distinct  cause  of  the  aotivltv.  'I'his  view  is  ftirtlter  sup- 
jiorted  by  the  following  remarkable  experiment,  which' goes  far 
to  shew  that  of  the  varioua  substances  which  having  found  their 
way  into  the  blood  are  thrown  out  by  the  kidney,  some  pass 
into  tbe  urine  llirough  the  glomeruli  while  others  are  distinctly 
secreted  by  the  lubuli  urini^ri,  the  dtschnrge  of  the  latter  1x-ing 
accompanied  by  a  gencml  activity  of  the  secreting  cells,  as 
shewn  by  the  flow  of  water  taking  place  at  the  same  time. 

In  the  amphibia,  the  kidney  has  a  double  vas^'ular  supply:  it 
receives  arterial  blood  from  the  renal  artery,  but  there  is  also 
poured  into  it  venous  blood  from  another  source.  Tlie  femoral 
vein  divides  at  the  top  of  the  ttilgh  into  two  branches,  one  of 
which  nms  along  the  fix>nt  of  the  abdomen  to  meet  it«  fellow  in 
the  middle  line  hikI  form  the  luiterior  nlKlominal  veiu,  while  the 
other  iHLsses  to  the  outt-r  Ix^rder  of  the  kidney  and  branches  in 
the  sutotanee  of  tliat  organ,  forming  tbe  so-called  renal  portal 
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^stem.  Now  the  glomeruli,  in  some  species  at  \easl  of  these 
animaU.  are  supplied  exclusively  by  ih«  branchi>s  of  ihu  reaal 
artcTj,  the  reiul  rtnm  portw  only  senrius  to  form  the  ntpillnry 
plexus  around  tbe  tabuli  uriniferi,  which  a  aUto  supplied  by  the 
efferent  Teasels  of  the  glonkenili.  From  thb  it  is  obvious  that 
if  tbe  renal  artery  be  tied,  the  blood  is  shut  off  entirely  from 
tbe  glomeruli ;  and  actual  ofaaerTation  of  tbe  kidney  has,  in  the 
animaU  in  qneation,  shewn  that  under  these  circumstances  there 
is  no  reflnx  from  the  capillarv'  network  surrouuditig  the  tubules 
back  to  the  glomeruli:  thiLS  the  kidney  by  this  »iinplc  opcnitioQ 
a  transfonni-d  into  an  ordinary'  »;cretio];  gland  devoid  of  any 
special  filtering  raeohiuti»ni.  Such  a  kidney  niav  be  iLsed  to 
aaoertain  wliat  »u1»taiicas  are  excreted  by  the  glomeruli,  and 
what  by  the  tuhiilea  in  some  other  part  of  their  course.  It  is 
found  that  urea  injected  into  the  blood  gives  rise  to  a  secre- 
tion of  urine  when  the  renal  arteries  are  tied ;  this  substance 
therefon;  is  secroted  by  the  epithelium  of  the  tubules,  and  in 
being  so  secreted  gives  rise  at  tiw  same  time  to  a  How  of  water 
through  the  cells  into  the  interior  of  the  tiibuleH.  Sugar  and 
peptones,  on  the  other  hand,  which  injected  into  the  blond 
readily  pasn  through  the  untouched  kidney  and  appear  in  the 
urine,  do  not  jiass  through  a  kidney  the  renal  arteries  of  which 
have  been  tied,  even  when  a  diuretic  such  as  urea  is  given  at 
tliB  same  time  in  order  to  secure  a  flow  of  urine.  These  sub- 
stances therefore  arc  excreted  by  the  glomeruli. 

The  validity  of  this  experiment,  which  may  be  accepted  as 
indicating  n  marked  difference  between  glomendar  secretion  on 
tbe  one  hnntl  and  epithelial  or  tubular  secretion  on  the  other, 
depend.t  on  the  absence  of  any  collateral  circulation  whoieby  the 
glomeruli  may  be  supplied  with  blood  after  ligature  of  the  renal 
artery.  In  these  animaU  anastomoses  occur  octweon  the  renal 
arteries  and  the  arteries  of  the  generative  organs ;  and  unless  tbe 
renal  artery  be  so  tied  its  to  avoid  these  collateral  communications 
the  results  of  the  cxjjeriment  are  different. 

Additional!  eviileticu  in  favour  of  the  8ecretory  activity  of  the 
epithelium  cells  Li  affoi-ded  by  the  following  oltservatiou.  Into 
ttic  veins  of  animals  in  which  the  urinary  flow  had  been  arrested 
by  section  of  the  apiual  cord  below  the  medulla  a  quantity  of 
the  blue  colouring  material  known  us  sodium  sulphiiidigoiate^ 
is  injected.  This  substance  is  mpiilly  excreted  on  the  one  hand 
hv  tfie  liver  in  the  bile,  and  on  the  other  hand  by  the  kidney. 
By  %'arying  the  quantity  tnject«d,  killing  the  animals  at  appro- 
priate times  after  the  inieotion  of  the  material,  and  examining 
the  kidneys  microscopically  and  otherwise,  it  may  be  ascertained 
that  the  pigment  so  injected  passes  from  the  blood  into  tbe  renal 
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epith«Uum,  And  from  the:icc  into  the  channels  of  the  tubules. 
There  beinf?  no  stream  of  fluid  through  the  tuhules,  oninj;  lo  the 
srriMt  of  urinary  flow  by  means  of  the  preliminary  operation,  tlia 
pigment  tiavcU  very  little  way  down  the  interior  of  the  tubulin, 
luid  remains  very  much  where  it  was  cast  out  hy  the  epithelium 
culU.  There  are  no  traces  whatever  of  the  pigment  having 
paiued  by  the  glomeruli ;  and  tlic  cells  which  appear  most  dis- 
tinctly to  take  up  and  eject  it.  are  those  lining  Nuch  portions  of 
the  tubules  (viz.  the  firal  and  second  convohilvd  tubules,  zigzag 
tubules  and  ascending  limbs  of  the  loops  of  Henle)  an  from  Uieir 
microscopic  features  have  been  auiipa'ted  to  be  the  actively 
svci%ting  poi-tiouH  of  the  entire  tubules. 

The  above  observation  may  bd  objected  to  on  the  ground  that 
this  colouring  matter  does  not  occur  as  a  constituent  of  the  blood 
either  in  health  or  disease,  and  ospeciiilly  tlmt  the  abnonce  of  any 
concomitant  discharge  of  fluid  from  the  cells  excites  suspicion 
that  the  process  observed  was  itot  really  one  of  secretion;  for 
the  injection  of  such  substances  as  urea  or  nriites  into  the  blood 
does  cause  a  copious  llow  of  fluid,  and  indeed  thus  prevents  the 
microscopic  tracking  out  of  their  passage,  which  in  the  case  o( 
urates  might  otherwise  be  done  much  in  the  same  way  as  with 
tlie  sodium  sulphindigotate.  Still  in  birds,  the  urine  of  which 
contains  tittle  water,  urates  may  be  detected  in  the  eptthelinia 
of  the  tubules  though  not  in  the  capsules.  Without  insisting 
too  mucli  on  the  value  of  the  sodium  sulphindigotate  e\peri- 
nwuts,  they  maj'  be  taken  as  fairly  supporting  the  view  which 
we  are  considering.  We  may,  for  the  present,  conclude  that  the 
iiecretionof  urine  does  consist  of  two  separate  and  distinct  acto: 
secretion  by  tlie  glomeruli,  which  we  may  for  brevity's  sake 
speak  of  as  glomerular  secretion,  and  secretion  by  the  epitheliuin 
of  the  tuhuli,  which  we  may  speak  of  similarly  as  tubular  secre- 
tion. Both  these  forms  of  secretion,  especially  the  former  hut 
to  a  certain  extent  the  latter  also,  differ  from  the  secretion  of 
sueh  a  gland  as  the  salivary,  and  both  deserve  some  special 
consideration. 

§  337.  Thxjtatur«ofgtomenUar»eereUon.  Wchave8e«n  that 
the  exjiansion  of  the  kidney  which  has  for  its  accompaniment  no 
increased  flow  of  urine  is  one  brought  about  by  the  renal  artery 
and  its  various  branches  becoming  dilated,  under  such  circum> 
stances  that  tlie  difference  between  the  blood- pressure  in  tlw 
aorta  at  the  mouth  of  the  renal  artery  and  the  blood-pressure  at 
tb«  vena  cava  at  the  mouUi  of  the  renal  t-eiu  is  at  the  same  time 
increased,  or  at  all  events  is  not  diminished. 

In  dealing  with  tlie  vascular  system  we  saw  that  relaxation 
of  a  small  artery,  taking  place  without  any  marked  change  in 
the  general  blooo-presaure  and  in  neighbouring  arteries,  leads  to 
a  foller  and  more  rapid  stream  of  blood  through  the  capillaries 
supplied  by  the  arterj',  and  that  at  the  same  time  the  pressure  in 
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tlie  i-apillHries  theittowlves  is  iacrea8«d;  owiii»  to  the  dpcrcucof 
periiiheml  re^Lilaiice  tliroagb  the  wi»ieniiigof  tlit-  artery,  Uic  f^an 
fall  of  preaaure  (see  §  98)  ho  characteristic  of  the  peri]>hi;nil 
region  ia  shifted  from  the  arterial  side  of  the  ca[»llai-ied  tovraidt 
the  vonus  side  and  to  the  cA[Hllaries  themselves. 

Hence,  as  wo  have  already  said,  when  the  renal  artery  dilates 
two  thiu<^  huppvii  in  the  loops  of  ttiL-  (glomeruli:  a  fuller,  more 
rapid  :<.trciuii  of  blood  p«««e»  through  them,  and  that  blood  as  it 
tlowH  tiirough  them  ia  ex«rtin^  a  greater  preitsure  than  before 
on  their  walLi.  How  does  each  of  the  events  stand  towards  the 
secretion  of  urine  ? 

We  liav«  not  at  present  the  means  of  inducing  a  fuller  and 
more  rapid  flow  without  iucrcAsing  the  pressure;  but  we  may 
easily  obtain  iuureusc  of  pressure  without  the  fuller  and  more 
ntpid  tlow.  If  we  hinder  or  obstruct  the  outflow  through  the 
renal  vein  we  at  once  increase  the  pressure  in  the  glomerular 
loops  nil  in  the  other  oajnllaries  of  the  kidney.  Now,  when  the 
blood-pressui-e  in  the  glomeruli  is  thus  raised  by  partial  obstruc- 
tion to  the  venous  outflow,  tlie  flow  of  urine  so  tar  from  being 
increased  is  diminished.  Obviously  then  the  passage  of  «'ater 
and  material  Uirough  the  walls  of  tiic  glomerular  loops,  to  go  to 
form  the  urine,  is  not  the  result  of  mere  pressure,  and  cannot 
therefore  be  spoken  of  proiierly  as  a  process  of  liUralion. 
(Cf.  §  244.)  And  we  may  here  draw  a  comparison  between 
the  passage  of  water  and  material  through  the  wall  of  a  capillarv 
in  au  ordinary  situation  to  foim  lymph  and  the  passage  tbroagft 
the  wall  of  the  glomerular  loop  to  form  urine  or  ptirt  of  urine. 
The  fonner  as  we  luive  seen  (§  244)  appears  to  be  depeudent  oq 
preiuure,  though  infltienced  as  we  have  «Uo  seen  in  a  very  mate* 
rial  way  by  the  condition  of  the  vascular  wall:  and  hindrance 
to  venous  outflow,  so  inefficient  in  promoting  a  flow  of  urine,  is 
BS  we  have  seen  esnecially  favourable  to  the  transudation  of 
lymph.  Moreover,  tne  sumtances  whieh  pass  through  the  capil- 
lary wall  to  form  lymph  mar  be  described  as  the  constituents 
of  the  blooil  generally,  proteids  as  well  as  salts  and  other  soluble 
and  difftisible  matters.  Through  the  wall  of  the  glomerular 
loop  there  pass,  so  long  as  that  wall  is  sound  and  intact,  neither 
albumin  nor  globulin  nor  fibrin  factor,  but  only  water  accom- 
panied by  8ome,a»d  apparently  a  selection  of  some. of  the  soluble 
diffusible  constituents  of  the  blood;  for,  as  wo  have  said,  the 
presence  of  proteids  in  normal  urine  is  contested,  and,  at  most, 
there  is  present  an  insignitieant  quantity  only  (which  moreover 
may  come  from  the  tnhuhir  epitlielinin).  This  difference  in  the 
RUiterial  which  passes  through  miiy  be  referred  to  the  differences 
in  the  nature  of  the  juirtitton.  The  u-anaudation  of  lympb  takes 
place  tiirough  the  capillary  wall;  between  the  blood  on  one  side 
and  the  lymph  in  the  lymph-space  on  the  other  is  only  tlie  lliia 
film  of  conjoined  epithelioid  plntes.     But  the  correspomling  wall 
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of  the  gloiRcrulitr  loop  i»  covered  over  and  wrapped  round  so  to 
speak  by  an  adherent  la^er  of  cells,  wliicti  though  ruduced  And 
tliin  are  still  epithelial  cells ;  the  niateriabt  which  gt>  to  form 
urine  have  lo  pains  through  these  cells  as  well  aa  thiougli  the 
film  of  epithelioid  pliites.  It  seems  to  bo  this  layer  of  cells 
wbii'l]  Jctvnnines  what  shall  pii^s  and  what  slitiU  nut. 

Obviously  the  passage  through  iWis  vpitbi'lium  is  of  a  peculiar 
nitturv.  The  ncce!u«iry  condition  for  the  <hie  uccoinplii«hmL>Qt  of 
Uie  pOKsnge  \»  as  we  have  »een  a  full  and  rapid  sti-eani  of  (ui-terial) 
blood;  the  high  pre&><ure  which  accompanies  that  full  and  rapid 
strean],  thougli  probably  under  normal  cireumstances  an  adju- 
vant, is  by  itself  helpless.  Thus  when  the  pressure  is  mised  by 
venous  obstruction,  m  which  case  tbi;  high  pressure  is  iiccom- 
pnnied  by  a  slow  stream  or  by  actual  arrest  of  thu  How,  even  the 
paxtukgv  of  mere  water  is  rctardod.  Seeing  that  many  of  the 
constituents  of  urine  arc  diffusible  substances  certainly  pre- 
existing in  the  blood,  inorganic  xalines  for  instance,  and  seeing 
that,  if  we  may  trust  the  ex[>erimentA  on  the  amphibian  kidney 
spoken  nf  above,  difTuHible  abnormal  constituenttt  of  blood,  »ucli 
aa  peptone  and  sugar,  pass  into  the  urine  not  by  ihe  tubular 
epithelium  but  by  the  glomeruli,  wo  might  expect  that  diffu- 
sion, in  contrast  to  filtration  (seu  §  253)  played  an  important 
part  in  the  passage  i  and  n  full  rapid  stream  would  undoubtedly 
favour  difTusioa.  But  diffusion  by  itself  will  not  explnin  mnt- 
t«rs.  Egg-albumin  ditfers  very  slightly  as  regards  diflWibility 
from  se  rum-album  in.  and  yet  while  at  the  most  a  minute  quan* 
tity  only  of  the  latter  passes  into  the  mine  in  normal  circnm- 
sbinoes,  tbe  former  when  iniocted  into  the  blood  at  once  makes 
ibi  way  into  the  urine,  and  tbcrc  ia  evidence  that  it  passes  by  the 
glomeruli.  On  the  other  hand  urea  is  an  eminently  diffusible 
body,  and  yet  if  we  can  trust  the  expcrimentit  on  the  amphibian 
kidney,  the  main  mit.ts  at  all  events  of  the  urea  of  the  urine 
pMses  by  the  epithelium  of  tbe  tubules. 

Tlia  im{>ortant  part  played  by  the  epithelium  is  shewn  when 
the  epithelium  is  deranged.  If  the  renal  artery  be  temporarily 
ligatured  or  otherwise  obstructed,  so  that  the  glomendi  are  for 
»ome  little  time  shut  off  from  their  blood-supply,  the  secretion  of 
urine  is  stopped;  on  rt^cstitblishment  nf  the  circulation  the 
secretion  nf  urine  slowly  returns,  and  tbe  urine  is  then  found  to 
be  albuminous,  remaining  so  for  some  little  time.  The  serum- 
albumin  and  globulin  which  could  not  pass  through  the  intact 
epithelium,  can  pass  through  when  the  epithelium  has  been 
damaged  by  intederenec  with  its  nutrition.  The  appearance  of 
albumin  in  the  urine  (albuminuria)  is  a  not  infrequent  symptom 
of  kidney  disease,  and  its  presence  in  other  than  minute  quan- 
titiea  indtcate-M  imperfections  in  the  glomerular  epithelium.  Hut 
even  under  nnhealtliy  eonilitions  that  enithelium  still  governs  to 
a  certain  extent  the  jms-nage  of  material ;  for  tbe  proteida  of  the 
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hlood'plasma  do  not  piLS»  through  bodily  or  in  a  proportion 
which  correspond!*  eitlior  to  the  reUtive  proportion  in  which 
they  exist  in  the  plaama  or  to  the  relative  ease  (or  diSioulty) 
with  which  they  paaa  through  niemhraaes.  Though  the  "albu- 
min "  of  albuminous  urine  frequently  consists  of  both  scrum- 
iilbumin  and  globulin,  the«»  do  not  necessarily  occur  in  the 
same  proportion  as  in  blood ;  thi.'y  vury  iu  urinu  much  more  than 
they  do  in  blood;  und  iiulcud  the  one  or  the  other  may  ba 
absent;  moreover  fibrin  factow  are  very  rarely  found. 

Hninoglobinurta,  or  the  pi-esence  of  hajmoglobin  in  urino, 
may  be  brought  about  by  injecting  into  the  blood  vessels  Inky 
blood,  or  some  substance  HUch  as  pymeallio  acid,  which  will 
"breaJc  up"  the  corpuscles  of  the  blood.  Now  in  such  cases 
there  is  evidence  that  the  hwmoglohin  passes  through  the  glom- 
eruli; minutti  disc-like  masses  of  hictnoglobin,  the  so-called 
'menisci,'  nrc.  by  appropriate  metliods  of  preparation,  found  in 
»itu  in  the  ca|>sules.  Such  a  paj^sage  is  very  faj-  removed  from 
being  a  process  of  diffusion. 

We  may  conclude  then  that  the  paAsage  of  material  thrnngh 
the  glomeruli,  like  the  transudation  of  lymph  and  even  to  a 
more  marked  extent,  is  a  complex  affair  in  which  the  ordinary 
physical  processes  of  diffusion  and  filtration  may  play  their  part, 
but  uru  not  ma-stcrs  of  the  situation. 

§  338.  The  work  of  Ihr  fpUhfliuvt  uf  fht  luhuUt.  As  we  ha^•o 
said  tiie  stnictiiral  features  of  the  epithelium  cells  of  the  tubulca 
seem  to  justify  the  concluwion  that  they  exercise  a  secretory 
activity  comparable  with  that  of  a  salivary  or  a  gastric  gliina. 
But  their  work  is  in  many  ways  peculiar.  In  the  case  of  the 
srtlivary,  gastric,  and  pancreatic  glands  thcra  can  be  no  doubt 
that  the  spcuilio  constitucnUt  of  the  several  secretions,  mucin, 
pepsin,  trypsin  and  the  like,  nrc  manufactured  in  the  alveolar 
cells  out  of  antecedents  of  some  nature  or  other.  The  cvidi>ncv, 
as  we  have  seen,  is  all  against  the  view  that  these  glands  merely 
withdi-aw.  secrete  in  the  old  sense  of  the  word,  from  the  blond 
these  substances  preexisting  in  the  blood.  When  the  salivary 
glands  are  extirpated  or  thu  pancreas  or  the  stomach  removed 
there  is  no  accumulation  in  tho  blood  of  the  speciric  constituenta 
of  the  coriTsponding  secretinuj*.  So  also  when  the  liver  is  extir- 
pated there  is  no  accumuhition  in  the  blood  of  either  bile  acids 
or  bile  pigment.  With  regard  to  the  kidney  in  relation  to  the 
most  important  constituent  of  urine,  namely  urea,  the  case  is 
different.  If  the  kidneys  in  a  mammal  l>e  extiqinted,  or  if  the 
kidnevs  by  disease  or  by  ligature  of  the  ureters  be  so  damaged 
as  to  he  unable  to  cany  on  their  work,  an  accumulation  takes 
place  in  blood,  not  ax  vnm  once  thought  of  somo  ant4;ccdent  of 
uroa  8ueh  as  ki«atin,  but  of  urea  itself.  In  the  oajmi  uf 
birds  and  reptiles  which  excrete  not  urea  hut  chielly  urio  acid 
the  accumulation  ia  one  of  uric  acid.    Obviously  in  secreting 
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urea  th«  work  of  the  epithelium  nf  the  tubiilcs  is  larj^cly  if  not 
fixcluTiivGly  confined  to  simply  piokiii^  the  ni'es  out  of  the  blond 
and  pushing  it  so  to  speak  into  the  lumina  of  tlie  tubules.  We 
might  p(.-i-hu[)s  say  exclusively,  for  there  is  no  t-vidence  that  any 
ureti  Ht  all  is  actually  mnnufiictured  in  the  kidney. 

How  tlitf  urf:)i.  which  in  in  thiu  pceuHiir  miiiincr  taken  out  of 
tlie  blood,  conitiK  to  make  its  appearance  in  tlie  blood  is  a  problvm 
in  which  the  kidney  ia  not  concerned  and  with  which  we  shall 
deal  in  treating  of  the  ineta)>olic  events  nf  the  body  generHlly. 

&  339.  hi  the  case  of  some  other  constituents  of  the  urine 
we  nave  evidence  that  the  wlls  do  something  more  than  simply 
pick  the  constituent  out  of  the  blood.  Hippuric  acid,  as  we  have 
tMwn,  occurs  in  small  quantity  in  tlie  urine  of  uuin,  and  in  larger 
amount  in  the  urine  of  hcrbivora.  Now  hippuric  acid  may  bs 
formed  by  the  lombination.  with  rlehvdmlion.  of  benrxiio  acid 
andglycin  (CTH^Oj  +  CaMsNO,-  llnO^tUJ^NOa);  and  Iwnzoio 
acid  iiiUodnced  into  the  alimentary  canal  or  injectt^d  into  tho 
blood,  reappeai-s  in  large  measure  in  the  urine  as  hippuric  acid. 
Somewhere  in  the  body  the  bouioic  acid  meets  witli  and  com- 
binei^  with  glycin.  And  wo  have  expcrimentid  proof  that  the 
combiii»tion  may  and  probably  docs  take  plan)  in  the  kidney. 

If  a  circulation  of  blood  be  kept  up  llirough  the  blniHl  vt^^ssels 
of  the  kidney  freshly  remnved  from  a  living  atiimal.  and  benzoic 
acid  and  ^'lycin  l>e  added  lo  the  blood  aa  it  i»  aU^ut  to  enter 
into  tlie  kidney,  hippuric  acid  will  Im  found  in  tlie  blood  issuine 
from  the  kidney,  eanecittlly  if  tJie  same  blood  be  jiassed  tlirougb 
the  kidney  several  tiroes :  the  blood  used  must  be  blood  contain- 
ing oxyhicmnglubin,  carbon  ic-oxide-bu.'nioglobiu  not  producing 
the  effect.  The  men!  mixing  with  thu  blood  itself  Is  iiwuflicient; 
and  if  tlie  blood  be  acnt  not  through  a  kidut-y  jiwl  ivniovcd  from 
the  living  l>otiy  but  through  one  taken  from  a  dead  Imdy  or  one 
which  luw  been  left  lo  itjself  for  some  time  after  removal  from  ft 
living  body,  the  synthesia  will  not  be  effected.  To  carry  out 
the  combination  by  means  of  tlie  kidney  which  has  been  removed 
from  thu  body  the  kidney  must  retain  for  a  while  itx  own  life,  it 
muni  bo  a  "surviving"  kidney.  Nor  is  it  alwolutely  necvioary 
to  bring  ihe  Iwukoic  aeid  and  glycin  lo  the  kidney  by  nieamt  of 
a  blood-Mtri?nm.  If  a  "surviving"  kidney  1*  divided  rapidly 
into  small  pieces  and  the  l>enzoic  acid  rapidly  mixed  with  the 
piecea.  hippuric  acid  is  formed.  Nor  is  it  necessarj-  to  furnish 
the  glycin.  If  benzoic  acid  alone  be  used,  hippuric  acid  is 
foniied  all  the  same.  Glycin,  as  wu  have  prcvioiisty  said,  can- 
not bv  recugui/.cd  as  a  normal  coiistitUttut  oi  any  of  the  tissues ; 
nevertheless,  at  we  have  seen  in  !<pe«king  of  glycocholic  mid  in 
the  bile  and  as  we  shall  itee  lali-r  on,  glyein  must  make  a  niomeiv- 
tary  appearance  in  v:trious  uietabolit;  ]iroce^es  of  the  body.  l>eing 
immeujalely  on  its  appearance  converted  into  something  else,  so 
that  it  never  remains  as  glyciu.     It  apparently  is  formed  in  the 
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kidney,  and  is  thus  momentarily  aTailnble  for  the  coflversioR  of 
benzoic  into  hippuric  acid. 

H  KUetns  piiibiibl«  thcroforc  Uinl,  with  regard  to  this  par- 
tioilnr  coii«titiii;nl  of  nrine.  liippiirJc  aciil,  the  i?ulls  of  the 
tiibiilcti  hiivo  thu  [iow«r  of  effoirting  a  <;otiibiiintiini  lietween  the 
lienzoic  acid  bixiiiglit  to  them  by  the  blood  and  the  clyuin  which 
they  furnish  by  means  of  Uieir  own  metaboUsni.  ana  in  this  way 
produce  hippuric  Jicid. 

Not  only  benzoic  acid  but  many  other  bodies  taken  into  the 
system  reap|)cur  in  the  urine  combined  with  glycin,  and  in  their 
casus  also  the  uumbinatioii  proUihly  takes  phiee  throiigli  the 
ftiaivity  of  the  cells  of  tlic  tubules  of  the  kidney.  Moreover, 
other  changes  than  the  assumption  of  glycin,  tlie  various  changes 
which  many  chemical  substances  taken  into  the  system  undergo 
before  reappearing  in  the  urine,  pmbably  also  take  place  to  a 
large  extent  in  the  kidney,  and  arc  also  curried  out  by  means  of 
the  epithelium  of  the  tubules. 

What  other  constituents  of  normal  urine  arc  produced  in  this 
or  a  similar  manner  wc  do  not  iis  yet  delhiiti'Iy  know.  The 
pigment  urobilin,  whii^h  as  we  have  seen  is  supposed  to  be  a 
derivative  from  bilirubin,  may  be  brought  ready  formed  from 
the  liver  or  may  have  the  finishing  touches  given  to  it  in  the 
kidney  itcielf;  and  the  other  normal  or  abnormal  urinary  pig- 
ments potwibly  arise  cither  directly  from  bsemoglobin  or  indirectly 
from  that  lK»dy  throupb  the  biliary  pigment  by  a  transformation 
taking  pLiee  in  the  cells  of  the  tubules.  Thero  is  also  evidence 
in  frogs  that  acid  sodium  phosphate  is  furnished  by  tho  evils  of 
the  tubules. 

In  ooncliision  then  we  may  say  that  the  aetivity  of  the  epi- 
thelium of  the  kidney  appears  especially  modilied,  as  compared 
with  other  secreting  glands,  to  meet  the  spei'ial  object  which  the 
kidney  has  to  secure.  The  purpose  of  the  kidney  is  not  to 
provide  a  fluid,  urine,  which  can  be  made  use  of  for  the  needs 
of  the  body,  but  to  east  out  waste  matters  from  the  body.  Hence 
its  secretory  activity  is  limited  largely  to  the  mere  discharge 
of  matters  which  reach  it  precxistcnt  in  the  blood,  though  m 
several  ca.'«e8  it  gives  the  linal  shape  to  the  excreted  substaneo 
before  tliis  passes  into  the  ureter. 

§  340.  We  may  illustrate  the  preceding  discussions  by  briefly 
passing  in  review  some  of  the  more  usual  ways  in  which  the 
secretion  of  urine  is  in  oi-dtuaiy  life  modilied. 

In  the  preceding  section  the  com|x>sition  of  urine  was  illus- 
trated by  the  daily  output  of  the  scvcriLl  constituonts  rather 
than  by  a  percentage  account,  of  any  specimen  of  urine,  for  the 
reason  that  the  composition  of  urine  varies  wilhin  exti«mcly 
wide  limtte.  This  is  especially  the  case  as  regai-da  the  propoi^ 
tion  of  water  to  solids.  One  urine  may  be  of  high  speciflo 
gravity  with  a  small  amount  of  water  relsitively  to  the  solids. 
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while  another  may  li«v«  sn  little  colour  untl  such  a  low  speciflo 
gmvit}'  sut  to  Hpiivar  hanlly  more  ttiati  water.  Tho  reason  of 
these  «streine  ciilTdt'eneefl  lies  in  the  fuet  tb&l  the  kidney  is  not 
only  tliu  channi-1  by  which  wante  solids  lenve  the  hudy  htit  eUdo 
All  ini|>ortiiiit  outlet  for  the  discltar^  of  the  ittream  nf  nittiT 
which,  in  order  that  the  vimous  pvoeeHseK  of  the  hody  may  iw 
duly  carried  on.  is  continually  passing  thmugh  the  system.  It 
is  fiiequently  of  ndvaiiliiftc  to  the  body  to  discliiirge  through  the 
kidney  «  Inrgc  nniuuiit  of  waU^r,  more  or  li-ss  irrespective  of  the 
solid  mntlera  wliiuK  Arc  sn  lo  speak  washed  nway  with  it :  and 
hfincv  the  advantage  of  the  glomerular  nicchaiiisui  so  specially 
adapted  for  the  special  dUcliarge  of  water. 

As  we  shall  see  presently,  to  the  skin  also  falls  the  duly  of 
discharging  large  quantities  of  water.  The  respiratory  nrgiiim 
also,  as  wo  have  seen,  serve  for  thfe  discharge  of  water;  but  the 
amnuiit  which  the  latter  put  out  can  only  be  varied  by  the  incon- 
venient method  of  incrcaiting  or  diminiKhing  the  whole  act  of 
breathing.  Hence  we  find  special  relations  between  the  skin 
and  the  kidneys  correlating  tlie  work  of  the  one  to  that  of  the 
other  as  regards  this  particular  work  of  the  dUcbarge  of  water. 
When  the  body  is  exposed  to  tiold  the  dincharge  of  water 
from  the  skin  in  the  form  of  sweat  is  checked,  and  the  cutaneous 
vessels  are  constricted.  At  the  same  time  the  blood  vesselit  of 
the  abdominal  viscera,  including  the  kidneys,  are  dilated,  but 
not  out  of  proportion  to  the  constriction  of  the  cutaneous  ves.sels, 
for  the  general  blood- pressure  does  mit  fall  but  if  anything  rises 
Boniewhat.  Thus  thei*  is  established  just  the  state  of  thing* 
which  is  favourable  to  a  full  and  rapid  stream  of  blood  through 
the  renal  glomeruli ;  and  an  increased  flow  of  urine  resnlts. 

Conversely,  when  the  )>ody  is  exposed  to  warmth  the  akin 
perspires  freely  and  the  cutitneous  vessebi  are  widely  dilated ; 
and  conversely  also  the  renal  and  other  abdominal  vessels  are 
constricted,  so  that  a  itlow  and  small  stream  of  blood  tricklea 
through  the  glomeruli,  and  the  urine  which  is  secreted  is  sciintT. 
§  341.  F.vcn  more  important  than  its  relations  to  the  skin 
«re  the  relations  of  the  kidney  to  ihc  waier  alisorbed  by  tlie 
alimentary  canal ;  this  is  especially  seen  when  large  qiiantitie* 
of  fluid  are  drunk.  The  whole  of  the  water  thus  introduced 
into  the  alimentJtry  canal  passes  into  the  blood,  for  in  a  healthy 
organism  no  amount  of  fluid  drunk,  unless  it  throws  the  economy 
out  of  oi-der.  can  atTecl  the  amnunt  of  water  preoerit  in  the 
ttofxs.  But  the  addition  to  the  blood  of  even  a  verj'  large  quan- 
tity of  Suid  does  not,  st»  we  have  seen,  by  its  mere  quantity 
(§  164),  increase  the  general  blood- pressure,  and  therefore  can* 
not  in  thus  way  produce  what  it  undoubtedly  does  produce,  an 
increased  flow  of  urine. 

Since  a  kidney,  all  the  nerves  of  which  have  been  severed, 
dilates,  as  shewn  by  the  oncometer,  that  in  has  a  fuller  supply 
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of  Uood  nnd  at  the  same  timo  vieliU  a  fiiUer  How  of  iiriae 
when  wat«r  is  injected  into  the  blood,  we  may  infer  tlmt  the 
blood  diluted  bj  tlie  absorption  of  water  actn  diieotly  on  tho 
kidney.  We  may  further  suppose  that  it  ia  the  glomerular 
mecbaaism  which  ia  thus  especially  increased  in  activity,  though 
it  may  be  that  the  epithelial  secretion  is  aUo  augmented. 

When  however  iluid  is  takmi  simply  as  a  proper  accompani* 
ment  of  Molid  food,  tiie  increuse  of  urine  which  results  has  prob- 
ably another  origin.  As  we  have  ali-eady  said,  and  as  wc  shall 
point  out  more  fully  later  on,  the  absorption  of  proteid  material, 
which  ia  a  c'onstitueut  and  generally  a  conspicuoua  constituent 
of  every  meal,  leads  to  a  formation  of  urea;  and  urea,  as  we 
have  B(!cn  reason  to  believe,  directly  stimulates  the  epithelium 
of  tho  tubules  to  secretory  activity.  And  what  seems  promi- 
nently true  of  urea  m  probaWy  true  of  nianj-  other  products  of 
dige.-ition;  so  that  the  increased  flow  of  urine  whicli  follows  an 
oniinary  meal  accompanied  with  not  more  than  the  oiilinitry 
amount  of  Quid,  ia  the  result  of  the  laboui^  of  the  epithelium  of 
the  tubules  as  well  as  of  the  fuller  stream  of  blood  through  Uie 
glomeruli. 

§  342.  What  has  just  been  said  concerning  the  influence 
on  the  kidney  of  food  antl  water  may  be  applied  also  to  the 
action  of  substances  which  beinfr  especially  efllcacious  in  proraotr 
ing  a  flow  of  urine  when  taken  into  the  body  are  called  "  diu- 
retics." The  several  actions  of  various  dini-eties  are  very  varied, 
and  it  would  be  out  of  place  to  discuss  them  fully.  We  may 
however  say  that  while  the  actiou  of  some  appeara  simple  that 
of  others  is  complex. 

Such  agents  as  sodium  acetate  and  potassium  nitrate  appear 
to  produce  their  effect  chiefly  by  acting  directly  on  the  kidney. 
They  induce,  as  we  have  seen,  §  334,  local  vascular  dilation  nnd 
probably  act  by  stirring  up,  after  the  fashion  of  urea,  the  epi- 
thelium of  the  tubules  to  secretory  activity,  the  accompanying 
fuller  stream  of  blood  through  tho  whole  kidney  being,  as  in  the 
case  of  tho  salivary  and  other  glands,  a  useful  adjuvant,  though 
it  may  also  increase  the  glomerular  secretion. 

The  diuretic  effect  of  such  an  agent  iw  digitalis  is  probably 
more  complex.  By  increasing  the  car»li.ic  stroke,  ami  at  tho 
same  time  constricting  many  small  vessels,  digitalis  raises  the 
general  blood-pressure ;  but  the  tendency  of  the  increased  blood- 

Ereasure  to  increase  the  flow  of  urine  may  be  counterbalanced 
y  the  constriction  of  the  renal  vessels  themselves.  And  while 
it  is  a  matter  of  common  oxpvrionce  that  digitalis  is  verj'  effec- 
tive as  a  diuretic  in  canliac  disease,  there  is  great  doubt  whether 
it  really  acts  a^  a  diuretic  in  health  ;  in  cardiac  disease  it  prolv 
«Wy  raises  the  blood-pressure  hv  improving  tlie  cardiac  stroke 
and  not  by  constriction  of  the  blood  vessels.  But  even  in  the 
absence  of  cardiac  disease,  digitalis  has  been  found  in  pailicular 
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cases  to  act  aa  a  powerful  diuretic,  and  in  these  cases  either  it 
must  act  directly  on  the  tubular  epithelium  or  its  effects  in 
coutttrictinf;  the  reniil  nrtcricii  miut  be  iv-an  than  its  effects  on 
otliur  Mmiill  arteries  or  iiiUMt  pas-s  uff  buforc  the  iitlluencc  of  the 
bcigiit^nvd  blood-pre-ssure  hiw  ilisAppeiired. 

§  343.  Quit«  removed  from  the  intervention  of  chemical 
siib^tanceei  in  the  blood  and  yet  most  striking  is  the  influence 
on  the  kidney  of  the  central  nervous  s^-stem.  The  potent 
influence  of  emntiona  in  promoting  the  secretion  of  urine  is 
proTerbiul,  and  the  genenil  foalurcs  of '  nervous '  urine,  the  water 
iDcreascd  out  of  proportiou  to  thu  solid  constituunU,  especially 
seen  in  the  "urina  hj-sturica,"  which  itt  hardly  more  thua  simple 
water,  often  dischar^d  in  ennrmon^  quantity,  at  once  suggests 
the  view  tliat  impulses  originating  in  the  biain  and  pa.i»ing 
down  to  tlie  kidney  along  the  vasodilator  fibres,  of  whoso  exist- 
ence evidence  was  given  in  §  S83,  lead  to  dilated  blood  vessels 
and  great  play  of  glomerular  activity,  without  perhaps  produc- 
ing any  othvr  direct  vffvct  on  the  economy ;  though  possibly  the 
same  t-motions  by  con»lriotiiig  the  cubineou»  and,  it  may  be, 
other  vessels  may  raise  the  general  blood-preosure  and  «o  help 
the  dilated  renal  vessels. 


SEC.  3.    THE  DISCHARGE  OF   URINE. 


§  344.  The  urine.  lik«  the  bile,  is  secreted  continuously ; 
the  flow  may  me  and  fsill,  but,  in  hfultli,  nuvur  absolutely 
coosex  for  any  leugtlt  of  time.  Tlie  i^ussitttuu  of  rc-nal  activity, 
th(!  8o-ciillcd  «iipj)ro.ssiftii  of  nviiie,  entiiils  speeiiy  death.  The 
miiiulv  strciiiiis  passing  cniitinuoiiftly,  now  move  rapiilly  now 
miifo  slowly,  iiloiig  the  collecting  ami  discharging  tubnl«»,  are 
gathered  into  the  renal  pelvis,  whence  the  fluid  is  carried  along 
the  ureters  into  the  bladder  by  pressure  and  gravity  aided 
by  the  peristaltic  contractions  of  thu  museular  walls  of  the 
ureter. 

If  in  a  living  animal  a  urctvr  be  laid  bare  and  Btimuluted, 
m e chit uic ally  ur  ollnirwise,  at  a  part  of  it»  course,  waves  of 

fK.uistaltie  uoiilraction  may  be  seen  to  pans  in  both  directions 
rorn  the  spot  stimul.'iterl,  upwards  towai'd»  the  kidney  and 
downwards  towards  the  bladder.  In  the  absence  of  artilicial 
etinmlation  spontaneous  waves  of  contraction  make  their  appear- 
ance, sometimes  repeated  with  tolerable  regularity  (about  every 
20  seconds  in  the  rabbit},  sumctimes  occurring  in  groups  with 
longer  pauses  between.  Tlicsc  »punUneuus  contractions  inva- 
riably piiss  in  one  direction,  frooi  tlie  kidney  to  thu  bladder; 
and  their  frequency  and  vigour  seem  to  lie  determined  by  tho 
uetivity  of  the  secretion  of  urine.  But  they  are  not  directly 
called  forth  by  the  urine  either  mechanically  distending  the 
tube  or  chemically  stimulating  the  inner  surface,  for  regularly 
recurripg  contractions  may  Lb  observed  in  a  kidney  and  uret«r 
removed  from  the  body,  or  even  in  an  isolated  excised  piece 
nf  the  ureter. 

Tlie  rliytlimicully  rejieated  contractiona  arise  spontaneously 
in  the  muscular  coat  of  the  ureter  much  in  the  same  way  as  the 
similar  cardiac  contractions  arise  in  the  muscular  substance  of 
tlic  heart;  and  it  may  here  be  mentioned,  in  support  of  what 
was  urged  in  §  164  with  regard  to  the  lieart-beats  not  being 
started  by  nerve-cells,  that  rhythmically  repeated  spontaneous 
perisiallifi  contractions  have  been  observed  ni  isolated  pieces  of 
ureter  taken  from  the  middle  of  its  course,  in  which  uo  nervo- 
oells  could  be  observed. 

6U 
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III  llie  living  body  llidSR  Bpontaneous  movementa,  beats  tbey 
wight  be  calltid.  are  subordinated  to  the  flow  of  urine  into  the 
pelvitt;  the  more  active  the  secretion  of  urine  the  more  fre- 
quent and  vigui-ouit  iin:  thu  beat«  of  the  pelvic  and  ureter  ;  but 
tiio  exact  iiK^ibiiuisui  by  which  ihv  Dourution  and  the  niovvmuute 
are  utaiutuiuud  In  bttruiouy  lias  not  yet  betsu  vluurud  up. 


JUicturition. 

§  34S.  In  the  urinary  bluddur,  the  urini:  U  collected,  its 
return  into  the  urctem  beiu};  prevented  by  the  oblique  cntninci; 
into  the  bladder  and  vahiduir  nature  of  lliu  orifitx-s  of  those 
tubes;  and  ilH  discharge  from  thence  in  cnn.siderable  ([uantity 
in  effecteti  from  time  to  tinie  by  a  floiuewliat  complex  nniEtoutor 
niechnniam,  of  the  nature  and  working  of  which  the  folloning 
is  a  brief  account. 

The  iuToluntary  muscular  fibres  forming  the  greater  part  of 
the  vesical  walls  are  arranged  jjurtly  in  a  more  or  less  longitu- 
dinal, and  partly  in  u  circular  manner.  The  bladder  after  it 
has  been  emptied  la  contracted  and  thrown  into  folds;  us  the 
urine  gradually  collects,  the  bladder  liecomes  more  aiid  mure 
distended.  The  encape  of  the  fluid  is  in  [lart  prevented  by  tlie 
reRistance  offered  by  tne  elastic  fibres  in  (he  walla  of  the  urethra 
which  help  to  keep  the  urethral  channel  closed.  But  this  is 
not  all :  for  observation  shews  that  Quid  is  retained  within  the 
bladder  up  to  u  pressure  of  20  inches  of  waU-r  so  long  as  the 
bla<lder  is  governed  by  un  intiict  spinal  cortl,  but  gives  way  to 
a  pressure  of  (i  inches  only  when  the  lumbar  spinal  vord  is  de- 
stroyed or  the  vesical  nerves  are  severed.  This  afTordjs  very 
Htrong  evidence  that  the  fll>striictinn  at  the  neck  of  the  bladder 
to  the  exit  of  urine  depends  on  some  tonic  muscular  contraction 
maintained  by  a  reflex  or  automatic  accioi]  of  the  lumbar  spinal 
cord.  It  has  been  maintained  that  the  circularly  disposed  bbres 
specially  developed  urouud  the  neck  of  (he  bladder  are  the  sub- 
ject* of  this  tonic  euutructiou  and  thus  the  chief  instrument  of 
the  retention  ;  lienee  tJie  name  sphincter  vtMicic.  The  continu- 
ity of  thette  fibres,  however,  with  the  rest  of  the  circulnr  fibres 
of  the  bladder  suggests  tbnt  they  probably  do  not  act  a»  a 
sphincter,  but  that  their  ui«  lies  in  their  contracting  after  the 
rest  of  the  vesical  libres,  and  thus  linitOiing  the  evacuation  of 
tliu  bladder.  The  resistance  in  question  ia  supgdied  by  a  tonic 
eontraetiun  not  of  these  cirt:ular  fibres  of  the  bladder  it«elf  but 
of  tlie  muscular  fibres,  piortly  plain,  partly  striated,  surrounding 
the  pRiMtatic  portJon  of  the  urethm.  and  ctmslituting  the  *phineter 
ve*iea  rxl^rnm  i}t pTOHtalieu*  t\v  n\>\i\M-\vi- oi  Henle.  It  ik  stated 
that  artificially  excited  ooiilntctioiiH  of  theue  fibres  nill  resist  a 
pressure  of  Huid  in  the  bladder. 
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When  the  likdder  liiut  become  full,  we  feel  the  need  nf  iimlcing 
witt«r,  the  Hensatinii  Iiein^  heightened  if  not  caused  by  the  trick- 
ling nf  a  few  tirc)i>s  of  urine  from  the  full  bladder  into  the  ure- 
tljra.  We  are  then  tonsirious  of  an  iift'ort ;  during  this  effort 
tile  bladder  is  thrown  into  a  loiijj-cuiiliinieil  contraction  of  an 
obaeuruly  periHtaltic  n.tture,  tlit-  force  of  which  IK  more  than 
mifTK^ii.titt  to  overi'oiiic  tlie  resistnnee  offered  by  the  uretbra,  and 
the  urine  i.><!ttie»  in  n  etimm,  tlie  wphincter  vesica!  exteriuis  iK-iujj 
at  the  same  time  either  relaxed  after  the  fanbion  nf  tlie  sjibiiicter 
ani.  or  at  least  overeonie.  In  its  passage  along  tlie  urethra,  tbe 
exit  of  tbe  urine,  at  all  cvcnta  of  thi.i  lust  portions,  is  forwarded 
by  irregularly  rbytbmic  contractions  of  tlio  bulbo-cavcrnosoa  or 
ejuculator  urinic  muscle,  the  coutniclioEiM  of  winch  compress  the 
urethra ;  and  the  wliole  act  is  further  asttisted  by  pressure  on 
the  bhulder  exerl-ed  by  meana  of  the  abdominal  muscles,  very 
much  till-  same  as  in  defiecatinn. 

Kx]ierinients  on  cats,  dogs  and  other  animals  shew  that  cnn- 
tra<:tioii3  of  tbe  bladder  can  be  brought  about  bv  stimulation  of 
the  anterior  roots  of  certain  lumbar  nerves  cblefly  the  third  and 
fourth,  and  of  the  lirsl  three  sucrul  nerves;  stimulation  of  the 
anterior  roots  of  t  bo  nerves  between  tliese  two  sets  docs  not  i^ivc 
contractions  of  tiic  bladder.  The  sacml  roots  seem  to  have 
more  powerful  and  more  distinetly  unilateral  etfeeta  than  have 
the  lumbar  roots,  and  the  movements  brought  about  have  not 
exactly  tbe  same  character  in  the  two  cases,  though  it  cannot 
be  said  that  the  contraction  is  in  the  former  ease  strictly  longi- 
tudinal and  in  the  latter  case  circular.  The  nerve  iibrcs  issuing 
by  tbe  lumbar  nerves  pass  into  tbe  sympathetic  chain  imd  thence 
by  the  inferior  nu-senterio  ganj^lion  and  bypogastriti  nerves  to  ibc 
hypogaslrie  plcxiiN  ;  the  nerve  libres  issuing  by  tlie  sacral  pass 
more  ilwrctly  to  tbe  hypogastric  plexus. 

§  346.  We  said  fust  now  "when  the  bladder  has  become 
full,"  but  this  must  not  be  understood  to  mean,  "  when  the 
bladder  has  received  a  certuiji  quantity  of  fluid."  On  the  con- 
trary, it  is  a  matter  of  common  experience  that  wc  feel  the  desire 
to  make  water  sometimes  when  a  large  qnantity  and  sometimes 
when  u  small  qminlity  of  urinw  ba-s  aecnnndated  in  the  bladder. 
We  have  evidence  that  the  bladder  possesses  to  a  very  high 
degree  that  obscure  continuous  contraction  which  we  si>eak  of 
»»  'tone' ;  and  further  that  the  amount  of  its  tone  is  exceed- 
ingly variable,  the  organ,  quite  indejicndcntly  of  dUtinct  efforts 
at  micturition,  being  at  one  time  contracted  and  at  another 
fla<^id  and  distended.  When  it  is  in  a  contracted  state,  a  small 
quantity  of  tlnid  may  exert  the  same  effect  on  the  vesical  wallst 
as  a  larger  quantity  when  tbe  bladder  is  flaccid.  Hence  while 
the  determining  cause  of  the  desire  to  make  water  b  the  pressure 
of  the  urine  upon  the  vesical  walls,  the  quantity  needed  to  pro- 
duce the  necessary  fulness  is  dependent  on  the  amount  of  tonic 
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ton  t nil ^t  inn  of  the  iinismilar  fibres  exititine  at  the  time.  And  we 
have  evidence  that  this  toiio  is  rt'gulalod  by  the  nervous  system. 

§  347.  Micturition  us  skctchud  above  seems  at  first  sight, 
and  especially  whcu  wi?  upi^^id  to  our  own  consciousness,  a  purely 
Totuutary  act.  A  voluntary  odort  tbrowH  the  muscular  fibres 
of  the  bladder  into  contraptions,  nn  acciomjtaiiyinjj  vohmtary 
effort  lesneiw  the  tone  of  the  apliinctpr  exlerniis.  probably  by 
inhibiting  its  centre  in  the  spinal  rord.  while  other  voluntary 
efforts  throw  the  ejaculator  and  abdominal  muscles  into  con- 
tractions, and.  the  i-eaistance  of  thi-  uri'^thra  being  thereby  over- 
come, the  exit  of  tlic  urine  uiittirully  follows. 

There  aro  fnct«,  however,  wliicli  prevent  the  acceptance  of 
so  simple  a  view.  In  the  fintl  place,  in  cii!»es  of  urcihnil  ob- 
etnietion,  where  the  bladder  cannot  be  emptied  when  it  rttuches 
it«  uocnstonied  fulness,  the  increasing  distension  sets  tip  fruit- 
less but  powerful  contractions  of  the  vesical  walls  contractions 
which  are  clearly  involuntary  in  nature,  which  waiie  or  disa|>- 
pear,  and  return  again  and  again  in  a  rhythmic  manner,  and 
which  may  be  so  strung  and  powerful  ua  to  cause  great  suffering. 
It  seems  ttiat  the  fibres  of  the  blodiler,  like  till  other  muscular 
fibres,  have  their  contractions  augmented  in  proportion  as  they 
are  subjected  to  tension.  Just  as  a  previnnslv  quiescent  ven- 
tricle of  a  frog's  heart  may  be  excited  to  a  rnythmio  beat  by 
dUtemling  its  caAnty  with  blood,  no  the  auioscent  bladder  may, 
quite  independent  of  the  will,  bo  exciteu  by  the  distension  of 
its  cavity,  to  a  peristaltic  action  which  in  normid  cases  is  never 
carried  beyond  a  first  effort,  since  with  that  the  bladder  is 
emptied  and  the  stimulus  is  removed,  but  which  in  cuiwa  of 
obstruction  is  enabled  clearly  to  manifest  its  rhythmic  nature. 

In  the  second  place  it  has  been  shewn  that  quite  norma) 
micturition  may  tafee  place  in  a  dog  in  which  the  lumbar  region 
of  the  spinal  cord  has  been  eomplotcly  and  permanently  sepa- 
rated by  section  from  the  upper  dorsal  region.  In  sucb  a  case 
there  can  be  no  exercise  of  volition,  and  the  whole  process 
appear;  a*  a  reflex  action.  When  under  these  circunntlances 
ihu  bladder  becomes  full  (and  otherwise  apparently  the  act 
fails)  any  slight  stimulus,  such  as  sponging  the  anus  or  slight 
pressure  on  the  abdominal  walls,  cauKcs  ii  complete  act  of  mic- 
turition: the  bladder  is  entirely  emptied,  and  the  stream  of  urine 
towards  the  end  of  the  ad  undergoes  rhythmical  augmentations 
due  to  contniclions of  tiie  ejaculatnr  urinic.  These  fact*  can  only 
Ik>  interpreted  on  the  view  that  there  exists  in  the  lower  spinal 
cord  (of  the  dog)  what  we  may  speak  of  as  a  micturition  centre 
capable  of  being  thrown  into  action  by  appropriate  afferent 
impulses,  the  action  of  llic  centre  being  such  as  to  cause  a 
otMitraction  of  the  walls  of  the  bladder  and  of  the  cjaculator 
nriniL'.  and  at  the  same  time  to  sn»]»end  the  tone  of  the  sphincter 
Teucffi  extemus.     Clinic-al  experience  also  goes  to  shew  the 
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crigteope  of  a  similar  mictaritinQ  ceottv  in  bub,  placed  k^ffacr 
op  in  the  card  tlnn  the  eomeptmimg  'genital '  oentn  gorem- 
ing  the  genital  organs. 

MunoTcr  we  tave.  in  the  case  both  of  num  and  (^  otber 
■■""**.  expennwatal  and  oChrr  t-riduioe  that  euntzactimi  of 
the  bladder  is  &«quicntlT  brought  abuut  bj-  nflex  aotioo.  Ifas 
the  preanuv  inlhin  the  bladder  when  oinecred  for  uit  lei^ 
of  time  is  found  to  be  •nbjeeS  to  eoondnable  and  ntuifold 
Tariatioos-  Orer  and  above  |Mssive  chaiwe*  in  pi  tvaut  iao 
to  the  re9{untorf  ^laremetita.  tfaroagfa  woicb  the  bladder  i» 
prrif  il  upon  at  each  descent  of  the  diaphragin,  active  eoiUnc- 
tiooa,  of  a  atxength  ioadeqsate  to  bring  abmit  mictarition.  are 
fram  tiine  to  time  observed.  These  tn  sone  instancee  %fpar 
to  be  spoataneoua.  or  to  be  the  n»ult  of  emotions,  bat  tby 
maj  be  readily  induced  in  a  tedex  nuumer.  br  stimalutDg 
varioBS  sentient  ntrface»  or  sensory  oenrea.  And  eomnkon  et- 
perience  aifords  cnaDT  instaneee  where  vesical  cootraftioiu  tbua 
brought  about  in  a  reflex  manner  acqoire  strength  ad^^uale  to 
empty  the  bladder. 

Observations  etvesieal  pw—nre  may  be  most  convemenilT  ( 
ootby  intiudonag  into  the  bladder  a  catheter  cooneciej  niitiawaur 
manometer  &nd  a.  registeting  sppanUos,  and  so  arranged  aa  to  aSow 
Said  to  be  drireo  into  or  teeeaved  tem  the  bladder  at  pleasnn. 

6  M8.     Tnvolontary  mictarition  obviooslT  of  reflex  . 
has  uvquentlr  bt^cn  obeervtrd  in  casm  of  paralysU  from  due 
of  or  iajory  to  the  spinal  cord;  and  the  Juvoiuutary  micturiiwD 
which  is  common  in  children,  as  the  reaiilt  uf  irritutiim  of  ^ 
pcnid  and  <^itital  organs,  and  which  sometimes  uccuts  in  tie 
adult  as  tlic  result  of  emotions,  or  at  least  aensorj*  impr 
appeam  to  be  the  result  of  redex  action.     In  these  several  a 
we  mav  fairly  suppose  that  the  wntre  in  the  spinal  coid  i 
affe<!iea  by  afferent  impulM-s  reaching  it  along  various 
nerves  or  descending  from  the  btuin.     Hcncv  we  arc  led  lo  i 
conception  tluit  wIr-u  mc  make  water  by  n  iH)Dsciuus  i-iToiK 
the  nill.  what  ol-cuts  is  not  a  direct  action  of  the  will  oe  t 
musculur  walls  uf  the  bladder,  bui   Uiat  iinput«e«  slArted ! 
the  will  dv»;end  from  tbe  bntin  after  the  fasbion  iiE  offer 
impulses  and  thus  in  a  reflex  manner  throw  into  action 
micturition  centre  in  llie  spinal  cord.     Nor  is  this  view 
tivt^l  by  the  fact  that  paralysis  of  the  bladder,  or  rather 
bility  to  make  water  either  voluntarily  or  in  a  reflex  tmuincd 
is  a  oommoa  symptom  of  cerebral  or  spinal  disease  or  isjo  ~ 
Putting  aside  the  eases  in  which  the  reflex  act  is  not 
forth  because  the  appropriate  stimulus  has  not  been  apf 
the   failure  in  micturition   under  these  rircumstances  may 
cxplaiucil  by  supposing  that  the  sliodi  of  the  spinal  injury 
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Mra«  extension  of  the  (lixetwe  has  rendered  Ihe  xpinaL  centre 
uiiitlile  t*>  act. 

The  sn-oalled  incontinence  of  iii-iue  iii  ciiiUlivn  itt  simply  «n 
easily  excited  anil  frequently  repeated  reflex  niieturilion.  In 
cases  of  cerebral  or  spinal  diseaae  a  form  of  incontinence  is  fre- 
qnently  met  with  which  seems  to  be  of  a  different  nature.  The 
bladder  becoming  full,  but.  owiu(;  to  a  fullure  in  the  mechanism 
of  voluntary  or  reflex  micturition,  lieiiiji  unublc  to  empty  it«clf 
by  a  complete  contraction,  a  continual  dribbling  of  urine  tukvs 
place  through  the  ureihnt.  the  fulne»s  of  the  bladder  being  suf- 
^cient  to  overcome  the  resistance  at  the  neck  of  the  urethra. 
It  is  probable,  however,  that  even  in  these  cases  tlie  flow  is 
partlv  caused  by  obscure,  unfelt,  intrinsic  contractions  of  the 
bladder. 

§  349.  Whether,  under  nonnal  condJliomi,  the  nrine  under- 
goes any  not4il)le  ehiiiigc  during  its  stay  in  the  bladder  has  been 
much  debaUnl.  ICxiicrimenls  tthew  that  poisonous  sub»tanc«« 
injected  into  the  bliulder  with  all  due  care  to  avoid  any  abra- 
sion of  the  epithelium  are  absorbed  and  produce  their  usual 
effects.  It  has  also  been  stated  that  if  a  solution  of  urea  be 
injected  into  the  bladder  after  ligature  of  botli  ureters,  and 
allowed  to  stay  for  some  hours,  part  of  the  urea  disappears. 
But  »t  present  there  is  no  very  Ueeided  proof  that  under  ordi- 
nary conditions  either  the  water  or  other  eoiistitnents  of  uriue 
are  to  any  appreciable  extent  absorlied  by  the  blatlder. 

Under  abnormal  conditions,  as  in  intiamniation  or  irritation 
of  the  bladder,  the  urine  may  have  undergone  marked  changes 
daring  its  stay  in  the  bladder,  one  of  the  most  common  being  a 
change  of  some  of  the  urea  into  ammonium  ciirbonate.  by  which 
the  urine  bceometi  alkaline.  Under  iibuormal  conditions  ah»o, 
the  mucus  of  the  uriue,  which  in  a  healthy  man  is  insignificant, 
though  in  some  animals,  for  instance  the  hoi-sto,  it  occurs  in  con< 
siderable  quanti^*,  is  largely  increased  during  the  stay  in  the 
bladder.  Since  tliere  are  in  man  no  goblet  ceUs  in  the  vesiral 
epithelium  (in  the  frog  they  are  present)  or  mucus  glands  in 
the  walls  of  the  blatlder.  this  mucus  must  l>e  supplied  by  an 
abnormal  metuboliiuu  of  the  ordiuary  epithelial  cells. 
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SEC.  4.   THE  NATURE  AND  AMOUNT  OF  PERSPIKATION. 


§  350,  The  quantity  of  matter  which  lea^-cs  the  human  body 
by  way  of  the  skin  is  very  consirlerable.  Thus  it  h«9  been  uati- 
mated  that  white  '5  gram  paRRen  away  through  the  lungs  per 
mitiiite,  an  much  as  '8  gram  paflHen  through  the  skin.  'I  he 
nmoimt,  however,  varies  extremely:  it  has  been  ca1ctilate<d. 
from  data  gained  by  enclosing  the  arm  in  a  caoutrhouc  bag. 
that  the  total  amount  of  pt^rtipiration  froni  the  whole  body  in 
24  hours  might  ruugu  from  2  to  20  kilos;  but  such  a  mode  of 
call! ulitt ion  is  obvio\i»ly  open  to  many  sources  of  error. 

Of  the  whole  amount  thuB  discharged,  part  piutses  nwiiy  at 
once  a»  watery  vajiour  mixed  with  volatile  matters,  while  jwirt 
may  remain  for  a,  time  aa  a  fiuid  on  the  skin;  the  fonner  is  fre- 
quently spoken  of  as  intennibte.  the  latter  assengibU  ]>erspiration 
or  sweat.  The  proportion  of  th«  insensible  to  the  sensible  per- 
apiration  will  depend  on  the  rapidity  of  the  secretion  in  refer- 
ence to  the  dryness,  temperature  and  amount  uf  movement  of 
the  surrounding  atmosphere.  Tims,  supposing  the  rate  of 
secretion  to  remain  constant,  the  drier  an(f  hotter  the  idr,  and 
the  more  rapidly  the  strata  of  air  in  contat-t  with  the  body  are 
renewed,  the  greater  is  the  amount  of  sensible  perspiration  which 
is  by  evaporation  converted  into  the  insen.<)ible  condition;  and 
conversely  when  the  air  is  cool,  moist,  and  stagnant,  a  large 
amount  of  the  total  perspiration  may  rcmaiu  on  the  skin  as  sen- 
sible sweat.  Since,  as  the  name  implies,  we  arc  ourselves  aware 
of  the  sensible  perspiration  only,  it  may  and  fre<|ucntly  does 
happen  that  we  seem  to  ourselves  to  be  perspiring  largely,  wheo 
in  reality  it  is  not  so  much  the  total  perspiration  which  is  being 
increased  as  the  relative  pro]K)rtion  of  the  sensible  i>erspirutiou. 
The  rate  of  secretion  may.  however,  be  so  much  increased,  tluit 
no  amount  of  dryness,  or  heat,  or  movement  of  tlie  atmos]ihere. 
is  sufficient  to  carry  out  the  necessary  evaporation,  anil  ihiw  the 
sensible  perspiration  may  become  abundant  in  a  hot,  dry  air. 
And  practically  this  is  the  usual  occurrence,  since  cortamly  a 
high  temperature  conduoes,  n»  we  shall  [Hunt  out  presently,  to 
an  increase  of  the  secretion,  and  it  is  possible  tliat  mere  dryness 
of  the  air  has  a  similar  effect. 
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Tho  umount  of  perspiration  cireii  off  is  affected  not  only  by 
tbo  condition  of  the  atmospliere,  Iiiii  also  by  tlie  circninstautx-s  of 
the  body.  Tliiis  it  i»  inHtienced  liy  llie  nature  anil  quantity 
of  food  er.ten,  by  the  amount  of  lluid  drunk,  by  the  charaot^r 
of  exercise  taken,  by  the  relative  activity  of  the  other  excreting 
organs,  more  particularly  of  tbi!  kidney,  by  mental  conditinni* 
and  the  like.  Variations  may  also  be  induced  by  drugn  and 
by  diseased  conditiona.  How  these  various  iufluenccs  produce 
tueir  effects  wu  shall  study  immediately. 

The  fluid  perspiration,  or  sweat,  when  collected,  in  found  to 
be  a  clear  colourless  fluid  of  a  distinctly  salt  taste,  with  a  strong 
and  distindire  odour  varying  according  to  the  part  of  the  body 
from  which  it  is  taken.  Besides  accidental  epidermic  iicalei<,  it 
contains  no  structural  elemoiits. 

Sweat.  OS  a  whole,  is  furnisliod  partly  by  the  sweat-glanda 
and  partly  by  the  sebaceous  glands,  for  as  w«  shall  see  the  small 
amount  which  simply  tmnsudcs  through  the  i-pidcrmiii,  apart 
from  the  ghiiids,  may  be  ncglectu<l.  Now  the  secretions  from 
these  two  kinds  of  glands  differ  widely  iu  nature,  and  the  cJiarac- 
ters  of  the  sweat  as  a  whole  will  vary  according  to  the  relative 
proportion  of  the  two  kinds  of  secretion.  The  amount  of  i^eero- 
tion  of  the  sebaceous  glands  appears  to  be  fairly  constant,  the 
larger  variations  of  the  total  sweat  depending  chiefly  on  the 
varying  activity  of  the  swcut-glands.  Hence  when  sweat  is 
ttcunly,  the  constituents  of  tlie  sebum  influent^e  lar^-ly  the  charac- 
ters of  the  sweat;  when  on  the  contrary  the  sweat  is  very  iibuu- 
dant,  these  may  I>e  disregarded  and  the  sweat  may  hv  coiisiilerud 
as  the  product  of  the  sueat-glands. 

We  are  not  able,  at  present,  to  make  a  complete  »tat«ment 
a»  to  vliat  bodies  occur  exclusively  in  the  sebum  ajid  what  in  the 
secretion  of  the  sweat-glands.  Tlio  former  connists  very  largely 
of  fats  and  fatty  acids,  and  apptrars  to  contain  some  form  or 
forms  of  protvitis;  but  we  have  reason  to  think  that  the  sweat- 
gluiids  secrete  in  small  quantity  some  forms  of  fut,  and  especially 
volatile  fatty  acids. 

When  sweat  U  scanty,  the  reaction  is  generally  acid,  but  when 
abundant,  is  alkaline:  and  when  a  portion  of  the  skin  is  well 
washed  the  sweat  which  is  collected  immediately  afterwanls  ia 
usually  alkaline.  l-"rom  this  we  may  infer  that  the  secretion  of 
the  Hwcat-glands  is  naturally  alkaline,  but  that  when  mixed 
swe-ut  is  ueid.  the  acidity  is  due  to  fatty  (or  other)  acids  of  the 
•cbum.  In  the  horse,  which  ig  singular  among  hair-covered 
animaU  for  its  frequent  profuse  swenting,  the  sweat  is  said  to  be 
alwaya  alkaline,  and  to  contain  a  considerable  quantity  of  some 
form  of  proteid. 

Taking  ordinary  sweat,  such  as  may  be  obtained  by  enclo«> 
iug  the  arm  in  a  Wg,  we  may  say  that,  in  man,  the  average 
amount  of  solids  is  from  1  to  2  p.c.,  of  which  about  two-tluiUs 
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cotuiist  of  orjtanic  suhstanoes.  The  chief  normal  constituent 
«re:  (1)  Sorliiim  chloride,  with  small  quantities  of  other  inor- 
jjaiiic  salta.  (2)  Various  acids  of  th«  fatty  scries,  such  a» 
formic,  acetic,  butyrii-,  witli  probably  propionic,  caproic,  and 
caprylie.  Th«  pn-setii-i^  of  these  hitler  is  inferred  from  the 
oilour;  it  i«  probable  that  many  various  volatile  acids  are  pres- 
ent in  small  quantities.  Lactic  acid,  which  has  been  reckoned 
an  a  normal  constituent,  is  stated  not  to  be  present  in  hoallii. 
(8)  Neutral  fats,  and  cholestcrin ;  these  havchccn  detected  even 
in  places,  such  as  the  palms  of  the  hand,  whore  schaccoiw  glands 
are  absent.  (4)  The  evidence  pocs  lo  shew  that  neither  urea 
nor  any  ammonia componnd  exists  in  the  normal  «HTeliou  to  any 
«xt«nt,  though  some  oliservers  have  found  a  considerable  qiuui- 
tity  of  urea  (^calculated  at  10  grma.  in  the  24  hours  for  the  whole 
body).  Apparently  some  siuall  amount  of  nitrogen  leaves  the 
body  by  the  akin  as  a  whole,  hut  this  is  probably  supplied  by 
the  sebum  or  by  the  epidermis. 

In  \-arious  forms  of  disease  the  sweat  has  been  found  to  con- 
tain, sometimes  in  considerable  iiuantities,  blood,  albiuuin,  urea 
(particularly  in  cholera),  uric  acid,  calcium  oxalate,  sugar  (in 
diabetic  patients),  lactic  acid,  indigo  (or  indigo-yielding  bodies 
giving  rise  to  'blue'  sweat),  bile  and  other  pigments.  Iodine 
and  potassium  iodide,  suecinic.  tartaric,  aud  oeuzoic  (partly  aa 
bippuric)  acids  liave  boon  found  In  the  sweat  when  takou  inter- 
nally as  medicines. 

Cutantttu*  Retpiration. 

§  351.  A  frog,  whose  lungs  have  been  removed,  will  continue 
to  live  for  some  lime;  and  during  that  period  will  continue  not 
only  ti>  proihice  carlionic  acid,  hut  also  ix>  consume  oxygen. 
In  other  words,  the  frog  is  able  to  breathe  without  lungs,  respi- 
ration being  carried  on  efficiently  by  means  of  the  skin.  In 
mammals  and  in  man  this  cutaneous  respiration  is.  by  reason  of 
the  thickness  of  the  epidermis,  rcstrictea  to  within  very  narrow 
limits;  and  Indeed  it  has  been  questioned  whether  it  can  be 
spoken  of  at  all  as  a  true  respiration.  When  the  bodj-  remains 
for  some  lime  in  a  closed  chand>er  to  which  the  air  passing  in 
and  out  of  the  lungs  has  no  access  (as  when  the  body  is  enclosed 
in  a  large  air-light  bag  titling  tightly  round  the  neck,  or  where 
a  tube  in  the  trachea  carries  air  to  and  from  the  hings  of  an 
animal  placed  in  an  air-tight  box),  it  is  found  that  the  air  in  the 
chamber  loses  oxygen  and  gains  carbonic  acid.  The  amount  of 
oariionic  acid  which  is  thus  thrown  off  by  the  skin  of  an  average 
man  in  24  hours  amoun1.-<  to  about  10  grms.,  or  according  to 
Home  observers  to  (no  more  than)  about  4  gnus.,  inen^aslng  with 
a  rise  of  temjierature,  and  being  very  markedly  augmented  by 
bodily  exercise.     It  ia  stated  that  the  amount  of  oxygen  con- 
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NURied  in  about  pqual  in  volume  *o  that  of  the  carbonic  acid 
eiven  off.  but  tsomt-  ohservprs  nmke  it  riitiicr  luui.  It  may  be 
uoubted,  howevor,  whether  the  (■arljoiiic  acid  comes  direct  from 
the  hlotxl;  it  may  vonw  from  deconi{X)sitioiiK  tnkin?  iilace  in 
the  Bweiil.  of  carlKumtt^  for  iuxtaiioe.  Similarly  the  oxyj^n 
wliieh  disappenra  may  be  simply  iiseil  in  oxydizint;  flome  of  ihe 
eoiistituenls  of  the  sweat.  It  is  evident  that  the  loaa  which  the 
body  suft'ers  through  the  skin  consist*,  besides  a  small  quantity 
of  flodium  chloridok  chiefly  of  wiittT. 

When  nti  animal,  n  mbhit  for  iiistnucc  is  covered  over  with 
an  iinpermeable  varnish  Kiich  tia  gelntin,  so  that  all  exit  or 
entrance  of  piisc«  or  li(iuidM  by  the  itkln  is  prt-ventcd.  de!ith 
itliortlv  vusues.  This  result  eanuot  lie  due,  m  wa«  once 
tbov^ht',  lo  arrest  of  cutaneous  m^piration.  seeing  how  insig- 
nificant and  doubtful  is  the  gaseous  interchange  by  the  skin 
as  compared  with  tliat  by  the  lungs.  Nor  are  the  symptoms 
at  all  tnose  of  asphyxia,  but  rathei'  of  some  kind  of  poisoning, 
marked  by  a  very  great  fall  of  temperature,  which  however 
seems  to  lie  the  result  not  of  diminished  production  of  heati 
but  of  an  increase  of  the  discharge  of  heat  from  the  surface. 
Owing  to  the  dilated  cuiiditii'ii  of  ihe  eutaiieous  vessels,  caused 
by  the  npplieatioii  of  varnish,  the  loss  of  Iieat  througli  the  skin 
18  abDormally  large,  even  though  the  varnish  may  not  be  a  good 
conductor.  'I'he  animal  may  be  restored,  or  at  all  events  its 
life  may  be  prolonged  with  abatement  of  the  symptoms,  if  the 
great  loss  of  heat  which  is  evidently  taking  place  w  prevented 
by  covering  the  IkxIv  thickly  with  cotton  wool,  or  keeping  it 
in  a  warm  atmosphere.  The  syinjjtoms  have  not  as  yet  bu«n 
clearly  anidyzcd,  but  they  seem  U>  be  due  in  part  to  a  pyrexia 
or  fever  possibly  caused  by  the  retention  within  or  reabsorp- 
tion  into  the  blood  of  some  of  the  constituent*  of  tb©  sweat, 
or  by  the  products  of  some  abnormal  metaltoIiKm. 

$  352.  Abtorptiim  btf  tht  »kin.  Allhmigh  under  normal 
circumstances  the  akin  ser^-es  only  as  a  channel  of  loss  to  the 
body,  it  has  been  maintained  that  it  may.  under  imrticular  cir- 
cumstances, be  a  means  of  gain  ;  and  the  little  wnich  we  have 
to  say  on  this  matter  may  perhaps  bo  said  here.  Cases  are  on 
recoixl  where  bodies  are  said  to  have  gained  in  weight  by 
immersion  in  a  iMth,  or  by  exposure  to  n  moist  atmosphere 
during  a  given  period,  in  which  no  food  or  drink  was  taken, 
or  to  have  gained  more  than  the  weight  of  the  food  or  dnnk 
taken ;  the  gain  in  such  cases  must  have  been  due  to  the 
absorption  of  water  by  the  skin.  Direct  experiments,  how- 
ever, throw  doubt  on  these  statements,  for  they  shew  that 
under  onlinary  circumstnneea  such  a  gain  by  the  skin  is 
slight,  being  apparcntl)-  due  to  mere  imuibition  of  water  by 
the  «pi>fr  layers  of  the  epidermis. 

AuKorption  of  various  substances  takes  place  very  readily 
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by  ftbraded  surfaces  where  the  dermia  U  laid  bare  or  covered ' 
only  by  the  lowest  layers  of  epidermis,  but  it  lias  been  debated 
whuthur  substances  in  aqueuiu)  xulutiun  can  be  absorbed  by  the 
■kin  wliCD  Uic  t^pideriiii.s  is  iiitiiet,  tbu  widencu  on  this  point 
beinf;  eontnidictory.  In  tlie  ra»e  of  thv  skin  of  Ibe  frojj  an 
ubsfirption  of  water  anil  of  variouR  soluble  sulistaiives  certainly 
takes  phiee.  In  the  case  nf  the  liouud  human  skin  there  are  no 
rf /iri'or/reaBons  why  water  carrying  substanced  dissolved  in  tt 
should  not  pass  inwards  through  the  corneous  as  well  as  the 
other  layers  of  the  epidermis,  the  amount  so  passing  depending, 
among  other  things,  upon  the  coudition  of  the  skin  ;  and  com- 
mon experience  seems  to  shew  thtit  it  does.  Nevertheless  the 
results  of  aeluid  expcriiiieiit  are  conflicting.  Some  "bservers 
luaintain  that  soluble  non-volatile  substanciw  are  not  absorbed, 
and  that  volatile  subeitances  such  na  iodine  which  may  be  dc- 
Ceoted  in  the  system  after  a  bath  containing  them  are  absorbed 
not  by  the  skin  but  by  the  niiicous  membrane  of  the  respiratory 
organs,  the  snlmtance  making  its  way  to  the  latter  by  volatili- 
zation from  the  surface  of  the  bath.  Others  again  have  found 
evidence  of  absorption,  especially  with  volatile  substances,  even 
when  care  has  been  taken  to  avoid  all  errors;  and  the  greater 
weiglit  may  perhaps  be  given  to  these  since  they  accord  with 
common  experience.  Tlie  conflict  of  experimental  results,  how- 
ever, at  least  shews  that  we  do  not  fidly  imderstand  the  condi- 
tions under  which  such  absorption  takes  place. 

There  is  moreover  evidence  that  even  solid  particles  can 
pass  through  an  intact  skin.  The  lymphatics  in  the  skin  of 
n  newborn  infant  have  been  found  crowded  with  the  partielca 
of  the  peculiar  fatty  sucretiou  which  covers  the  skiii  at  birth; 
unil  solid  particles  rubbed  into  evvu  the  suund  »kin  may,  esjw- 
cially  when  applied  in  a  fatty  vehicle,  iis  fx.  gr.  in  the  well- 
known  mercury -ointment,  find  their  way  into  the  underlying 
lymphatics.  The  w.Tndering  leucocytes  which  are  at  times 
found  among  the  epidermic  cells  may  perhaps  take  part  in 
this  transport. 


SEC.  5.    THE  MKCHANISM   OF  THE  RECRBT10>'   OF 

SWKAT. 

§  353.  Ill  dealing  with  the  manner  in  which  viirinns  circutu- 
stances  atTe<:t  the  amount  of  sweat  secreted  we  may,  as  we  have 
already  said,  consider  the  sweat  as  ii  whole  to  be  supplied  hy 
the  sweal-Rlands  alone.  For  tliougli  it  sL-ems  evident  that  some 
amount  of  fluid  tiiimt  pass  by  Hiniplv  Iniiisudatimt  llirough  tho 
ordinary  epidvnuin  uf  the  pui'tioiis  of  skin  intcrveninK  between 
the  mouths  of  the  glands,  yet  ou  the  whnlc  it  is  probtible  that 
the  portion  which  so  pnasea  i»  »  small  fraction  only  of  the  totnl 
quantity  xecreted  by  the  skin ;  and  direct  experiment  shews  that 
even  the  simple  evaporation  of  water  is  much  greater  from  those 
parts  of  the  iikin  in  whi<di  the  glanda  are  abundant  than  from 
those  in  which  they  are  scanty.  Wc  Imvi;  a»  yet  no  evidenc* 
tJiot  tlic  sebiiccoiw  glands  viiry  in  activity  ;  tlicjr  very  peculiar 
form  of  secretion,  if  wc  may  8|)cuk  of  it  as  a  secretion,  ts  not 
adapted  to  sudden  changes,  and  at  idl  events  we  have  as  yet  no 
evidence  that  circn instances  rapiiUy  and  largely  modify  the 
amount  of  sebum  <lischarged  by  healthy  sebaceous  glands. 

The  secreting  activity  of  the  skin,  like  tliat  of  the  other 

fhindH,  is  asually  accompanied  iind  aided  by  vasculai-  dilation, 
n  one  of  the  early  experiment*  on  division  of  the  cervical  aym- 
pulhclic,  it  was  observed  that  in  the  case  of  the  horse,  tlie 
vascular  dilation  of  the  face  on  Mie  side  operated  on  was  ac- 
companied by  increased  perspiration.  Indeed  tlie  connectioti 
betweiMi  the  slate  of  the  entnneous  blood  vessels  and  tJie  amount 
of  j>erspti-alii>]i  is  a  matter  of  daily  obsen'ation.  When  the 
vessels  of  the  skin  are  constricted,  the  secretion  of  the  skin  is 
diminished;  when  they  arc  dilated,  it  becomes  abundant.  lu 
this  way,  as  wo  shall  later  on  point  out,  the  temiieratun;  of  lira 
body  is  largely  regulated.  Wheu  the  surrounding  atmosphere 
is  warm,  the  cutaneous  vessels  are  dilated,  the  amount  of  sweat 
secreted  is  increaseil,  and  the  consequently  angmenleil  evapora- 
tion tends  to  cool  down  the  body.  On  the  other  hand,  when 
tlie  atmosphere  is  cold,  the  cutAueous  vessels  are  eon)>tricted, 
perspiration  is  scanty,  and  less  heat  is  tost  to  the  body  by 
evaporation. 
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'I'iie  analogy  with  the  ntlier  aecretine  organs  which  we  have 
already  studiecl  leadn  u»,  however,  to  infer  tuat  there  are  apeoi^ 
nerves  directly  governing  the  jictivity  of  the  sudoriparoua  glands, 
independent  of  variatioiiH  in  tht-  vasculiir  supply.  vVrul  not  only 
in  this  view  suggcstt-d  by  lunny  fncts,  sui-h  ;is  \hv  profus«  pcr- 
spinition  ijf  thu  flualh  ii[juiiy,  nf  viirioiw  i  rises  of  diwusu,  and 
«{  curUiin  nifiilal  i-motimis.  unrl  the  cold  Kweiits  ouimrrinjj  iji 
phthiKis  iind  other  malndiex,  in  all  of  which  the  skin  i»  an^piic 
rather  than  hypera?mio,  but  we  have  direct  experimental  evi- 
dence of  a  nervous  mechanism  of  periipiration  as  complete  ax 
the  vaao-motor  ine<?hanism. 

If  in  the  eat  1  the  pcriplieral  stump  of  the  divided  seiatic 
nerve  Ijo  stiniiihiti^^d  with  tho  int(_'rru]itjid  currfnt,  drops  of 
sweat  niuy  rendily  l)u  olwerv«d  to  gather  on  the  hairless  solo  o£i 
the  foot  of  that  side.  The  Kweating  is  not  due  to  any  inereas©' 
of  hlood-snpply,  for  it  may  be  observed  when  the  cutaneous 
vesseirt  are  thrown  into  a  state  of  constriction  by  the  stimulus, 
or  even  when  the  aorta  or  crural  artery  is  clamped  preAnous  to 
the  stimulation,  and  indeed  may  Ik;  obtJiiued  by  stimulating  the 
sciatic  nerve  of  ii  roecutly  amputated  leg.  Moreover  when 
atropin  hiw  Ixatn  injected,  the  stiiunluliou  produces  iii>  sweat, 
though  vaso-motor  efi'ect«  foHow  as  usual.  Tiie  analogy  between 
the  sweat-glands  of  the  foot  and  such  a  gland  as  the  submax- 
illary is  in  fact  very  close,  and  we  are  justilied  in  sjteaking  of 
the  sciatic  nerve  as  containing  secretory  fibres  distributed  to  the 
sudoriparous  glands  of  tlic  foot.  Similar  results  may  be  ob- 
tained with  the  nerves  of  the  fore  limb.  And  in  ourselves  a 
copious  secretion  of  sweat  may  he  induced  by  tctaniziug  through 
the  skin  the  nerves  of  tlie  limbs  or  the  face. 

If  a  cat  in  which  the  sciatic  nerve  has  Iwen  divided  on  one 
side  be  exposed  to  a  high  temperature  in  a  heated  clmmhcr,  tho 
limb  the  nerve  of  which  has  been  divided  remains  rlry,  while 
the  feet  of  the  other  limbs  sweat  freely.  This  result  shews  that 
the  sweating  which  is  caused  by  exposure  of  the  body  to  high 
temperatures  is  brought  about  by  the  agency  of  the  central  | 
lutrvous  system,  and  tiul  by  u  local  action  on  the  sweat-glands  i 
for  the  foot  of  (he  limb  whose  nerve  has  been  divided  is  ctiually 
e'cposed  to  the  high  t<miperatnre.  A  high  temjierature  it  is  true 
increa.ses  up  to  a  certain  limit  the  irritability  nf  the  epithelium 
of  the  sweat-glands  and  predisposes  it  to  secrete,  just  as  it  pro- 
motes action  in  the  case  of  a  muscle  or  nerve  or  other  forms  of 
living  substance.     Thus  stimulation  of  the  sciatic  in  the  cat 


>  The  cat  swaata  (recW  in  the  hnlrlnM  unka  at  thn  feet  bnt  not  on  tmj  iiait 
of  th*  bochr  covored  with  hntn,    Thn  dag  nlgn  swosu  in  the  aame  nifEious  bnt 
aola»fTMVMlb«cM;  Imki'd  awmUun  [sotl^nabwut,  thcduolabeias  utopped 
liy  growth  of  the  eoraiitiu  cpiilvnuiH.    tlabbiu  and  other  rodinil^  appear  not  toj 
■ve*t  St  ftll.    "Hie  snout  of  Uif  pif;  !iwl-,i1a  freely ;  uid  tii«  ohm  ptinm  awatt^j 
lag  of  the  horse,  k  aiosalar  event  among  hair-cannd  uilmoK  Ib  known  to  til. 
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produces  ii  much  uiuri?  ubundaut  suc-.rctiori  in  u  limb  uxpoxed  to 
u  temperature  of  35°  »r  SDiiiowluit  tiln)v«,  tlmu  iu  one  wliith  has 
b«;n  uxiKiKed  lo  a  (liBliiictly  lower  t«iiipcratitre,  luul  in  a  limb 
u'bioli  has  iiecii  plained  in  ice-onld  water  harilly  any  i^trirclion 
at  all  can  Ik:  gained;  but  apparently  mere  rieie  of  t«iiiperaturc 
witiioul  iiervc-Htimulatioii  will  not  give  rLse  to  a  secretory 
activity  of  the  glauds.  The  sweating  caused  by  a  dyspnceic 
condition  of  blood,  and  sut-h  appears  to  be  the  sweat  of  the 
death  agouy,  is  similarly  bruiiglil  about  by  tbe  agency  of  the 
ventral  nervoUH  »y»lem.  When  an  Miimal  with  the  rteiiitic  nerve 
divided  on  one  side  is  made  dv«|iiiu-ie,  no  sweat  ai>pttars  in  the 
hiud  limb  of  tliat  aide,  thougfi  abundance  is  seen  in  the  oilier 
feet. 

Sweating  may  be  brought  about  as  a  refies  act.  Tlius  when 
the  central  stump  of  the  divided  sciatic  is  stimiUated  sweating 
is  induced  in  the  oilier  Umbs.  and  in  ourselves  the  introduction 
of  pungent  substances  into  the  mouth  will  frctiuently  give  rise 
to  »  copious  perspiration  over  the  side  of  the  face.  We  are  thus 
Itnl  to  s{)(;ak  of  sweat  centres,  analogous  to  the  va«o-niotor  cen- 
tnat,  as  existing  in  the  central  nervous  system ;  and  as  in  the 
case  of  vaso-niotor  centres,  a  dispute  Iiaa  arisen  as  to  whether 
there  is  a  dominant  sweat  centre  in  the  medtUla  oblongata  or 
whether  such  centres  are  more  generally  distributed  over  the 
wholo  of  the  spinal  eord^ 

It  does  imt  at  present  appear  curtain  whvtli«r  the  sweating 
caused  by  heat  is  carried  out  by  direct  action  of  the  heated  blood 
on  Uie  swejit  centres,  or  by  the  higher  temperature  Ktiniulating 
tlie  skin  antl  so  sending  up  afl'erent  impulses  which  produce  the 
effect  iu  a  roHex  manner :  but  in  the  case  of  dyspntra  at  least 
we  may  fairly  suppose  that  the  action  of  the  venous  blood  is 
chiefly  if  not  exelusively  on  the  ner\'e  centres.  Some  drugs, 
such  as  pilocarpin,  wliicb  cause  sweating,  apjicar  to  produce 
their  effect  chiefly  by  a  local  iu;tiou  on  tlie  glauds,  sincv  the 
ttclion  coulinuM  after  the  division  of  the  nerves  (though  pilo- 
car^nn  opporeutly  has  »s  well  some  slight  action  on  the  nerve 
centres),  and  ijie  antagonistic  action  of  atropin  is  similarly 
local.  Picj'otoxin  and  strychnia  appear  to  produce  their  sweat- 
ing action  chiefly  if  not  exclusively  by  acting  on  the  central 
nervous  system,  while  nicotin  sceius  to  act  both  centrally  and 
peripherally.    , 

J3M.  Id  the  cat  (io  which  animal  the  matter  haa  been  most 
led),  the  sweat  flbrea  for  the  hind-foot  leave  the  spinal 
cord  by  the  anterior  root«  of  the  firi«t  and  second  lumbar  nerves, 
hut  also  to  a  less  ext-ent  by  the  two  thoracic  nerves  above  theae 
ajid  the  thir<l  lumbar  nerve  l>elow.  fussing  to  the  sympathetic 
chain,  and  running  in  it  for  a  certain  distance,  they  leave  that 
chain  by  the  grey  rami  of  the  sixth  and  seventh  lumbar  and 
first  and  second  sacral  ganglia,  thus  reaching  tlie  spinal  nerve« 
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corresponding  to  these  ganglia  and  so  the  sciatic  nen'e.  Along 
thvir  (^xttirse  the  fibres  are  coimvcted  with  nerve-cells  in  theae 
g-Anf;liu,  the  tibres  iu  a  (^3'  rainiui  sUirtinj;  from  <x-1ls  in  the 
giiiigliun  from  which  the  i-ainus  niJi,  or  In  the  ganglion  ubove 
it.  In  the  sitiiie  animal,  the  »weat-libres  for  U:e  fore-feet  Icuvo 
the  i<i>inai  cord  by  the  anterior  rnnl8  of  the  sixth,  seventh,  uod 
eighth  tlioracic  nerves,  hut  abio,  to  a  leas  extent,  by  the  nerves 
above  and  holow.  Passing  into  the  sympathetic  chain,  they 
ascend  to  the  ganglion  Htelliitum.  with  the  nerve-cells  of  which 
alone  they  arc  connected,  anil  by  the  branches  of  this  ganglion 
n-acli  the  brunehiul  plexus  and  so  the  median  and  ulnar  nerves. 
The  course  of  the  sweat-tlhres  in  other  animals  is  probably  very 
similar  to  the  above.  In  tlie  horse  the  Hweat-librest  for  tiie  sido 
of  face  and  in  the  pig  those  for  the  snout  appear  to  run  in 
branches  of  the  lifth  nerve  and  not  in  the  facial ;  in  the  latter 
animal  at  least  sonic  of  thejie  fibres  reach  the  tUth  ncrvG  from 
the  cervical  sympathetic,  but  apparenlly  not  all. 

§  355.  The  fact  mentioned  above  that  in  the  horse,  after 
section  of  the  cervical  synijmthetic  nerve  on  one  siile  of  the  neck, 
profuse  sweating  is  apt  to  break  out  on  that  side  of  the  face,  has 
suggested  the  idea  that  this  nerve  conveys  inhibitory  impulsM 
to  the  sweat-glands  of  the  head  and  face,  and  that  when  it  is 
divided  the  sweat-fibres  running  in  the  fifth  nerve,  haWng 
nothing  to  counteract  them,  set  up  sweating.  But  it  is  prob- 
ably HUfticicnt  in  this  case  to  suppose  that  the  glands  predis- 
posed to  activity  by  the  higher  temperature  brought  alwut  l>y 
the  section  of  the  sympathetic  dilating  the  blood  vessels,  are 
more  easily  excited  by  any  stimulus  working  upon  them  through 
the  fifth  nerve.  And  though  the  idea  of  a  double  nerA'ous 
mechanism,  augmenting  and  inhibitory,  governing  the  activity 
of  the  sweat-glands,  is  a  tempting  one.  there  are  at  present  do 
satisfactory  reaaous  for  adopting  it^ 


CHAPTER  IV. 
THE  METABOLIC    E'ROCESSKS  OF  THE    BODY. 

§  3M.  We  huve  followed  the  food  throiif^h  Jtii  chant's  in 
the  jilimentnry  cftiml,  ami  have  seen  it  enter  into  the  blood,  either 
directly  or  by  the  intermediate  channel  of  the  lacteals,  in  the 
form  of  jieptone  (or  otherwise  modified  albumin),  sugar  (lactic 
acid),  nrtd  fats,  accompanied  by  various  salta  and  water.  We 
have  further  mccn  that  the  \vnst(>  products  which  leave  the  body 
arc  urea,  carbonic  acid,  suits  ami  water.  Wo  have  now  to 
attempt  to  connect  tojietlier  the  fund  and  the  waste  products; 
to  truce  out  as  far  hh  we  are  able  the  vnrious  steps  by  wliich  the 
one  18  transformed  into  the  other.  There  renminn  the  furllier 
fa*8l[  to  inquire  into  the  manner  in  which  the  energy  Met  free  in 
this  trunsformation  is  distributed  and  made  use  of. 

The  master  tissues  of  the  body  arc  tlie  muscular  and  nervoua 
tissues  ;  all  the  other  tissues  may  bv  re^irdcd  iis  the  servants  of 
these,  j^nd  vrc  may  fairly  presume  that,  besides  the  digestive 
nnd  excretory  tissues  wliich  we  have  ulreaily  studied,  many  parts 
of  the  body  are  engucfed  either  in  further  elaborating  the  com- 

Gralively  raw  fond  which  enters  the  blood,  in  order  that  it  may 
as.siniilated  with  the  leaitt  possible  labour  by  the  mattter 
tisauea.  or  in  so  modifying  the  waste  products  which  arise  from 
the  activity  of  the  master  tissues  that  they  may  be  removed  from 
the  body  as  speetlily  as  possible.  There  can  be  no  doubt  that 
manifold  intvrmwliatc  ehaiigca  of  this  kind  do  take  place  in  the 
body  ;  but  our  knowledge  ot  the  matter  is  at  present  very  imper- 
fect. Id  a  few  instances  only  can  we  localix«  the«e  metabolic 
actions  and  «peak  of  distinct  metabolie  tissues.  In  the  majority 
of  cases  we  can  only  trace  out  or  infer  chemical  changes,  without 
being  able  to  say  more  than  that  tJiey  do  take  place  somewhere  ; 
and  in  cons-^quence,  perhaps  somewhat  loowly.  speak  of  tliem  aa 
takini;  place  m  the  blood. 

How  little  wo  know  eouceming  the  metabolism  of  the  master 
tissnes  themselves  was  shewn  when  we  were  dealing  with  these 
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tissues  in  an  earlier  part  of  this  work  ;  but  success  in  the  study 
of  these  can  hardly  be  expected  until  our  knowledge  is  increased 
as  regards  the  changes  which  the  blood  undergoes  before  it 
reaches  and  after  it  leaves  the  muscle  or  the  nerve.  The  fact 
that  a  large  part  of  the  absorbed  food  is  carried  through  the 
liver  before  it  is  thrown  on  the  genera)  circulation  leads  us  to 
suppose  that  in  this  large  organ  important  metabolic  processes 
are  carried  on  ;  and  observation  with  experiment  conhrms  this 
view.  Important  as  the  secretions  of  bile  may  be  the  other 
metabolic  functions  of  the  liver  are  of  still  greater  importance. 


SEC.  1.    THE  HISTORY  OP  GLYCOGEN. 


§  357.  If  thcliver  of  u  well-fed  animal  be  removed  immudi- 
aUily  afU-r  dcstli,  rapidly  divided  into  small  pieces,  Llirowu  into 
boiling  watur,  rubbed  up  aiid  lx>iled,  a  decoction  may  be  obtained 
which  after  careful  neutralization  and  filtration  will  l)e  toler- 
ably  free  froui  proteid  matter.  Such  a  decoction  ia  remarkably 
opalescent,  milky  in  fact  in  appearance,  much  more  so  than  a 
aimilar  decoction  from  muscle  or  other  tissue,  and  remains 
oikaleiicent  even  after  repeated  tiltration.  Troat«d  with  iodioet 
the  Holutiou  turns  a  browuisb  red,  port-wine  red  colour,  not 
uoliku  that  given  by  dextrine  when  iodine  i»  added;  the  colour 
disappears  ou  warming,  but  reappears  od  cooling  provided  that 
not  too  mucli  protetd  matter  has  been  left  in  cite  solution. 
Treated  with  Kehling'tt  fluid  or  other  tcstti  for  augar,  the  solu- 
tion is  found  to  contain  a  small  and  variable,  but  only  a  small, 
qoantitv  of  sugar. 

If  the  solution  be  exposed,  preferably  in  the  warm,  to  the 
action  of  saliva  or  of  some  other  umylolytic  ferment,  or  be  boiled 
with  dilute  acid,  the  opalescence  di»ap|jears;  aud  the  now  clear 
transparent  solution  gives  no  longer  tht;  puit-wine  reaction  with 
iodine.  Tested  moreover  with  Kehling's  Huid  or  by  other  meanis 
it  is  now  found  to  contain  a  considerable  quantity  of  sugar. 

If  alcohol  be  added  to  the  opalescent  solution  until  the 
mixture  contains  60  p.c  of  tlie  alcohol  (previous  concentration 
by  evaporation  being  desirable)  a  white  amorphous  precipitate 
is  thrown  down.  This  precipitate,  removed  by  liltration.  boiled 
with  an  alcoholic  solution  of  potu»h  in  wbicli  it  is  insoluble,  but 
which  distHilves  and  destroys  any  proteids  which  may  be  pres- 
ent, treated  with  etlier  to  remove  fatt)'  impurities,  and  washed 
with  alcohol  may  be  obtained  in  a  pure  condition.  It  then 
appears  as  a  whito  amorphous  powder,  fairly  soluble  in  water, 
but  always  giving  rise  to  a  milKy  opalescent  solution  unless  an 
excess  of  alkali  be  present,  in  wliicli  case  the  opalescence  may 
be  slight  or  aijsent. 

The  opalescent  solution  of  this  purified  material  give-s  a 
port-wine  reaction  with  iodine,  but  uo  reaction  whatever  with 
Fehling's  fluid  or  the  other  sugar  tests-  Treated  with  an 
M  Ml 
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amylotytic  ferment  or  boiled  with  dilute  acid,  the  solution,  lik« 
tlie  raw  decoctioa  of  liver,  loses  its  opalesceitce  and  ibt  {lort- 
wine  reaction  with  iodine  but  now  gives  abundant  e\-idenee  of 
the  presence  of  sagar.  dextrose,  if  boiling  with  acid  has  been 
employed,  maltose  vbiefly,  if  an  uinykilytic  ferment  has  been 
uacd.  If  quantitative  <It-l«nniiiatioiis  he  i-nij^-loycd  it  will  be 
found  that  tlie  amount  of  sugnr  obtained  i»  prupi^irtionate  to  the 
autount  of  the  white  jMiwder  acted  ujmn;  in  other  word«  Ui« 
rabstance  forming  an  opalescent  solution  is  converted  into  sngar, 
the  Aolution  of  which  is  clear.  Obviously  the  substance  is  a  body 
allied  to  starch;  and  this  is  confirnicd  by  its  elementary  compo- 
sition, which  is  found  to  hv  C^IIjgOj  or  some  miUtinle  of  this. 

IIenc4^  this  body  is  c^iIKil  gitfco-fen.  And  it  is  oWious  from 
what  has  beeii  Htuted  atxive.  tliat  the  liver  of  a  wclbfed  anjinal 
at  the  moment  of  death  contains  a  considerable  quantity  of 
glycogen  either  in  a  free  state  or  in  such  a  condition  that  it  is 
net  free  l>y  siibieding  the  liver  to  the  action  of  boiling  water. 
Vie  may  add  tnat  it  occurs  in  the  liver  in  the  hepatic  celL%  for 
these  when  glycogen  is  present  in  the  liver  Rive,  when  properly 
tested  with  iodine,  the  1 1 iiinicl eristic  port-wine  reaction. 

§  358.  If  the  liver,  instead  of  being  treated  immediately 
upon  the  do«itli  of  tlie  aniimil.  is  allowed  to  remain  in  the  body 
of  tlie  dea«l  animal  for  several  hoars,  esj>eeially  in  a  warm  place. 
)»efor«  a  decoction  is  uiade  of  it,  the  tle<-oction  will  be  found  to 
have  little  or  no  opalescence,  to  be  quite  or  nearly  quite  clear, 
to  give  little  or  no  port-wine  reaction  with  iodine,  but  to  con- 
Uiin  a  very  considerable  quantity  of  sugar.  As  we  s.iid  above,  the 
decoction  even  o(  a  liver  taken  iniinettlately  after  death  generally 
contains  some  little  sugar,  and  the  quautity  of  sug»r  in  the  liver 
apiM-ars  uk  a  rule  to  increase  after  death,  the  amnuitt  of  glycogen 
diminishing  at  the  same  lime.  We  may  infer  from  this  tliat  the 
glycogen  present  in  the  liver  at  the  moment  of  death  is  gradmilly 
after  (leath  by  some  action  (»r  other  converted  into  sugar, 

The  action  is  that  of  some  agency  whose  activity  is  destroyed 
by  the  temperature  of  boiling  water;  hence  (be  din-cttona  re- 
iwatedly  given  above  to  tlirow  the  liver  into  boiling  water. 
Hiis  naturally  stiggestrt  the  presence  in  the  liver  of  an  amylo- 
lytie  ferment.  l!ul.  not  only  bvive  attempts  to  isolate  from  the 
liver  an  amyloly  tic  ferment  failed,  in  the  hands  of  most  observers 
at  least,  but  the  exact  natm-e  of  the  sugar  which  appears  shews 
tJiat  the  change  is  not  effected  by  an  ordinary  amyloljiic  fer- 
ment. In  the  ease  of  the  amylolytic  ferment  of  saliva,  pan- 
creatic jiiiee,  intestinal  juice,  and  in<leed  of  idl  other  amylolytic 
animal  fluids,  the  sugar  into  which  starch  or  glycugeu  is  con- 
vertetl  is  malto-ie.  Now  the  sugiir  which  appears  in  the  liver 
after  death  is  dextrose,  identical,  so  far  nt  least  iis  can  at  present 
be  made  out,  with  ordinary  dextrose.  We  are  led  therefon;  to 
infer  thai  the  ctmiige  of  glycogen  into  soger  which  ap)iears  to 
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g\>  till  after  death  is  carried  out  by  some  aotion  of  the  liver, 
probably  of  the  liupatic  cell  itw-lf.  wbicli  is  done  away  with  by 
a  t*miJcraturo  of  100°  C,  but  which  is  not  th«  action  of  a 
ferment  v»ptible  of  bciuf;  isulnted. 

§  359.  Wf  iiavc  astnt  tibovv  the  plinwi;  'wcll-ftf4'  aniinat 
beLHum^  ihf  uitiuiiiit  of  glycopt'ii  iiresent  in  tlu?  livvr  of  uu  amioul 
nt  liny  one  time  ih  very  variable,  and  eauecially  dependent  on  the 
nmoiitit  and  nature  of  the  food  previously  taken.  When  all  food 
is  withheld  from  an  animal,  the  glycogen  in  the  liver  diminislie^, 
rapidly  at  first,  but  nior«  slowly  afterwards.  Even  after  nome 
dayii'  starvation  a  small  qnantity  is  fretjuuntly  still  found:  but 
in  rabbits,  at  :dl  evt;nts,  llie  whulu  niuy  eventually  (li^apjH-ar. 

If  lui  Huiuiitl,  aftt^r  biwinjr  been  starved  until  its  liver  may 
be  uMumed  to  be  free  or  alninttt  free  from  glycogen,  be  fed  od 
A  diet  rich  in  carboliydrateti  or  on  one  consisting  exclnitively  of 
earbahy<I rates,  the  liver  will  in  a  short  time  lie  found  to  contain 
a  verv  large  quantity  of  glycogen.  Obviously  tlie  presence  of 
cartHiliydrates  in  food  leads  to  an  accumulation  of  glycogen  in  the 
liver:  and  this  is  true  both  of  stiircli  and  of  dextrin  and  of  the 
various  forms  of  sugur,  cane,  grttpe  nnd  luilk  sugar.  The  effect 
may  be  quite  a  rapid  one,  for  glycogen  lia«  been  found  in  the 
liver  in  eomtiderable  qnantity  within  a  few  hount  after  the  intro- 
duction of  sugar  into  the  alimentary'  canal  of  a  starving  amiiuil. 

If  an  animal,  similarly  starved,  be  fed  on  an  exclusively  meat 
diet  a  certain  amoimt  of  glycogen  is  found  in  the  liver,  'rhia 
appears  to  be  especially  the  case  with  dogs  (probably  with  other 
carnivorous  unimwlf  also);  and  in  earlier  works  on  the  aidiiect 
the  constant  pruse iice  of  glycogen  in  the  livei's  of  dogs  fed  on 
meat  was  regarded  U8  an  important  indication  of  the  formation 
within  the  body  of  non -nitrogenous  from  nitrogenous  material. 
But  in  the  tiTMl  plmx'.  the  quantity  of  glycogen  thus  stored  up 
in  the  liver  n-t  the  result  ol  a  meat  diet>  is  much  less  than  that 
which  follows  upon  a  carliobydratc  diet;  and  in  the  second 
place,  ordinary  meat,  capccially  liorsc-flesh  on  which  dogs  in 
snch  exjieriments  are  usually  fed,  eontRins  in  itself  (§  59)  a 
certain  amount  either  of  glycogen  or  some  form  of  sugar. 
Moreover  when  animals  are  fed  not  on  meat  but  on  puriJivd 
protoid.  such  as  fibrin,  casein  or  albumin,  the  quantity  of 
glycogen  in  the  liver  becomes  still  smaller,  though  according  to 
noRt  obwervun*  r<^nmining  greater  than  during  starvatiim.  We 
may  infer  therefore  that  part  of  the  glycogen  which  appears  in 
the  liver  after  a  meat  diet  is  really  due  to  carbohydrate  mate- 
rials present  in  the  meat.  Part,  however,  would  appear  to  be 
the  result  of  the  actnal  proteid  forxl;  un<l  we  iuive  similar  «vi- 
denee  that  gelatine  taken  as  food  leads  to  the  formation  of  some 
glTCOfpm  in  the  liver.  Hut  in  tiiis  respect  these  nttrogftnouK 
autwUuices  fall  far  short  of  carbohydrate  material. 

With  regard  to  fats,  all  olK«ervers  are  agreed  that  ttie«e  lead 
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to  no  acctimiiliilion  of  glycogen  in  the  liver;  an  animal  fed  on 
an  expluaively  fatty  diet  ha^  no  more  glycogen  in  its  liver  than 
a  fltarving  anima). 

Hence  of  thu  three  great  claaaea  of  food-atuffa,  the  carbo- 
hydrsitcs  stand  out  prominently  lut  thu  Mubittauees  which  taken 
H£  food  Irad  to  itii  Hucuniulatiou  of  glycoffCn  in  th«  liver.  Wo 
may  remark  that  the  greatijst  acuumulittiuii  of  glyuugen  in 
effected  not  hy  n  i«nu  carbohydrate  diet,  but  hy  a  mixed  diet 
rich  in  carbohydralea.  A  oiiatitity  of  carWhydrat^)  mixed 
with  a  cerUiin  proportion  of  ])roteiil  gives  rise  to  a  larger 
amount  of  glycogen  in  the  liver  than  the  Hame  quantity  of 
carljohydrate  given  by  itself ;  and  it  ia  possible  that  the  prea- 
encc  of  HJi  appropriate  quantity  of  fat  still  further  assiata  tlio 
iiccumulatioii.  Uut  this  result  probably  dci>en<ls,  in  part  at 
least,  on  the  fact  that,  though  diiTerences  may  Ix;  met  with  in 
different  animak,  a  mixture  of  the  sevi-ral  classes  of  fooil-stuJTs 
is  more  readily  digt-sticd  resulting  in  more  nutritive  material 
being  tiirown  ujmiii  the  blood,  than  is  a  meal  consisting  exolu> 
flively  of  one  kind  of  food-stufl'  alone. 

So  far  aa  we  know  at  present  the  glycogen  which  thus 
appears  in  the  liver  as  the  result  of  feediug  either  with  any  of 
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Fio.  105.     Skctios  or  LivtK  ur  Vnav.     (Loaj^oj.) 


The  Fiinire  ahewB  the  lubular  Mruoture  of  tha  liver.  At  («)  a  tubnk  it 
seen  In  tnuisvursct,  At  (b)  in  luagiiuilinnl  section.    I,  Inmgn  o(  inhiilr. 

TUr.  livrr  wits  that  of  it  winter  (rofl.  and  Uin  colls  ttww  an  llin*r  mmm  td 
prol«id  griinulcs ;  llio  outer  zona  itm  clilell;  occupied  by  ^jrOOgn. 
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till!  viu-ious  forinis  of  ciirlwhydrutes,  or  with  proleids,  or  with 
utiicr  (lubxtuiivtits  i^  of  the  tiuiiie  kind  iiiul  iirest^iiUi  the  same 
chartict«nt ;  ut  least  we  have  no  evidence  ti>  the  oontrary. 

The  8toring-up  of  glycogen  in  the  liver  is  aLso  innuenced 
by  other  circuuRlancea  tnan  the  taking  of  food.  For  instance 
in  the  frog  an  increase  c»f  glycogen  takus  phicu  during  the  win- 
ter months.  In  the  HUinmcr  mouths  thi;  livvr  of  a.  frug  will  he 
found  to  contain  very  little  glycogi-n.  Fig.  106  c,  iiiilcs;;  th« 
animal  has  been  unusually  well  fed;  whereas  a  liverexuminvd  in 
mid  winter,  Figs.  105,  loy  a,  will  he  found  to  contain  a  consider- 
tthle  quantity,  oven  tiioiigh  no  food  has  been  taken  for  months. 
In  such  a  case  the  material  for  the  formation  of  the  glycogen 
in  the  liver  must  have  Iwen  furnished  by  some  part  of  the  body 
of  the  frog,  and  could  not,  as  may  be  the  case  when  a  meal 
leada  immediately  to  an  increuitc  of  glycogen,  lie  supplied 
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P)0.  106.    Thsr  FRicu  OP  Tn>  Ilirtnc  Ctu.»  or  nw  Fkou.    (Lui^oy.) 

A.  CUIa  rich  Ln  (tlyeoiRni'  Tikeo  from  a  [roK  ^iirlnii  wintm'.  Ttw  cetla 
an  luTice,  and  proiciU  grauiilM  are  maoaed  round  ili«  lumvn.  tli«  liomogetwoui 
outer  uinra  i)i  thr  rrllH  bcin^  Ur^ly  eompoaed  of  eIvcdki-h  n-Uicb  iru  pnwnt 
Id  ooiwidmblr  >t>iiiiiliui<:i'.  'the  ouMr  lonM  conuinM  numvrciu  tM  ftf<>balw, 
■iMwn  m  d*rk  Anitt ;  hat  M  sUUd  in  Ui«  text  UivM  Fbl  globalc*  vary  niiicli. 

B.  Cvlls  puor  ill  gtyoogen.  TUkr  rrani  a  winUr  (nqt  wbh'ti  hiul  bveu  kept 
MSfC.  tor  10  dajDL  The  oella  eonUii)  rvry  liule  jclycLigVD  mid  lius  proteid 
gnuinle*  ars  dUpened  UtronslMnit  thn  cell.  In  n  KummKT  trog  well  fed  on  pro- 
lAlda  the  eelte  ifoald  pMwnt  a  nwf  elmllar  appcitnuicp. 

C.  Statvad  c«Ua.  1Uc«n  tnm  »  mmDMir  frag  after  a  laos  Un.  T)ie  eolla 
an  Mnall  and  almoet  (rw  from  filroopn.  The  pmU'id  KramilM  u«  diBpened 
tfarougbout  the  orlL 

JUl  Ibc  upMlmona  irrre  bardrncd  in  1  p.e.  aninic  aolil,  and  are  dratrn  to  tbc 
Heme  or  bewi;  lo  the  mmo  *catr. 
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directly  from  the  fooiL  It  »ceius  as  if  in  tlie  etnminer  tlie  frog 
lives  up  to  it8  capital  of  hepatic  glycogen,  npeitdiag  it  as  fast 
almost  as  it  is  made,  but  that  dunne  tSc  winter  a  quantity  tg 
funded  to  provide  for  tlic  demands  oflate  winter  and  early  spring. 

This  wint«r  storage  of  ht^palic  glycogen  in  the  frog  seems 
closely  dependent  oil  temperature.  If  a  winter  frog,  whosu 
liver  IB  prusumubly  more  or  less  loaded  with  glyeogen,  be  ex- 
posed for  aome  timo  to  a  tempfiatnre  of  :20'or  a  Utile  higher, 
the  liver  will  afterwards  he  found  to  contain  little  or  no  glyco- 
gen. Fig.  lOU  II ;  iind  conversely  if  a  summer  frog  be  exposed ^ 
to  untimely  cold,  glycogen,  though  not  in  any  great  quantity, 
begins  to  be  stored  up  in  the  liver. 

§  360.  Before  wb  attempt  to  discuss  further  how  food  and 
other  tireunwt<ineea  thus  affeet  the  glyeogen  in  the  liver,  it 
will  be  liesiniijle  to  consider  eertaiii  liisLtduglnil  eliange*  occur- 
ring in  the  iicpatie  cells,  imder  various  coiulitions.  It  will  be 
convenient  to  l>egin  with  the  celU  of  the  more  distinctly  tubular 
gland  of  the  frog. 

In  a  frog  which  has  not  Iwen  subjected  to  any  special  treats 
ment  the  cell -substance  of  the  hepatie  cell  (cf.  He.  106  a)  will 
generally  be  found  to  contain  lodged  in  it«eli  llirec  kinds  of 
material,  the  presence  of  which,  if  not  directly  recognizable  in 
the  fresh  cell,  may  be  demonstrated  by  the  use  of  varioufl 
reagents.  In  the  first  place,  oil  globules  of  variable  size  and  in 
variable  amount  are  scattered  throughout  the  cell ;  Rometimei*, 
as  we  have  already  said,  these  are  extremely  abundant;  but 
there  is  otherwise  nothing  very  special  about  these  fat  globules 
in  the  hepatic  cell  to  dematid  any  discussion  eonecming  them 
apart  from  the  general  discussion  on  the  formation  of  fat,  into 
which  wc  shall  enter  later  on. 

In  the  second  plai.^  a  number  of  small  discrete  granules 
may  be  seen  lodged  in  the  cell -substance.  These  apjwar  to  be 
of  a  proleid  nature  luid  are  generally  most  abundant  on  the 
inner  aide  of  the  cell  near  the  lumen  of  the  bile  passage.  The 
presence  of  these  granules  is  closely  dependent  on  the  activity 
of  the  digestive  processes.  They  diminish  when  iligestion  is 
going  on  and  accumulate  ugnin  afterwards.  Putting  aside  cer- 
tain details  wc  may  say  that  these  granides  behnve  very  much 
like  the  granules  in  an  albuminous  salivary  cell,  a  pancrentia 
cell  01'  it  chief  gai<tric  cell ;  and  we  may  probably  safely  con- 
clude that  tiiey,  like  the  granules  in  these  cells,  are  in  soma 
way  concerned  in  the  formation  of  the  secretion :  that  is,  in 
their  case.  bile. 

In  the  third  place,  the  cell  contains  more  especially  in  its 
outtir  parts,  nearer  the  blood  vessel,  away  from  the  lumen  of 
the  bile  passage,  a  variable  quantity  of  material  which  differ* 
from  tlie  ordinary  lell-substiLiiee  iu  l>eing  hyaline  and  refraetive 
and  hence  glassy  looking,  and  in  slaiuiug  port-wine  red  with 
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incline  iofitcitd  of  brownish  yellow  as  ilocit  ordinary  eoU-<iiih- 
stiincc.  Tliit)  iiiuturial  ih,  lliouf^li  with  sotnt-  littk^  difHculty, 
soliiblv  ill  Wilier,  ami  l)y  this  iiietinK  may  Iw  (UssoUW  out  from 
the  cell.  When  this  !.■<  dime  the  plares  which  it  Ofciipicd  ap- 
pear lui  vHcuolefl  or  frapn  of  various  mzOR  limited  )>y  barit  of  the 
ceU-Aubstaitce.  whicti  thua  takea  on  the  fonn  of  a  network, 
the  mcsliea  of  wliich  are  wider  and  more  oonspicuouH  in  the 
outer  part  of  tfic  I'ldl,  in  wbii-h  the  hyaline  material  was  pre* 
vtously  most  iibiindaiit.  In  the  inner  jiart  of  the  cell  where 
tlie  hyulinu  niatt^rrial  wa«  scanty  the  i.-t^ll'sulistance  is  more 
dense,  mid  even  in  the  outer  ]iart  a  shell  of  more  dense,  less 
reticulate  eell-subxtiince  affordit  a  definite  outline  to  the  cell. 
There  can  be  no  douht  that  thU  hvaline  material  ia  either  actual 
glycogen  such  as  may  be  extracted  from  the  liver,  or.  an  seems 
more  probable  from  its  deficient  aohibility.  glycogen  in  some  more 
or  less  loose  combination  with  some  other  body,  a  combination, 
however,  of  such  a  kind  timt  the  iodine  rt-itction  makes  itself  felt. 

?  361.  The  above  may  be  taken  as  n  general  description  of 
»  ce^l  in  an  ordinary  condition.  The  question  now  comes  Iwfore 
tu.  What  changes  are  brought  about  by  various  fooda  or  by  the 
Absence  of  fooa  ? 

If  a  frog  he  largely  fed  on  a  diet  containing  large  quantities 
of  carbohydrates,  the  liver  will  be  found  rich  in  glycogen  ami 
the  cells  will  present  the  following  characters.  The  cell  is 
relatively  large  (of,  l-'ig.  106  a)  and  as  it  were  swollen  ;  the 
evil -substance  is  largely  occupied  by  the  hyaline  material  juxt 
spoken  of,  cispt-eiaUy  in  its  outer  ))arl8,  so  that  in  sections  pre- 
pMrcHl  and  mf)nnt<?d  in  the  ordinary  way  in  which  the  glycogen 
has  been  dissolved  out  the  greater  part  of  the  cell  consists  of  a 
loooe  open  network  of  bars  of  stained  cell-substjuiee.  with  wide 
meshes;  a  certain  quantity  of  more  solid,  generally  granular 
looking  cell -subs  tan  CO  occupies  the  part  of  the  cell  nearest  the 
Ituuen,  and  a  thin  shell  of  cell-sul»tanee  forms  an  envelope  for 
the  rtart  of  the  i-ell.  The  nucleus  is  large  and  distinct.  When 
such  a  cell  is  seen  in  a  jierfectly  frenh  state,  the  hyaline  refrac- 
tive material  fgiviiig  the  reaction  with  iodine)  often  hides  the 
nucleus  and  the  greater  |>art  of  the  ccU-subslance  proper. 

If  on  the  other  hand  the  frog  be  fed  on  a  proteid  diet  free 
from  carhohydrates.  for  instance  on  lihriii,  the  liver  contaimt 
little  or  no  glycogen,  and  the  hepatic  ci-lls  are  not  only  mueli 
«aiiiUer  but  present  an  appearance  very  different  from  the  above 
(cf.  Fig.  106  B).  Little  or  no  hyaline  material  is  visible,  tlie 
cells  give  little  or  no  port-wine  ivaclion  with  iodine,  hut  only 
the  usual  brown  yellow  proteid  reaction,  and  in  specimens 
prepared  and  mounted  in  the  ordinary'  way  the  cell-substance 
appears  densely  granular  throughout. 

Laatly,  if  tde  frog  be  starved,  and  if  to  the  effects  of  starva- 
tion  there  be  added  those  of  ex])osurc  to  a  high  tetnperuture 
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Fw.     107.       Xkc'tios     or 
Uahujilu!!  I.ivEit  ntrn  m 

uogcD  uut  dluulvod  out. 


(25*).  Iiy  which  as  we  have  seen  the  hepatic  cells  are  markedly 
affected,  the  liver  is  fuuiid  bo  bo  free  frotn  glycogen,  and  (he 
hcpntic  cells  t«  Iw  oxtrcnicly  smiill  (cf.  Fijj.  106  c),  only  half 
the  Bize  or  even  less,  of  those  of  the  well-fed  froft*  '>"*■  othenvise 
much  like  the  cells  in  a  irng  fed  on  proteid  tnaterial. 

^  363.  In  the  mammal  changes  in  tlie  lie[iaUc  celU  similar 
to  tJioae  juHt  described  an  occurrmg  in  the  frog  have  also  been 

observed.  When  the  animal  is  fed  on 
a  diet  rich  in  carbohydrates,  and  when 
therefore  as  we  have  seen  tJie  liver 
aboimd»  in  glycoj^cn,  the  hepatic  cells 
(Kig.  107)  are  larger  (so  hirgc  that  they 
have  by  some  authors  been  deacribed 
ax  compressing  the  lobnlar  capillariej^) 
and  loaded  with  the  same  refractive 
hyaline  material  staining  port-wine  red 
with  iodine.  When  this  material,  which 
is  disposed  more  centriiUy  in  the  cell 
than  is  the  oise  in  the  frog,  is  dissolved 
uHt  a  coiinw  open  network  of  eell-sub- 
stance  is  displaved.  We  may  add  that 
in  »n  animal  thus  fed  the  whole  liver 
is  very  large  and  as  it  were  swollen ;  it  is  also  soft  and  tears 
easily. 

In  an  animal  fed  on  proteids  alone,  for  instance  on  fibrin,  the 
liver  fre(|uently  contains  some  glycogen  and  the  hepatic  colls 
contain  a  small  quantity  of  hyaline  glycogenic  material.  Aa 
in  the  corresponding  case  Jii  the  frog,  the  cells  are  compara- 
tively sniiill,  and  the  cell-substanoe  appears  finely  and  uniformly 
granular. 

In  a  starved  mammal,  the  liver  ia  small,  dense  to  the  touch 
and  tough  ;  it  contains  a  trace  only  of  glycogen  or  none  at 
all;  the  cells  (Fig.  108)  are  small,  as  it  were  shrunken,  and 

the  cell -substance,  which  gives  no  port- 
wine  reaction,  or  a  mere  trace  only, 
with  iodine,  is  still  more  finely  granu- 
lar. 

§  363.    The  microscopic  appearances 
just  descrilwd  shew,  and  indeed  general 
considerations  lead  us  to  the  same  con- 
clusion, that  the  processes  taking  place 
in  a  hepatic  cell  arc  very  complex.     In 
the  ttrst  place,  the  conxtitncnttt  of  bile 
Fiaioft.  SkctioxovHah-    are  being  formed  and  discharged  into 
'i^^'C:  o\:'^r.t^^:^:.".    the  l,ile   passages  after  the  fashion   of 
<l.*ngle7.)  an  ordinary  secreting   gland.      In    the 

OtinietcUlapKimQo.  Tho     necoiid  place,  a  formation  of  slycofjen  is 
xniiDlm  mra  not  well   pre-        i      j.   ■  *  i  j  l   i?r       '' 

•erred  ia  tom«  ot  tbe  neUii.       alBO  taking  place,  and  we  shall  have  pres- 
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VQlly  to  ooitBider  briefly  tlie  relatiunji  of  ihe  onv  process  to  the 
other.  In  the  third  plane,  aa  is  especially  indioiterl  by  thu 
futuiewhat  peculiar  effects  on  the  hepatic  cell  of  food  exolnitively 
protcitl  in  nature,  other  proce-sses.  similur  perhaps  to  the  forma- 
tion of  gIyco{'<'''i  hut  not  rvjmltins  in  the  siorajje  of  my  cy fw-  -  /tvi 
hydratu  iniituriul  iiiul  dvaliii<;  pos.4il>iy  witb  proti-itl  subntances. 
auo  tiik«  pUue.  Hence  the  exnct  interpretation  of  all  the 
changes  which  may  bo  observed  heooines  exceedingly  dillJcult. 

Leaving  the  processes  of  the  lirst  and  third  kind  wholly  OD 
one  side  for  the  present,  and  confining  our  attention  entirely  to 
the  glycogen,  it  is  obvious  tliat  this  hepatic  cell  manufactures  the 
glycogen  in  some  way  or  other,  and  lodges  it  in  it«  own  substance 
'or  till!  time  very  much  in  the  way  tbat  n  secreting  cell  manu- 
faetures  ntul  lodges  in  itself  fur  a  time  material  for  thescerction 
wliich  it  i^  about  to  pour  forth.  There  is  this  dilTerunce,  tbat  in 
the  one  ease  the  material  of  the  secretion,  after  undergoing  as 
we  have  seen  more  or  less  cliange,  is  cast  out  into  the  lumen  of 
the  alveolus,  whereas  in  the  other  case  the  glycogen,  which  must 
undergo  change  since  it  may  be  nuwlc  to  disappear  rapidly  from 
the  hepattt!  cell,  is  not  wlien  cbangml  cast  out  into  the  bile 
passngt^s  ;   it  must  therefore  be  sent  hack  again  to  the  blood. 

5  364.  We  say  "  mauufactur<M  (he  glycogen  in  some  way  or 
otJier,"  and  we  have  now  to  inquire  what  we  know  concerning 
tike  nature  and  the  seventl  steps  of  thU  manufacture. 

We  have  already  seen  that  the  presence  of  glycogen  in  the 
liver  is  especially  favoured  by  a  carljobydratc  ibet ;  and  in  our 
studies  on  digestion  wo  have  seen  reason  to  think  that  a  very 
hirge  part  at  all  events  of  the  earhohydrat«  material  of  a  meal  is 
ftlworued  as  sugar  by  the  capillaries  of  the  intestiue  and  carried 
aa  sagar  to  the  liver  in  the  jKirtal  blooil.  Hence,  it  seems  only 
reasonable  to  eonelude  that  the  glycogen  which  makes  its  apiiear* 
ance  in  the  liver  after  an  amylaceous  meal  arises  from  a  direct 
conversion  of  the  sugar  carried  to  the  liver  by  the  portal  vein,  the 
sugar  becoming  through  some  action  of  the  licpatic  cell -substance 
dehydrated  into  glycogen,  or  animal  starch  as  it  biw  bcvn  called, 
tlie  process  being  a  reverse  of  that  by  which  in  tlie  alimenlury 
canal  atarch  is  Tiydrated  into  sugar  through  Uie  action  of  the 
salivary  and  pancreatic  ferments.  Vegetable  eells  can  undoubt- 
edly convert  both  starch  into  sugar  and  sugar  into  starch  :  and 
there  are  no  a  priori  arguments  or  imsitive  facts  which  would 
lead  us  to  suppose  that  the  activity  of  animal  living  snbst<inee 
cannot  accomplish  the  latter  as  well  as  the  former  of  the-se  changes. 
We  are  quite  ignorant  it  is  true  of  the  exact  way  in  which  eiliier 
the  hydnitiun  or  thu  dehydration  is  effected  by  living  sultslance; 
but  we  arc  «'qually  ignorant  of  the  exact  way  in  which  an  amy- 
lolytic  ferment  e{te«;ta  the  hydration  of  starcli  into  sugar,  which 
it  carries  nut  with  so  much  apparent  ease.  It  is  not  a  greoit 
aaaumption  to   suppose  that  the  continually  chaJiging  living 
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iiuhstance,  wliich  in  it-s  changes  is  continually  giving  out  energy, 
has  the  power  of  acting  on  molecules  of  starch  or  of  sugar  in 
contact  with,  or  (ivcii  only  near  to  itself,  anil  sn  of  hyilrtiting 
Bturcli  into  the  sugur  oi  of  (luliyilnuin}i  sugar  into  »turcli.  The 
latter  process  may  he  a  moro  (lithcult  one  than  the  former,  hut 
not  one  heynnd  the  power  of  tlie  lixing  substance.  We  may 
fairly  suppose  that  a  i|uantity  of  sugar  in  solution  present  in  a 
vacuole,  for  instance,  of  the  hepatic  cell-substance  am  be,  by 
some  action  of  the  cell-substance,  converted  into  glycogen  in  a 
solid  form,  filling  up  the  vacuole.  Again,  as  we  liiive  ineiden- 
tally  nieiitioiied,  sugar  injected  into  tlie  jugular  vein  reailily 
gives  rise  towugar  in  the  urine;  hut  a  very  considerable  quantity 
can  he  slowly  iniecteil  into  the  portal  vein  without  any  api>earing 
in  the  urine.  '1  his  suggests  the  idea  that  the  liver,  so  to  sneak, 
catches  the  sugar  as  it  is  passing  through  the  hepatic  capillaries 
and  at  once  dehydrates  it  into  glycogeu. 

Similar  considerations  may  also  be  applied  to  the  ease  men- 
tioned above  of  the  appearance  of  glycogen  in  the  hepatic  coUs 
of  winter  (fasting)  frogs.  We  have  re;ison  to  think  that  «vigar 
makes  its  appearance  as  a  product  of  the  metabolism  of  variaus 
tissues.  'I  he  sugar  thus  arising  finding  its  way  into  blood 
may  be  made  use  of  at  once  elsewhere,  converted  speedily  for 
instance  into  carbonic  acid  and  so  got  rid  of.  liut  we  can 
readily  imagine  that  under  certain  circumstiinees.  as.  for  in- 
stance when  the  activities  of  the  nninml  were  lessened  by  a 
low  lem|ieratnre,  it  was  not  so  made  use  of  and  remained  in 
tlie  blood.  If  so  it  would  in  the  course  of  the  circulation  Ira 
carried  to  the  liver,  and  might  be  nt  once  taken  up  by  the 
hepatic  cells  and  converted  into  glycogen ;  and  these  might  be 
BO  active  that  the  blood  was  never  at  any  time  allowed  to  remain 
loaded  with  sugar  to  such  an  extent  as  to  ])ermit  a  loss  through 
the  urine. 

§  365.  Upon  siich  a  view,  the  ciirlKihydrat*  taken  aa  food 
woidd  be  converted  into  glycogen  by  the  agency  of  the  hepatic 
cell,  without  at  any  time  becoming  an  integral  part  of  the  liv- 
ing substance  of  the  cell.  Such  a  view  may  be  the  true  one  ; 
but  it  is  open  for  us  to  look  at  the  matter  in  another  light. 
Wo  may  push  still  fiirther  the  analogy  between  the  glycogen 
of  the  hepatic  cell  and  the  muterial  with  which  a  seoreiing  cell 
is  hmded.  In  ilealing  wilh  secretion  we  saw  reasons  for  re- 
garding  such  a  body  as  mucin  to  be  a  product  of  the  metabo- 
lism  of  the  oetl-suoatance  of  the  mucous  cell .  and  we  may 
similarly  regard  glycogen,  or  sugar  readily  convertible  into 
glycogen,  or  at  least  some  or  other  carbohydrate  material,  as 
a  normal  product  of  the  metabolism  of  the  hepatic  cell,  W« 
may  thus  conceive  of  the  hepatic  cells  as  being  continually  en- 
gaged in  giving  riite  to  carbohydrate  material  in  the  form  either 
of  sugar  or  of  some  other  body ;  and  we  may  suppose  that  under 
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c«rtaiii  circiimslnticfS,  us  iii  tlic  al^xcuce  of  udeqiKito  food,  the 
oarboliyiiriile  niitlBnal  thuM  formed  is  at  onoe  disi^hargiHl  into 
llie  l>Ioo<l  of  llie  liepatic  vein  for  tlie  general  use  of  llio  body, 
but  that  under  other  drcumstanres,  as  when  an  ainylai-i^^uus 
meal  has  been  taken,  the  immediate  wants  of  the  economy  being 
covered  by  tho  carliobydriitcs  of  the  uical.  tht-  carbohydrate 
products  of  the  ht^^patic  nmtabolisni  are  stored  up  as  glycogen. 
Und«r  such  a  view  thi-  sugar  of  the  meal  i.-*  used  up  somewhere 
in  the  body,  and  thf  glyi-ogen  to  the  storage  of  w)iirh  in  tho 
liver  it  givc«  rise  eomes  direct  from  tlie  hepatic  miVistance.  Aim! 
a  similar  exiitanatiun  may  be  given  of  the  storing-up  of  glyco- 
gen in  the  liver  under  such  circiuustance*  as  thoae  of  the  winter 
ttog  previously  mentioned. 

Vfti  do  not  poissfss  at  present  experiiiientHl  or  other  evidence 
of  80  clear  a  kind  as  tn  enable  u.*  to  detMde  dogmatieally  be- 
tween these  two  views.  It  may  be  that  Imth  views  are  true. 
or  rather  that  the  true  conception  embraces  both  views.  It 
may  be  that  the  normal  metabolism  of  the  hepatic  cell  does  pi-i>* 
duee  a  certain  amount  of  carbohj-drate  material ;  but  if  so  the 
probability  is  that  the  exact  form  in  which  that  earbohydrate 
appears  in  the  first  iiislnuce  in  the  tahornlory  of  t)ie  cell  is  not 
tliul  of  glycogen  but  of  sugar  of  some  kind  or  other,  and  that 
tlie  conversion  into  glycogen  is  a  sulwidiarv  act  for  the  ]uiriKise 
of  retaining  the  carliohydrate  material  in  tlie  grasp  of  the  cell. 
If  this  l>e  the  case,  then  until  it  has  been  shewn  that  there  b 
something  peculiar  about  the  sugar  thus  produced  by  the  cell 
it»elf.  by  virtue  uf  which  it  alone  ean  he  converted  by  the  cell 
into  glyeogen,  we  may  fairly  infer  that  the  cell  might  also 
convert  into  glyeogen  sugar  passing  into  the  intei-slices  of  llie 
oell-snhHLance  from  the  portal  capiUaries. 

§  366.  We  may  now  turn  to  another  question,  the  answer 
of  wbicli  is  in  a  measure  dependent  on  the  one  which  we  have 
just  discussed.  What  is  the  tise  and  purpose  of  this  hepatic 
glyeogen  ?  What  ultimately  becoujes  of  the  glycogen  thus  for 
a  while  stored  up  in  the  liver? 

One  view  which  has  heen  put  forward  is  as  follovH.  We 
have  evidence,  as  we  shall  presently  learn,  that  a  great  deal  of 
the  fat  of  tho  body  is  not  taken  as  such  in  the  food,  hut  is 
ctmstnicted  anew  in  the  body  out  of  other  substancra.  Uotli 
carbohy<l rates  and  proteids,  taken  in  excess  or  under  i-ertain 
eireuinstiinces,  lead  to  nn  accumulation  of  fat;  and  we  have 
reiwoii  to  believe  that  carbohydrates  nn  the  one  hand  and  the 
carbon-holding  portions  of  various  proleids  on  the  other,  may 
by  some  process  or  other  be  converted  into  fat.  And  it  baJs 
been  suggested  that  ihe  glycogen  in  the  liver  is  u  pliase  of  a 
constructive  fatty  metabolistn.  that  it  is  material  on  it«  way  to 
become  fat.  Thoro  is,  however,  no  positive  evidence  in  favour 
of  this  view. 
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Anotlior  view,  which  haa  already  been  !tiiggest«il  while  we 
were  dealing  witli  the  manner  of  formation  of  glycogen,  inukt.'s 
use  of  the  lonnation  of  fat  for  the  purpose*  of  analogy  only. 
Seeing  that  adipose  tissuf  Hcrvcs  ax  a  storehouse  of  fat  whioh 
is  not  wanted  by  the  body  lit  the  momc-iit  but  may  be  wanted 

Eresuntly.  thu  qucstiou  readily  prusuutn  itself.  May  not  the 
Bpatiu  {glycogen  have  an  onttlogous  function  ?  Muy  we  not 
regard  the  presence  of  glycogen  in  the  liver  as  in  largo  mvosurc 
due  to  the  fact  that  it  is  deposited  there  nimply  as  ii  »ioTv  of 
carbohydrate  material,  being  accumulated  whenever  amyln- 
ceouit  material  is  abiuidant  in  the  alimentary  canal,  and  being 
converted  into  sugar  aiul  bo  drawn  iipon  by  the  body  at  large 
to  meet  the  gcncrsil  demands  for  carbohydrJitc  material  during 
the  iiitcrvau  when  food  is  nut  being  taken?  And  we  can 
accept  thin  view  withdut  being  able  to  say  definitely  what  be- 
comes of  the  Rugar  limit  thrown  into  the  hepatic  blood.  It  was 
formerly  I)elieved  that  thin  suear  underwent  an  immediate  and 
direct  oxidation  an  it  waa  circulating  in  the  blood,  hut  we  have 
already  dwelt  (§  290)  oti  the  objections  to  such  a  view.  It  is 
sufficient  for  us  at  the  present  to  admit  that  the  sugar  is  made 
use  of  in  some  way  or  other. 

Now,  many  consideratioits  iead  ns  to  believe  that  a  certain 
average  composition  is  neces.'tary  for  that  great  int«mal  medium 
the  blood,  in  order  tliat  the  several  tissues  may  thrive  npcm  it 
to  the  best  advantage,  one  element  of  that  composition  being 
a  certain  jiercentage  of  sugar.  It  would  appear  that  some  at 
least  if  not  all  of  the  tissues  are  continually  drawing  upon  the 
blood  for  sugar,  and  that  hence  a  certain  supply  mu^t  be  kept 
up  to  meet  this  demand.  On  the  other  hand  an  excess  of 
sugar  in  tltc  blood  itself  would  Iw  injurious  to  the  tissues. 
And  as  H  matter  of  fact  we  find  that  tlie  quantity  of  sugar  in 
hlood  is  small  but  constant;  it  remains  atmnt  the  same  when 
food  is  being  taken  as  in  the  intervals  between  meals.  If  sugar 
be  injected  into  the  jugular  vein  in  too  large  quantities  or  too 
rapidly,  a  certain  quantity  appears  in  the  urine,  indicating  an 
effort  of  the  system  to  throw  off  the  excess  and  so  bring  back 
the  blood  to  it«  average  condition.  The  maintenance  of  such 
a  constant  ijcreentage  of  sugar  would  oliviou.s!y  be  providwl 
for  or  at  leiu<t  largely  assisted  hy  die  liver  acting  as  a  structure 
where  the  sugar  might  at  once  and  T,vithout  much  labour  be 
packed  away  in  the  form  of  the  less  soluble  glycogen,  at  those 
times  when,  as  during  an  amylaceous  meal,  sugar  is  rapidly 
passing  into  the  blood,  and  there  is  a  danger  of  the  blood 
Incoming  loadeil  with  far  more  sugar  than  is  necdeil  for  the 
time  being;  and  it  may  be  inctdeiitaily  not«<l  tbiit  a  larger 
quantity  of  sugar  may  be  injected  into  the  portal  than  into  the 
jugular  vein  without  any  reappearing  in  the  urine,  apnarently 
because  a  large  portion  of  it  is  in  such  a  case  retaineu  in  the 


Chap,  it.]     UETABOLIC  PEOCESSES  OF  THE  BODY.       573 

liver  us  glycogL-n.  At  tLose  limus,  od  tliu  uthvr  band,  when 
we  muy  supposu  thul  ttuftir  uva^tex  tr>  pasM  intu  the  blood  from 
th«  alimentary  ciiiiitl,  iTie  average  peryeiitiige  in  tliu  blood  is 
mftintaiiittil  by  the  glycogen  previously  stored  up  bwoining 
reconvcrti'd  into  sugar,  and  being  slowly  discharged  into  the 
hepatic  blood. 

Moreover,  this  view,  that  the  glycogen  of  the  liver  in  a 
reserve  fuud  of  uarbohydratv  material,  is  xtrougly  supported 
by  the  analogy  of  tlic  uiigratioii  of  istarch  in  the  vegetable 
kingdom.  VVe  know  that  tlie  starch  of  the  leaves  of  a  plant, 
whether  itself  having  previously  passed  through  a  glncottc  stage 
or  not,  in  normally  converted  into  sugar,  and  carried  down  to 
the  roots  or  other  parts,  whcrt-  it  frequently  becomes  once  more 
obaoged  back  again  into  staruh. 

§  867.  Glycogen  is  found  iu  other  parts  of  the  body  than 
the  liver,  and  a  study  uf  the  fuctH  relating  to  the  presence  of 
glycogen  in  other  tissues  will  help  us  to  a  true  <;oueeption  of 
the  purpose  of  the  hepatic  glycogen.  Next  to  the  liver,  the 
HkeleUtI  muscles  are  perhaps  the  roast  conspicuous  glycogen 
holders.  Ho  frequently  is  glycogen  found  in  muscle  that  it 
may  be  regarded  as  an  ordinary  though  not  an  invariable  con- 
stituent of  that  tissue :  indeed  it  may  almost  be  considered  as 
a  constituent  of  idl  contractile  tirtHues.  The  quantity  varies 
verj'  largely  both  in  the  different  muscliM  of  the  same  animal 
and  corresponding  muscles  of  different  animals.  It  dianppeam. 
uceonling  to  some  observers,  readily  upon  starvutJou,  even 
before  the  hepatic  glycogen  is  exhausted;  but  all  observers  are 
not  agreed  on  this  point,  and  in  some  muscles,  at  least,  it 
appeara  to  be  retained  for  a  very  long  time.  It  is  said  to  be 
increased  in  quantity  when  the  nerve  uf  the  muscle  is  divided, 
and  the  muscle  thus  brought  into  a  statv  of  quiescence.  On 
llie  other  hand  it  diminislies  or  even  disapiwars,  Wnng  appar- 
ently converted  into  dextrose,  when  the  uiusfle  enters  into 
rigor  mortis.  Sonic  olHtervers  have  found  that  it  diuiitiishea 
during  tetanus,  and  maintain  that  it,  after  conversion  into  dez« 
trose.  is  used  up  in  the  act  of  contraction,  forming  through  its 
oxiflation  the  immediate  supply  of  the  cnergj-  set  free  in  the 
contraction.  But  even  gninttng  that  the  glycogen  in  a  muscle 
may  be  diminished  during  prolonged  labour,  it  cannot  be 
■dmitusl  that  the  oxidation  or  other  I'heniical  change  of  gly- 
cogen is  ■*  necessary  jiart  of  the  onlinary  metabolism  of  a  mus- 
cular contraction,  since  many  muscles  wholly  free  from  glycogen 
are  perfectly  well  able  to  carrj'  on  long-continued  contractions. 

What  is  probably  the  use  of  glycogen  in  muscle  is  sug- 
gested by  tiie  fact  that  undeveloped  emhnp'onic  muscles 
an  peculiarly  rii^h  in  glyt^gen.  In  a  young  embryo,  at  the 
time  when  the  muscular  substance,  though  undergoing  stria- 
tioQ,  is  btill  largely  *  protoplasmic '  in  nature,  the  qtuntity  of 
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glycogen  preoent  ia  enormous ;  it  frequently  aniount^  to  40 
p.o.  ot  the  dry  material.  At  this  tieriod  the  hepatic  cells  are 
immature  and  very  little  glycogen  is  present  in  them.  Lat^r 
on,  as  the  musclos  butome  more  wholly  striat«d,  the  glycogen 
largely  di»iiiipi,-ius  fruiii  iho  nmmle,  and  very  sooii  afterwards 
begii]»  to  111-  MioR'd  up  in  llit^  liver.  The  ineiiiiiug  of  tliia  can 
hai'dlv  In  iLisiiikeii.  'l"he  glycogen  in  the  iiinimture  musolu  is 
a  8tni'i:  Lii  1  :ii  Imhydrate  matcriaT,  laid  do\vn  on  the  KpoL<  and 
ready  at  once  to  be  used  in  what  we  may  probably  call  the 
fierce  metabolic  struggle  by  which  tho  simple  protoplasmic  cell- 
substance  of  the  rudiment  of  the  muscular  fibre  is  transformed 
into  the  highly  difffrcntiaUsd  striati^d  coutractilo  substance. 
And  we  shiill  probably  not  err  in  considering  the  glycogen  of 
the  mature  muscle  to  hold  a.  similar  [Kwition ;  it  is  carbohydrate 
material  stored  up  on  the  spot,  a  local  branch  so  to  speak  of 
the  great  carbohydrate  bank.  It  is  destined  to  become  part  of 
the  contractile  substance,  and  as  such  will  contribute  to  the 
energy  set  free  in  a  muscular  contraction ;  but  its  energy  i» 
only  available  in  this  way  after  it  has  undergone  the  necessary 
metabolism  and  Wcome  part  of  muscular  substnuce :  it  cannot 
bo  fired  off  in  a  conlntctiou  while  it  lies  iw  raw  glycogen  iu  the 
iulenttioeK  of  the  muscular  fibre. 

§  368.  Glycogen  may  also  be  found  in  consiilerable  qiuin- 
tity  in  the  placenta.  Here,  as  we  sliall  see  in  a  liit«r  part  of 
this  work,  it  is  laid  down  in  epitlielial  cells  which  lie  on  the 
boundary  between  the  maternal  and  the  ftetal  tissues.  And 
here  too  tbore  can  !>«  little  doubt  that  it  serves  as  a  store  of 
carbohydrate  material  for  the  nourishment  of  the  fa'tus. 

It  has  also  bceu  found  la  leucocytes,  Hiid  in  cartilage  cor- 
puHclcs,  especiiilly  in  those  large  rapidly  growiug  and  rapidly 
multiplying  cartilage  corpuscles  which  lie  in  the  onler  lone  of 
endocliondral  ossification,  and  in  other  situations.  In  vase»  of 
dial)oteH,  where  the  body  is  overloaded  with  carbohydrate  mate- 
rial, it  has  been  found  in  considerable  cjuantity  in  the  testis,  in 
the  brain  and  elsewhere.  Its  fieeurR-uce  in  these  situations,  and 
under  these  circuiiistanoes,  may  be  regarded  as  additional  evi- 
dence of  the  truth  of  the  view  which  we  have  exgmunded  nbuve 
that  the  main  purpose  of  tlie  deposition  of  glycogen  is  to  afford 
a  sloi-e,  either  general  or  local,  of  carbohydrate  material,  which 
can  be  packed  away  without  much  trouble  so  long  as  it  remains 
glycogen,  but  which  can  be  drawn  upon  as  a  source  of  soluble 
circulating  sugar  whenever  the  needs  of  this  or  that  tissue  demand 
it.  It  thus  forms  a  very  complete;  analogue  to  the  vegetable 
starch,  and  fitly  earns  the  name  of  animal  starch. 

We  have  some  reasons  for  thinking  that  there  are  several 
varieties  of  glycogen,  and  that  the  glycogen  which  exists  in 
muscle  is  not  quite  identical  with  that  which  occurs  in  the  liver. 
Iitdeed  there  seem  to  be  intermediate  stages  between  glycogeu 
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and  starch  or  dextrin.  The  phyAiological  value  of  thei«e  differ- 
encett  has  not  yot  however  been  cluarly  determined,  and,  with 
this  ciiutiuii,  wc  may  coutinut-  to  &pcak  of  glycogen  as  a  ungle 
liubstuiicv. 

IHabetet. 

g  369.  Natural  diabeteit  is  a  disease  characterized  by  the 
appearance  of  a  large  quantity  of  ftugar  in  the  urine.  Thift  is 
due,  a»  we  have  already  said,  to  tlio  presence  of  an  abnormal 
quantity  of  sugar  in  the  blood.  The  system  can  only  dispose 
(cither  by  oxiilation,  or  us  svcum  more  probable  in  other  ways) 
of  a  curtain  ijiiEtutity  of  sugar  in  u  oertitiii  time.  Sugar  injected 
into  the  jugular  veiu  reappi^ars  in  tin-  uriiie  wheneviT  the  injec- 
tion becomes  »o  rapid  that  tlie  percentage  of  sugar  iu  the  blowl 
reaches  a  certain  (low)  limit.  Sugar  in  the  urine  means  au 
excesii  of  HUgar  in  the  blood.  Into  the  pathology  of  the  various 
fornui  of  this  disease  it  is  impossible  to  enter  here ;  but  a 
temporary  lUabetes,  the  appearance  for  a  while  of  a  laige 
quantity  of  sugar  in  the  urine,  may  be  artiBcially  produced  in 
animals  in  several  ways. 

If  the  spinal  bulb  uf  a  well-fed  rabbit  be  punctured 
in  the  region  wliich  we  have  previously  described  (§  164)  as 
that  of  the  vaso-niotor  centre  (the  area  marked  out  as  tlie  "dia> 
betic  area  "  agreeing  very  closely  with  that  defined  as  the  vaso- 
motor area),  though  the  animal  avcd  not  necessarily  \>e  in  any 
other  way  obviously  affected  by  the  operation,  its  urine  will  be 
found,  in  an  hour  or  two,  or  even  less,  to  be  increased  in  amount 
and  to  contain  a  considerable  (luaulity  of  sugar.  A  Uttle  later 
the  quantity  of  sugitr  will  have  reached  a  maximum,  after  which 
it  declines,  and  in  a  day  or  two,  or  even  les»,  the  urine  will  bu 
again  perfectly  normal.  The  better  fed  the  animal,  or,  more 
exactly,  the  rieher  in  glycogen  the  liver,  at  the  time  of  the  oper- 
ation, the  greater  the  amount  of  sugar.  If  the  animal  l)e  pre- 
viously starved  so  that  the  liver  contains  little  or  no  glycogen, 
the  urine  will  aft«r  the  operation  contain  little  or  no  sugar.  It 
JM  clear  tluit  the  urinary  sugar  of  this  form  of  artilicial  diabetes 
comes  from  the  glycogen  of  the  liver.  The  puncture  of  tha 
bulb  causes  such  a  ohunge  in  the  liver  that  the  previously 
stored-up  glyt»gen  di.-sap|>ears.  and  the  blood  becomes  Inndea 
with  sugar,  mucli  if  not  all  of  which  pa.sses  away  by  the  urine. 
In  the  absence  of  any  priK>f  to  the  contrary,  wo  may  a^ume 
that  in  this  form  of  artJbcial  diabetes  the  glycogen  previously 
pre«ent  in  tho  liver  becomes  converted  into  sugar,  just  as  wu 
Know  that  it  docs  l)ceonie  so  converted  by  post-mortem  changes. 
The  glycogenic  funeliun  of  the  liver  is  therefore  .tubject  to  the 
influenee  of  the  nervous  system,  and  in  particular  to  the  inf1u> 
BDoe  of  a  region  of  the  cerebro-spinal  centre  which  we  already 
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know  aji  the  vaao-motor  centre,  or  at  least  of  a  part  of  that 
region. 

§  370.  With  regiird  to  the  nxtict  uaturu  of  the  iiifiufiice 
staried  by  the  jmnelure  of  the  wpinal  liulh,  and  tht!  i)filh  by  wliicL 
that  iiilluenee  readies  the  liver,  our  information  is  at  preHeiit 
very  imiierfeot.  One  thing  seems  clear,  viz,  that  the  intlneiice 
in  question  is  not  carried  down  by  the  main  vagus  trunks;  for 
not  only  haa  the  section  of  both  tliese  nerves  in  the  neck  no 
marked  vffvct  in  the  way  of  produeing  diabetes;  but  the 
'diabetic  |junet>ir«i'  of  tliw  spiiml  bulb  is  as  uQiciciit  after 
division  of  both  vagus  nerve.s  as  before.  Ttii;  influence  ftjiijuant 
to  reach  the  lines  by  way  of  the  Ryni[>atlietic  system  ;  but  uo 
authoritative  statement  as  to  the  exact  path  ean  aH  yet  t>e  made. 
As  to  the  nature  of  the  influence  we  can  [lerlmps  at  present 
only  say  that  most  probably  the  normal  actions  of  the  nepatio 
cells  arc  in  some  way  directly  interfered  with,  for  wc  have  no 
satisfactory  evidenue  that  viiso-niotur  ehauges,  such  »s  dilation 
of  the  hepatic  artery,  and  coiisciiueiit  increase  of  the  supply  of 
arterial  blood  relatively  tn  the  supply  of  venous  blood  by  the 
portal  vein,  bring  about  ihe  result  in  question. 

§  371.  A  temporary  diabetes  may  be  brought  about  by  the 
administration  of  the  subHtance  phloridzin.  Tliis  however  is  a 
glucoKido,  and  part  of  the  sugar  which  appears  in  the  urine, 
after  a  dose  of  it,  may  come  tlireet  from  the  drug  itself;  but 
the  quantity  of  sugar  dischargeil  is  loo  great  to  be  accounted 
for  in  this  way,  and  similar  dialwtin  effects  are  produced  by  the 
administration  of  phloretin,  a  dcrivate  of  phh>rid7.in,  not  a  glu- 
eoside,  and  not  giving  rise  to  sugar  by  ita  own  decomposition. 
The  sugar  which  appears  in  the  urine  after  a  dose  of  either  of 
those  Hubstanecs  seems  t<i  come  in  part  at  least  from  the  hepatic 
store  of  glycogen  when  that  is  present ;  but  the  drug  will  give 
rise  to  sugar  in  the  urine  of  starving  animals,  from  wliose  livura 
(and  <ilher  lis.-4ues)  glycogen  is  prtKumahly  al>.>«ent. 

Artiticiat  diabetes  is  also  a  prominent  s^'niptom  of  urari 
poisoning.  This  is  not  due  to  the  artificial  respiration,  which 
is  had  recourse  to  in  order  to  keep  the  urarized  animals  alive  ; 
because,  though  disturbaucu  of  the  respiratory  functions  sulH- 
eient  to  interfere  witli  the  hejiatie  circulatiou  may  produce 
sugar  in  the  urine,  artillcial  resi)iratiou  may  with  care  be 
carried  on  without  any  sugar  making  iL-<  appearance.  .More- 
iiMT.  urari  eau.ses  diabetes  in  frogs,  although  in  these  animals 
respiration  can  be  satisfactorily  carried  on  without  any  pul- 
monary respiratory  movements.  The  exact  way  in  which  this 
form  of  diabetes  in  brought  about  has  not  yet  been  clearly  made 
out, 

A  very  similar  diabetes  is  seen  in  carbonic  oxide  poisoning; 
and  )8  one  of  the  results  of  a  snthcient  dose  of  morphia,  or 
amyloitrite  and  of  some  other  drugs. 
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A  (liiibetes  of  u  jiertnanent  cliaritutur,  muoh  more  closely 
rcsfiubliiig  tlie  disease  as  occurring  naturully,  inuy  be  brought 
ubout  ill  tlte  followiui^  remarkable  manner.  If  in  n  do;;  (and 
tlie  same  result  may  be  obtained  in  many  other  animals}  tbu 
whole  of  the  pancreas  be  removed,  sugar  makes  its  aiiiiearHncu 
in  the  urine,  and  the  animal  soon  becomes  emaciated,  with  all 
the  symptomH  of  urdiuary  diiibcles.  Tbu  gland  must  l>e 
removed;  mere  lij^ature  or  blucking  of  the  duct  docs  not 
produce  the  effect.  An<l  tlie  wbolo  gland  uiiisl  be  removed : 
if  ouly  a  small  portion  be  left,  the  symptoms  do  not  appear 
or  are  slight  and  temporary.  Moreover,  it  has  been  found  puK- 
sible  to  transplant  a  portion  of  the  gland,  removing  it  from 
its  normal  surroundings  and  grafting  it  in  some  other  silna- 
tion.  In  aucb  a  case  the  wholo  of  tlic  rest  of  the  gland  may 
be  removed  without  causing  diabi^tes ;  but  the  symptoms  imroe* 
diatcly  upiienr  if  the  transphuitcd  portion  be  subsequently 
removed.  We  may  infer  tlmt  the  punereaK,  liesidcs  secreting 
pancreatic  juice,  produces  some  effect  on  the  bloo<l  circulating 
through  it,  probably  discharges  into  the  blood  some  substance, 
and  that  this  eflect,  this  substance,  has  to  do  with  the  regula- 
tion of  the  sugar  in  the  blood.  So  long  as  oven  a  small  portion 
of  (he  gland  is  left,  adequate  effect  is  produced,  and  sugar  does 
not  accumulate  in  the  bluod  ;  but  if  the  whole  gland  is  wanting, 
then  in  consequence  of  the  lack  of  the  normal  effect,  sugar  does 
aecuuiulate  in  the  blood  and  the  cuntlition  of  diabetes  is  set  up. 
How  this  result  comes  abou^  whether  by  reajson  of  a  failure 
to  get  rid  of  tJie  sugar  which  is  normally  produced  or  by  an 
abnormal  ju'oduction  of  sugar,  has  not  yet  been  clearly  made 
out.  The  salivary  gtauds,  in  many  respects  so  like  tlie  pan- 
ureas,  have  no  such  action. 

The  diabetes  thus  set  u])  by  extirpation  of  the  pancreas  has 
further  the  following  resemblance  to  ordinary  diabetes.  In 
mild  forms  of  the  natural  disease,  sugar  uiily  makes  its  appear- 
ance in  the  urine  when  carbohydrate  food  is  taken ;  but  in  severer 
forms  a  large  quantity  of  sugar  may  be  present  in  the  uriiie 
even  though  no  carlKthydrate  food  at  all  be  taken.  The  sugar 
in  such  a  case  probably  comes  from  the  splitting  up  of  proteid 
matter,  and  this  view  is  supported  by  tlie  fact  that  a  certain 
relation  may  be  observed  between  ilie  sugar  and  the  urea 
secr«t«cl  in  the  urine.  So  also  nft«r  extirjiatiou  of  the  pao- 
creos,  OMpecially  if  some  of  the  pancreas  be  left  behind,  u  mild 
effect  may  be  produced,  in  which  sugar  appears  in  the  urine 
only  aft«?r  oirlioliydrate  food.  On  the  other  band  severer 
forms  are  also  mai  with  in  which  sugar  passes  away  by  the 
urine,  though  carbohydrates  bo  rigidly  excluded  from  the  food. 

As  a  sort  of  {Minvorse  to  diabetes  we  may  meutiou  that  the 
administration  of  arsenic  in  suffieieut  doses  or  for  an  adequate 
time  pruventtf  au  accumulation  of  glycogen  in  the  liver  and 
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Hl>piirL'iitly  ill  tJiB  body  frciieriiUy.  whatever  l»e  tli«  diet  used. 
Tlic  prcsKiiuc  of  tliu  molal  in  tlie  lie|)iitic  cell  neeiiis  to  prcvcut 
the  cell-subBtiiiicc  from  iniuiiifacturiiig  glycogen  either  rrtim 
oftrbohydrate  material  brought  to  it,  or  out  of  its  own  siili- 
8tanoe.  An  another  kind  of  coiiverHe  wo  may  also  state  that^ 
the  administration  of  glycerine,  especially  through  the  alimen- 
tary canal,  dimiiiiahea  thu  effect  of  the  diabetic  puncture,  or  of 
morpliia  or  other  poisoning,  in  hurrying  on  the  hepatic  store 
of  Rlyco)jen  into  sugar,  and  thus  diiuinialies  the  sugar  in  the 
iiriue;  the  presence  of  tlie  glycerine  in  the  hepatic  ct-ll  appears 
to  be  iu  8omo  way  a  hindrunco  to  the  conveiinoii  of  the  glyco- 
gen  into  sugar.  Now  glycerine  injected  into  the  aliineittory ' 
canal  of  a  normal  uninial  l^tuU  to  an  increase  of  glycogen  in 
the  liver  ;  and  the  view  very  iiutunilly  »uggesttt  itself  that  this 
increase  ari8ing  from  tlie  glyoerine  is  to  !«  explained  by  the 
glycerine  inhibiting  in  some  way  a  normal  conversion  of  tlio 
glycogen  atore  into  sugar  which  is  continually  going  on.  luid 
thux  uicreosiug  for  the  time  that  Htoru. 


SEC.  2.    THE  S1»LEEN. 


§  378.  The  MovementH  qf  tAe  Splt«n.  A  salient  struoturftl 
{euturc  of  the  s|)l<^eii  if,  that  iiiutty  of  th<.-  ininiitv  artt^nes  open 
out  ink)  the  lahyiiiiths  of  tJie  coarse  reliculum  which  occupy 
the  irregular  chanihera  Diarked  off  by  the  tralxniiilus  bluod 
paettes  bodily  into  the  spaces  between  tne  brancheil  cells  of  llie 
reticulum.  The  amuunt  of  blood  which  thus  travelR  slowly 
through  or  even  for  u  whil«  tarries  in  the  meshes  of  the  retic- 
ulum, forminfr  tlie  so-called  "splceii-pulp,"  as  cointuired  with 
the  Hmuiint  u'liieh  traverxtut  the  spleen  in  the  ordinary  way 
contiiied  U>  the  closed  channels  of  the  cupillarivs,  varies  from 
time  lo  time  according  totlie  condition  of  the  organ.  For  the 
spleen  is  subject  to  onanges  leading  U)  con«iderable  variatiouit 
in  its  volume. 

After  a  meal  the  spleen  increases  in  size,  reaching  its  maxi- 
mum about  five  hours  after  the  taking  of  food;  it  remains 
BwoUun  for  some  time,  and  then  returns  to  its  normal  hulk. 
In  certain  diseases,  siK-b  as  in  thu  pyrexia  attendant  un  certain 
fevers  or  intlauimatiuns,  and  more  especially  in  ague,  a  somewhat 
similar  temporary  enlargement  takes  place.  In  prolonged  agiM 
a  permMieut  hypertrophy  of  the  spleen,  the  so-called  ague-cake, 
occurs. 

The  turgescence  of  the  spleen  seems  to  tie  due  to  a  relaxation 
both  of  the  .tmall  arteries  and  of  the  muscular  tissue  of  tha  cap- 
sule and  of  the  trabeculie;  to  be,  in  fact,  a  vaj»cular  dilation 
accompanied  by  a  local  inhibition  of  thv  tonic  contraction  of 
ib«  otnvr  plain  muscular  fibres  entering  into  the  structure  of 
tbo  organ,  th«  latter,  at  all  events  in  some  animals,  being  prob- 
ably the  more  importAUt  of  the  two.  And  the  condition  of  the 
spleen,  like  ihul  of  other  vascular  areas,  appean  to  be  regnlatod 
by  the  central  nervous  syt^tem,  the  digestive  turgQ|06Dce  being 
fairly  comparable  lo  the  Hushetl  condition  of  the  pancreas  and 
of  the  gastrio  membrane  during  their  phases  of  activity. 

The  application  of  the  plutliysmographic  method  to  ibe 
spleen,  carried  out  in  the  way  which  we  described  in  speaking 
fd  the  kidney  (§  330),  enables  us  to  ntudy  more  exactly  U>e 
varktioiu  in  volume  which  the  orgau  undergoes. 
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A   'spleen  curve'  (Fig.  109)  taken  in  the  sanne  way  tis  a 
*  kidney  curve '  (ioea  not.  in  the  dog  at  all  events,  shew  variii* 
tiona  in  the  volume  of  the  spleen  corresponding  \vith  the  pulite 
waves.      The  kidney  ciirye,  as  we  have  seen  (§  330).   gives 
clear  indications  of  «acli  licart-bt^at,  hut  the  splucu  curve  6]ictv8,4 
bL-sidi-D  the  liirffcr  wtivvs  of  whitih  wc  shall  spuuk  directly,  only' 
undulHtiutis  liuv:  to  tlio  ri^pimtory  rauveinents;  and  these,  alwa_\ii 
vory  slight,  are  soincti tries  i>nt  vJMiMe.     In  other  words,  the 
spleen  does  not  expand   with  the  increase   of   blood -preiwurw 
occurring  in  the  splenic  arteries  after  each  heart-beat.     More- 
over when  the  supply  of  blood  to  the  spleen  is  wholly  and 
suddenly  cut  off.  as  by  clamping  the  aorta,  the  spleen  curve 
sinks  very  slowly,  shewing  tlmt  the  spleen  is  diminishing  in 
volumu  not  suddenly  but  very  slowly.     The  patliway  of  tlio 
blood  ihrongh  th«  splenic  reticulum  is  peculiar;  and  increase^ 
or  decreiiMt;  in  the  volume  of  the  spleen  means  more  or  lessi 
blood  held  in  the  R]>leen  pulp,  not  necessarily  a  greater  or  less 
flow  of  hlood  through  the  organ. 


Fid.  100.     NouauL  Si-uiEN  Cukvk  rnou  Doc.     (Roy.) 

Th«  upper  curve  is  tb«  spleen  currs  «hcwtng  the  rhythmic  oontractliMW  anil . 
■!ipiiii«iuiiM :  the  smaller  wstm  are  dae  to  tlie  lynplntory  mciTemrDts.    Tbu 
luwpr  curv(.>  U  the  liluod-presture  curve,  aud  the  puliii  a  ot  the  spleen  ounvl 
cormniondi  in  limn  to  the  point  5  of  the  blood-prauure  corre.    Tlw  uutka  on 
the  Itmo  curve  below  indicate  seconds. 


Of  special  interest  are  the  large  slow  vartutions  of  volame 
which,  besides  the  reapiratwry  unduliitions,  the  spleon  curve 
usually  shews,  as  seen  in  the  figure.  Rhythmic  coutraetionai 
and  expansiuiis,  tiiough  not  always  present,  frequently  maktt^ 
(heir  iipi*aram*,  eaeh  contraction  wilh  its  fellow  expansion 
lasting  in  t)ie  cat  and  dog  ahnut  a  minute,  and  recurring  wilh 
great  regularity  for  a  long  time:  and  besides  these  the  volume 
varies  widely  from  time  to  time.  There  can  be  little  doubt 
but  that  the  rhythmic  variations  in  volume  are  duv  in  these 
aatmals  to  rhythmic  contractions,  with  intvrvening  relaxations. 
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of  the  tniLHculsr  trtvbeciilii!  and  capsule;  thu  slower  variations 
are  ulso  prtibiibly  (iiie  tn  the  same  cause  In  many  animaht  the 
(M>iitrHotility  of  the  splenit^  tit<9ne  is  shewn  by  the  while  lines  of 
coaHtriction  which  appear  when  the  electrndes  of  an  iniliictiuu 
machine  in  action  are  drawn  over  itn  surface;  and  similar  lines 
may  be  produced  by  mechanical  stimulation  with  the  point  of  a 
needle.  So  that  the  aplccn  in  these  unimuls  may  be  considered 
w  a  muscular  organ,  now  cxpandiuj;  to  receive  a  larger  quan- 
tity of  blood  and  now  contracl iiig  to  ilrive  the  blood  on  to  the 
liver.  When  the  nuisi^ular  elements  are  wiuity  in  or  absent 
from  the  capsule  and  tralieculie,  the  expansion  and  contraction 
of  the  whole  organ  must  depend  alone  or  chiefly  on  variations 
in  the  width  of  the  supplying  arteries.  We  have  evidence 
moreover  that  the  muscular  activity  of  the  spleen,  whether  of 
the  muscular  capsule  and  trabeciUie  and  arteries  combined  or 
of  thu  latter  nlonc.  Is  luider  the  dominion  of  the  nervous  sy^ 
t«m.  A  rapid  conlriietion  of  the  spleen  may  lie  brought  about 
in  a  dirvct  manner  by  stimulation  of  the  spl.invhnic  or  vugus 
nerves,  or  in  a  reflex  manner  by  stimulation  of  the  centra)  end 
of  a  sensorv  nerve;  it  may  aLso  be  cauited  by  stimnlation  of  tlie 
Riediilla  oblongata  with  a  galvanic  current  or  by  means  of  as- 
phyxia. Though  the  matter  has  not  yet  been  fidly  worked 
out.  we  have  already  stilbciently  clear  indications  that  the  flow 
of  blood  through  the  spleen  is,  through  the  agency  of  the 
nervous  8yst4!m,  varied  to  meet  changing  needs.  At  one  time 
a  sinidl  quantity  of  blood  is  passing  tlu-ough  or  is  being  held 
hy  the  organ,  and  the  metabolic  changes  which  it  undergoes  iu 
the  transit  are  comparatively  slight.  At  another  time  a  larger 
quantity  of  blood  enters  the  organ,  and  is  lot  loose,  so  to  speak, 
into  the  splenic  pulp,  there  to  undergo  more  profound  changes, 
and  afterwards  to  be  ejected  by  the  rhythmic  contractions  of 
the  muscular  trabeculie. 

It  is  further  obvioiut  that  these  changes  Roing  on  in  tho 
spleen  must  have  an  important  iiiHuence  on  the  changes  going 
on  in  the  liver;  it  cannot  be  of  indifference  to  the  latter  or^an 
whether  a  relatively  small  (juantity  of  blood,  relatively  little 
changed,  reaches  it  from  the  spleen,  or  whether  it  receives  a 
relatively  large  quantity  of  blood,  profoundly  altered  hy  the 
changes  which  it  has  undergone  in  the  spleen  pulp.  Some  of 
the  changes  taking  place  w  the  spleen  are  histological  in 
nature. 

§  373.  When  the  so-enlled  spleen  pulp  is  examined  under 
the  microi<co|ie,  it  is  found  to  consist,  besides  the  branched  cells 
and  fibres  constituting  the  reticulum,  of  cells  which  may  )>e 
described  as  partiv  red  corpuscles  and  partly  white  corpuscles 
or  leucocytes.  Vi'e  spoke  of  tJie  mcahea  of  the  reticulum  as 
being  tilled  with  blood;  hut  it  is  obvious  that  the  corpuscles  of 
the  blood  must  move  less  readily  through  the  labyrinth  than 
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does  the  fluid  plasniu,  and  tliiit  he-nce  a  vonoentration  ttf  the 
oorpOAoIea  as  compared  with  the  plasma  must  take  place  in  the 
meshes.  The  contents  of  the  meslies  cannot,  properly  speakin?, 
be  called  blood,  but  are  rather  agCTegations  of  corpuscles  wiui 
a  rclativoly  small  quantity  of  fluid. 

The  wiiitc  corpuHclcs  or  leucocytes  are  of  various  kinds. 
Some  itre  sniull,  like  tlie  leucocytes  of  a  lympliatic  f^laiid,  tho 
oell-substance  lieinfj  neaiity  relatively  to  the  nucleus.  Olhvrv 
are  indistinguishahio  from  tite  kinds  of  whit<j  corpuitclett  pre«> 
ent  in  the  blood.  Otliem  a^ain  are  large,  twice  as  large  oa  an 
ordinary  while  corpuscle  or  even  lareer  than  this,  possess  more 
than  one  nucleus,  and  contain  in  theu*  cell-substance  numerous 
rofractivv,  pale  yellow  or  colourless  (;ranulcs.  Some  of  these 
lan^r  forms,  which  like  the  others  exhibit  amu;boid  mowmcnts, 
and  are  often  irre^lar  in  form,  arc  characterized  by  tii«  pn»»- 
«nce  in  their  cell'substance  of  red  corpuscles,  sometimes  in 
almost  a  natural  condition,  sometimes  more  or  less  irregular  in 
shape  with  their  red  haemoglobin  changing  into  the  browner 
hismatin,  and  sometimes  disintegrated  into  a  mass  of  brown 
granidcs.  The  fluid  or  plasma  in  n'hich  these  cells  float  also 
oontuins  besides  normal  red  corpuscles  a  certain  number  of  rod 
corpuscles  in  various  stages  of  change,  iis  well  a.s  jiignicut 
granules  which  appear  to  be  derived  from  b^nioglobiji.  Ob- 
viously a  certain  number  of  red  corpuscles  do  undergo  change 
in  the  spleen,  but  whether  the  change  is  nminly  effected  in  the 
cell-substance  of  the  cells  just  mentioned,  or  takes  place  in  the 
plasma,  tho  products  of  disintegration  being  subsequently  taken 
up,  in  amuiboid  fashion,  by  the  cells  in  question,  is  not  as  yot 
clear.  Besides  Uie  above,  in  the  spleen  of  young  animals, 
Duoleated  cells  with  hidmoglobin  holding  cell -substance,  hw- 
matoblasts  (see  §  27),  have  l>een  described;  the.'te  are  said  to 
appear  also  in  the  spleen  of  adults  after  very  great  loss  of  blood. 

§  374.  The  Chemieat  Constitutnts  cf  the  Spleen.  Besides 
the  chemical  bodies  which  ono  would  expect  to  And  in  a  i-aa- 
cular,  muscular  organ  full  of  blood,  tho  spleen  contains  bodies, 
lod^d  apparently  in  the  spleen  pulp,  which  give  it  special 
chemical  characters.  One  of  the  must  imjiortant  of  these  is  ft 
special  proteid  of  tiie  nature  of  alkali -albumin,  holding  iron  in 
some  way  peculiarly  as-iociated  with  it.  The  occurrence  of  this 
ferruginous  proteid.  accompanied  as  it  is  by  several  peculiar 
but  at  present  little  understood  pigments,  ricn  in  carbon,  which 
are  partly  present  in  the  coUs  spoken  of  above  and  jiartly  de- 
posited in  the  bntnched  cells  of  the  rutieuliim,  appears  to  be 
connected  with  tlm  cluuigvs  undergone  by  Ihe  binnioglobin 
which  we  shall  presently  discuss.  The  inor^nic  salts  of  the 
spleen,  or  at  least  those  of  its  ash,  are  remarkable  for  the 
large  amount  of  both  soda  and  phosphates,  and  the  small 
aaount  of  potash  and  chlorides  which  they  contain,  thus  dif- 
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f«ring  from  thone  nf  blood-(!»rpUHcIeB  on  the  one  hand,  and 
from  those  of  blood-serum  on  the  other.  But  perhaps  the  most 
striking  feature  of  the  spleen-pulp  is  its  richncs-i  in  the  so-called 
extractives.  Of  thesu  thu  mosl  commoa  and  plentiful  are  suc- 
cinic, formic,  acetic,  butyric  and  lactic  acids,  inusit.  leucin, 
xanUiin,  Iiypoxaiithiii,  and  uric  Add.  Tyrosin  apparently  is 
not  present  iu  the  perfectly  fresh  siileen,  though  Icuciii  is:  both 
iiro  found  when  decomposition  has  set  in.  The  constant  pres- 
ence of  uric  acid  is  remarkable,  especially  since  it  has  been 
found  even  in  the  spleen  of  animals,  sucn  as  the  herbivora, 
whose  urine  contains  none. 

The  ricIim'Hs  of  thu  spleon  in  these  extractives  is  au  indica- 
tion of  Uio  importance  of  the  mctaboltc  events  with  which  tbo 
organ  has  to  do;  but  it  will  be  more  prolilablu  to  discuss  what 
^es  on  in  Oie  spleen  in  connection  with  the  metabolic  changes 
in  oUier  paiU  of  the  body,  in  the  liver  for  insianfe,  than  to 
attempt  to  lay  down  any  so-calIe<l  '  functionn '  of  the  spleen. 
When  wo  confine  our  attention  to  the  spleen  itself  we  learn 
very  little;  thus  the  whole  organ  may  be  suooessfully  removed 
without  any  very  obvious  changes  in  the  economy  resulting. 
We  may  return  therefore  to  the  discussion  of  the  formation  of 
the  bilirubin  of  bile,  and  of  the  changes  undergone  by  haemo- 
globin, with  which  as  we  shall  sec  the  spleen  is  connected,  and 
which  moreover  baa  to  do  with  the  formation  of  other  pig- 
ments. 
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§  375.  Bilf  Pitpnevls.  Aflcr  extirpation  of  tlie  Hver  no 
RCcumulatioti  of  Iiile  pijjment  or  bile  Kalt*  takes  place  in  lliu 
Mood,  This  is  well  sliewn  in  Uogx,  whicii  survive  the  opcmtion 
for  stime  consideralile  time;  but  the  same  resnlla  have  been, 
obtained  in  bird^t  (geese  and  ducks).  There  ean  be  nn  dnnbt' 
therefore  that  these  substancM  are  formed  in  the  liver  and  not 
simply  withdrawn  from  the  blood  by  the  liver  in  some  such  way 
as  we  havtt  xven  reason  to  think  urea  is  witlidruwn  from  Uio 
blood  by  the  kidney. 

When  the  plasma  of  circulatinf^  blood  is  made  to  contAin 
hremnglohin  df^tached  from  the  corpuscles,  bile  pigment  fre- 
quently makfis  its  appearance  in  the  urine.  The  presence  of  free 
foemoglobin  may  be  secured  by  injecting  into  the  veins  a  solu- 
tion of  hiemoglooin  or  blood  made  '  laky '  by  freezing  and  thaw- 
ing or  by  the  addition  of  n  small  quantity  of  bile  salts,  or  Yiy 
simply  injecting  into  the  veins  a  quantity  of  distilled  water  or 
a  small  quantity  of  ether  or  chloroform  or  of  bile  sails,  all  nf 
wliich  tend  to  'break  up'  red  corpuscles aiul  set  frceha-inoplobin. 
.\,  similar  result  oconr.*  in  poisoning  by  cert.iin  driit;s,  such  as 
tolnylendiamine.  Under  these  eirr.nmstances  not  only  does  bile 
pigment,  bilirubin,  make  its  appeai-ance  in  the  urine,  but  the 
quantitr  of  bilirubin  secreted  by  the  liver  is  increased-  Obvi- 
ously the  presence  of  dissolved  hn<moglobin  in  the  plasma  of 
the  blood,  and,  presumably  more  eii]>cc'ially  of  the  blooii  renchinc 
tlic  liver  by  the  portal  vein,  leads  u>  an  increased  formation  of 
bilirubin,  which  t-ikes  place  in  such  a  manner  that  the  whola 
of  the  biliiubin  so  formed  does  not  pass  into  the  bile  but  part  is 
retained  in  or  thrown  back  into  the  circulation  and  appears  in 
the  urine. 

We  have  already  mentioned  the  chemical  connection  between 
Iwcmoglobin  and  bilirubin.  Haemoglobin,  after  tbo  dctiacbmcnt 
of  its  proteid  component  in-comes  hicnialin  (C^Hg^N.FcO,).  By 
treatment  with  siilphunc  aoid  or  otherwise  (§  285),  hmnintin 
may  be  deprived  of  its  iron;  and  this  iron-free  luematin  (some- 
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ttnws  called  htcmatoporpbyrin)  is  said  to  hfire  the  composition 
C„Hg,N.O.,  (iiEfcnng  from  Iiiliriilnii  only  in  it«  oxygen  mid 
hydrogen  (tlsjHsaN/)^  +  2HjO  -  O  =  CUHg^^^f^fl)-'  Moreover 
in  old  blood  clot*  in  the  body  ttie  h^emoglohin  of  the  clot  becomes 
in  timi-'  transformed  into  an  iron-free  body  which  has  been  called 
hamutoidin,  hut  which  both  in  composition  and  in  reactions 
appciirs  U)  he  idcnticitl  n-itb  bilirubin. 

The^o  severiil  fiictjt  lead  u»  to  tlie  conclusion  that  the  bilira- 
biu  of  the  bile  i»  simply  some  of  the  hiemoglobin  of  the  blood 
transformed  by  the  throwing  off  of  it«  proteid  nnd  its  iron  oom- 
ponent».  It  ia  natural  to  suppose  that  the  transformation  ta.ke!< 
pliLce  in  and  is  effected  by  the  agency  of  the  hejiatic  cells ;  and 
this  view  is  supjiortcd  ty  the  fact  that  the  hepatic  cells  are 
clliinict«rizcd  by  containing  certain  peculiar  iron  compounds. 
When  all  the  blood  is  carefully  washed  out  of  the  liver  by  injeo 
tion  through  the  blood  vessels,  by  which  means  the  remaining 
bile  is  got  rid  of  at  the  same  time,  the  hepatic  sutMtance  is  found 
to  contain  a  small  quantity  of  iron,  sntiicient  to  give  the  cells 
a  diffused  dark  colour  when  treated  with  ammonium  sulphide; 
the  esact  amount  apiiears  to  vary  largely,  but  the  causes  of  the 
variation  have  not  liuen  determined.  That  this  iron  is  in  organic 
combination  is  indicated  by  the  fttct  that  with  potnssium  ivrro- 
cyanide  and  sulphooyanide  the  blue  or  red  reaction  is  not 
ooserved  until  after  treatment  with  hydrochloric  acid.  Appar- 
ently there  ai-e  several  snch  comiMunds,  of  a  proteid  or  of  a 
nui'Iein  (§  29)  nature,  from  some  of  which  tlie  iron  ia  more 
easily  removed  than  otliers,  and  these  compounds  appear  to  be 
present  in  luth  the  cell-substance  and  tlic  nucleus.  It  will  be 
remembered  (§  205)  that  bile  contains  r  distinct  quantity  of 
iron,  which  probably  has  its  origin  in  the  iron  thu«  set  free  from 
hemoglobin  and  retained  in  the  hepatic  cell;  but  it  does  not 
follow  that  all  the  Iron  thus  set  free  makes  its  way  into  the 
bile;  and  indeed  the  quantity  of  iron  discharged  in  the  )>ile  in 
24  hours  is  much  smaller  than  the  quantity  calculated  to  be  set 
free  in  the  formation  out  of  litemoglobin  of  the  quantity  of  bili- 
rubin discharged  during  the  same  period.  Apparently  tlwi  iron 
compounds  of  the  hepatic  coll  have  some  other  work  thau  the 
simple  discharge  of  iron  into  the  bile. 

§  376.  We  may  ni«<ume  then  that  the  hepatic  cell  lias  tJte 
power  of  splitting  up  the  ha-nioglobin  brought  to  it.  and  of 
discharging  part  as  bilirubin  while  it  retains  for  a  time  the  iron 
component  in  some  organic  combination.  Out  are  we  justified 
in  assuming  that  the  whole  work  is  done  by  the  hepatic  cells? 
Are  we  to  conclude  that  bilirubin  is  manufactured  by  some 
act  of  the  hepatic  cells  which  include:?!  not  only  the  conversion 
of  luemoglobin  into  bilirubin,  but  aUo  the  exliactioo  of  the 
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IiHtmoglobin  from  the  led  corpuscles  as  these  are  streaming 
slowly  through  the  lobiilar  hejiatic  capillaries  in  close  contact 
with  the  hepatic  cells?  Now,  as  far  as  we  know  at  present, 
beamoglobin  can  only  be  set  free  by  means  ai  a  disititcgration 
of  the  corpuscles ;  we  have  no  instunceit  of  n  corpuscle  parting 
with  some  of  its  tiieinoglobin  and  proceeding  on  it*  way  other- 
wise unchanged ;  and  we  liavu  no  histological  evidence  of  any 
di^iintegi-atioii  of  red  corpujicles  in  the  liver  corresponding  tio 
the  formation  of  bile.  Nor  can  wo  draw  any  conclusion  from  the 
results  of  a  comparative  enumeration  of  red  corpuscles  in  the 
portal  and  hepatic  blood,  for  these  are  too  insecure  to  rest  any 
conclusion  upon.  On  the  other  hand,  as  we  have  just  seen, 
the  pivsence  in  tlm  phisniu  of  the  blood  of  hammglobiii  in  a  free 
condition  is  pcculiarl}'  potent  in  exciting  the  form:ttion  of  bili- 
rubin. The  evidence  therefoi'C  i*  very  strong  for  the  view  that* 
as  far  as  the  formation  of  the  greater  part  at  least  of  the  biliru- 
bin is  concerned,  the  action  of  the  hepatic  cell  is  limited  to 
converting  into  bilirubin  the  free  haemoglobin  offered  to  it  by 
the  poital  blood. 

By  what  means,  under  normal  conditions,  is  the  presence  of 
tlist  free  hnimoglobin  secured?  Wo  have  seen  reason  (§  873) 
to  conclude  fi-om  histological  aiipearauccK  that  a  certain  number 
of  red  corpuscles  undergo  change  in  the  spleen  pulp;  and  it 
seems  natural  to  infer  that  one  duty  of  the  .><pleen  is  to  set  free 
hsBtnoglobin  from  the  corpuscles  and  thus,  through  the  splenic 
veins  and  so  the  portal  vein,  to  supply  the  liver  with  material 
for  bilirubin.  But  this  cannot  be  the  only  source,  since  the 
secretion  of  bile  continues  after  extirpation  of  the  spleen. 
There  must  therefore  be  other  regions  of  the  body  in  which  a 
similar  chaii^  of  red  corpuscles  is  going  on ;  it  has  been  sug- 
gested that  tlie  red  marrow  of  Imncs  is  one  of  these ;  but  further 
information  on  these  points  is  needed. 

We  may  then  go  so  fur  as  to  say  that  the  bilirubin  of  the 
bile  is  derived  from  the  hiemoglobin  of  the  Wood,  and  that  the 
later  stages  of  tlie  transformation,  including  the  discharge  o£ 
tlio  iron  of  the  hwmattn  component,  take  place  in  and  by  ini^ins 
of  the  hepatie  cell ;  but  much  beyond  this  is  at  present  uncer- 
tain. It  must  be  lemenibered  loo  that,  though  after extirpAtiou 
of  the  liver  no  accumulation  of  bilirubin  trices  place,  shewing 
that  the  bilirubin  is  formed  by  the  liver  and  not  elsewhere ;  yet 
the  whole  change  from  red  corpH.icIe  to  bilirubin  may  occasion- 
ally  take  place  quits  apart  from  the  liver,  as  shewn  by  the 
presence  of  hicmatoidin  in  old  blood-clott*. 

§  377.  The  formation  of  the  hile  acids.  Abotit  this  we  know 
still  less.  Taking  glycncholic  and  tnurochoUc  acids  as  the  typi- 
cal bile  aoids,  recognizing  (§  207)  that  these  arise  from  the  union 
of  cholalic  acid  with  gtycin  and  lauiin  ixsspeclivcly,  and  remem- 
bering that  taurin  is  found  in  several  tjsaues,  and  that  glycin 
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^t»  S  S39)  though  not  &n  Aotufti  coiistifuciit  of  any  of  tlie 
feUHies  must  certainly  arise  in  tis-sue  melnlxilUin,  we  may  con- 
clude thnl  tlie  chief  work  in  tJiiit  leitpect  of  the  hepatic  cell  is 
to  provide  thecholiilic  acid,  anil  to  effect  the  combination  with 
glycin  and  taurin,  tliough  possibly  some  amount  of  either  one 
or  the  other  of  these  budlus  may  be  furnished  by  the  hepatic 
substaiioe  itself.  Aa  to  how  oholuHc  acid  arisvi.  out  of  the 
metaboliHm  of  the  hepatic  cell  we  know  no  more  than  wo  do 
aliout  the  formation  of  kieatiii  in  muscle  or  of  jteji^in  in  a  gastric 
cell.  We  arc  equally  ignorant  about  the  origin  of  glycin  and 
taurin,  smd  uannot  explain  why  in  one  animal  glycocholic.  and 
in  another  biiirochuliu  acid  is  prominent  in  the  bile,  tJiough  the 
two  bodice,  M  fihcwn  es{>ccially  bv  the  presence  of  sulphur  in 
thu  tiinrin,  .'tie  widely  diffuruut.  U  hait  been  olMCrvecl  uiut  the 
presence  of  bile  in  the  intestine  seems  to  excite  tJie  liver  to 
moreased  biliary  action  ;  since  the  bile  arids  are  i^apidly  changed 
in  the  intuatine  and  the  cholalic  acid  speedily  altered,  it  seems 
probable  that  the  increased  biliary  activity  is  due  to  the  absorp- 
tion of  the  glycin  and  taurin  respectively.  From  which  we  may 
conclude  thut  the  ureseoce  of  these  bodies  stirs  up  the  hepatic 
cell  to  an  iiii;rcaseii  formation  of  choUUc  acid. 

§  376.  As*  a  general  lule  the  formation  of  bile  acids  runs 
parallel  with  the  toviuation  of  bile  pigment,  an  increase  or  de- 
crease of  bile  meaning  an  increase  or  decrease  of  both  constitu- 
ents. But  there  arc  some  facts  which  seem  to  shew  that  the 
two  actions  may  bu  dissociated. 

The  condition  or  symptom  known  us  'jaundice'  is  cssentiBlly 
an  excess  of  bilirubin  in  the  blood,  whereby  the  tissues  such  u 
the  skin,  and  tlie  fluidit  such  as  the  urine  are  coloured  with  the 
yellow  pigment.  In  most  of  the  mabulies  of  which  jaundice  is 
a  symptom,  ther«  is  evidence  of  an  obsliuction  to  the  flow  of 
bile  through  the  bile  passages ;  and  the  presence  of  bile  in  the 
blood  and  heuce  in  the  tissues  at  large  is  in  such  cases  due  to 
the  fact  that  the  bile  after  secretion  by  the  hepatic  cells  is  reab- 
sorbed from  the  bile  ducts,  sec  §  217.  But  in  certain  cases 
where  jaundice  is  a  prominent  symptom,  no  evidence  of  any 
obsmiction  whatever  to  the  flow  of  bile  can  be  obtained.  This 
is  the  ca.4e  in  the  jaundice  of  yellow  fever  and  of  a  |>eculiar 
allied  malaily  known  as  'ncule  yellow  atrophy  of  the  liver.' 
Kow  in  these  ca-tes  there  is  no  evidence  of  an  accumulation  in 
the  blood  or  elsewhere  of  hile  acids  though  there  is  of  bile  picp- 
mest.  And  in  the  obscure  malady  known  as  simple  or  idiopathic 
jaundice,  in  which  though  the  anatomical  conditions  ait-  unknown 
there  is  at  least  no  nign  of  obstruolion,  the  urine  though  loaded 
with  bile  piginent  is  said  to  contain  no  hile  acids. 

§  379.  The  question  may  be  asked.  Is  the  secretion  of  bile 
independent  of  or  in  some  wa>-  or  other  connected  with  the 
glycogenic  activity  of  the  celU?     To  this  we  cannot  at  present 
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give  a  definite  mnswer.  In  gome  of  the  invertebrata  the  cells  in 
tlie  organ,  called  a  liver,  which  manufactare  glycogen,  are  dis* 
tinct  from  those  which  aecrete  bile  or  other  d^estive  JQioesii 
and  it  miL'ht  be  inferred  thai  in  the  vertebrate  the  two  actioiu ' 
thoagb  tailing  pUce,  as  ther  certainly  do,  in  the  suae  cell,  take 
place  apart  awl  distinct.  Tbcn:  arc  facte  which  seem  to  indicate 
that  the  two  are  intimately  connected ;  but  we  have  as  yet  Do 
exact  knowledge  conccniiitg  the  matter.  It  has  been  urged 
that  tiie  {Mirtal  blood  1^  chietiy  concerned  with  the  formation  of 
glyct^n,  and  the  blood  of  the  hepatic  artery  with  the  secretion 
of  bile,  but  there  is  no  adequate  support  of  this  view.  It  must 
be  remembered  moreover  that,  in  aadition  to  the  formation  of 
glycogen  and  the  secretion  of  btle,  other  ntetabolic  cvcnte,  espe- 
cially affecting  protvid  or  at  least  nitrogenous  ooiulituenta  of 
the  body,  are  also  taking  place ;  and  to  these  we  must  now  turn. 


SEC.    4.     ON    UREA    AND    ON    NITROGENOUS  METABO- 
L1S.M   IN   GENERAL. 


§  380.  We  huLVu  soen  that  uilrogvnoiut  prutctd  mutcriiU  in 
MUM)  furm  or  utlier  eiit«i'»  into  the  coiniiOMition  of  nil  the  tisiiuus 
of  the  body,  and  we  have  further  seen  tliiit  it  is  so  coiiitpicitotuily 
und  constantly  present  wherever  living  suhittanceA  are  manifest- 
ing vit»l  energien  aa  to  Justify  the  conclusion  that  the  changes 
which  it  undergoes  are  in  some  way  essential  to  the  manifesta- 
tion of  those  ciierfjics.  Wo  have  seen,  it  is  true,  reason  to  think 
that  in  some  tissues  at  leiuit,  in  iiiunolv  fur  instance,  a  larg«  part 
of  the  energy  bcI  free  during  activity  preexisted  as  lat«nt  energy 
and  had  its  immcdiiite  source  not  in  pruteid  (nitrogenous)  hut  in 
some  other  constituents  of  muscle  ;  and  indeed,  jw  we  shall  see 
later  on,  the  greater  part  of  tlte  whole  energy  of  the  body  iitunt 
he  regarded  as  the  energy  of  carbon  compounds  and  not  of 
nitrogen  compounds ;  but  this  is  quite  consistent  with  the  viev 
that  prot«id  material  in  some  way  or  other  essttutiatly  intervenes 
in,  wc  may  perhaps  go  so  far  as  to  say  directs,  the  changes  by 
which  in  the  body  energy  is  set  free  Ln  the  peculiar  way  whicn 
we  sjiciik  of  as  living. 

\Ve  have  seen  that  at  all  events  the  greater  part  of  tJie  pro- 
t«id  material  of  the  food  enters  the  blood  as  proteid  material 
either  aa  peptone  or  in  some  other  form,  and  is  carried  as  proteid 
material  to  the  tissues. 

We  have  seen  that  the  nitrogen  of  proteid  material  leaves 
the  body  so  largely  in  the  form  of  urea,  that  the  other  nitro- 
genous excretions  may  for  the  tiuie  be  left  out  of  consideration. 

And  lastly  we  have  seen  rea.snn  to  think  that  this  urea  which 
leaves  the  body  in  urine  is  brought  to  the  kidneys  as  urea  in 
the  blood,  the  kidneya  themselveit  apparentlv  having  no  special 
power  of  forming  urea  out  of  something  which  is  not  urea,  but 
only  contributing  to  the  general  stock  of  urea  by  virtue  of  their 
own  proteid  tucialxilism.  We  have  now  to  study  the  little  wd 
know  concerning  the  steps  by  which  the  proteid  material  of  tho 
food  and  of  the  body  is  converted  into  this  urea  of  the  blood 
which  is  the  source  of  the  urea  of  the  urine. 
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§  381.  In  the  first  place  wc  may  take  it  for  ffrantvd  that 
the  uruu  <.-arricd  to  the  kidney  iii  the  blood  hud  ati  iviitucudcnt 
in  something  which  was  not  iirea.  We  cau  hardly  siippoiiu  thut 
the  proteiil  roii«tit«ent  of  living  siilwl«rii'i!,  whi;u  iu  th«  course 
of  its  nictaholisni  it  cuasea  to  he  pnit«id,  liruaks  up  at  once  into 
urea  and  into  itou-iiitrogeiioiis  hodien.  All  xve  have  learnt  gotiit 
til  uliow  that  what  we  call  nietaholituii  is  not  a  single  abrupt 
change,  hut  consists  essentially  in  a  series  of  changes  ;  and  wd 
may  safely  conclude  that  prot«id  material  in  becoming  urea 
passes  through  phases  in  which  the  nitrogen  oxists  in  i-heniical 
oombinations  distinct  from  pioleid  inut«rial  on  the  ouu  liaud  and 
urea  on  the  other. 

In  Uic  second  place  it  is  extremely  probable  that  the  series 
of  changes  by  which  proteid  material  becomes  urea  is  not  the 
same  in  all  the  tissues  and  on  all  occasions.  We  should  natu- 
rally  expect  to  find  the  proteid  material  following  different  lines 
of  metabolism  in  different  places  or  under  different  circum- 
stances, the  different  lines  all  converging  to  ihc  same  body  urea, 
because  for  some  rca^tiins  nr  other  urea  appears  to  lie,  in  the 
main,  tlie  nuwl  convenient  form  in  which  llie  nitrogen  cau  leave 
the  hliiml  aiwi  the  body. 

We  should  accordingly  expect  to  find,  on  the  one  hand, 
various  nitrogenous  bodies  resulting  from  proteid  metabolism 
in  various  parts  of  the  body,  and,  on  the  other  hand,  arrange- 
ments by  means  of  which  these  various  bodies  were  reduced  to 
the  common  fonn  urea,  preparatory  to  their  discharge  from  the 
body  by  the  kiiliiey.  And  actual  ob«ervution  as  far  as  it  goes 
supports  tliis  view,  though  oiir  knowledge  of  the  whole  matt«r  itj 
very  imperfect. 

§  382.     We  may  turn  our  attention  first  to  the  metabolism  of 
the  skeletal  muscles,  since  these  represent,  as  far  as  mere  quaii'r  i 
tity  is  concerned,  by  far  the  greater  ])art  of  the  proteid  capital' 
of  the  body,     Wc  may  safely  infer  that  llicy  furnish  a  large  part 
of  the  urea  of  the  urine  ;  thougli  undoubtedly  a  small  mass  of 
tiKsue  might  by  reason  of  its  more  rapiil  metabolism  work  over 
a  greater  quantity  of  prott^id  material  tlian  a  much  larger  mass, 
with  a  slower  metabolism ;  vet  we  have  no  reason  to  think  thaH 
the  proteid  metabolism  of  skeletal  muscle,  obscure  though  it  is 
in  its  nature,  is  so  slow  as  to  neutralize  the  probable  effect  of  th« 
groat  biilk  of  muscle  existing  in  the  body. 

In  dealing  with  the  chemistry  of  muscle  (§  59)  we  saw  that 
urea  wiw  eonspicuovis  by  its  absence  from  the  extriict  of  muscle, 
whereas  a  very  appreciable  quantity  of  kreatin  was  invitriably 
present,  and  indeed  was  the  prominent  nitrogenous  crystalline 
constituent  of  that  extract.  It  seems  difficult  to  resist  the  con* 
clution  that  kreatin  is  the  main  normal  nitrogenous  proiluct  of 
the  metabolism  of  skeletal  miLtnles,  If  we  accejit  this  view,  then 
upou  the  fact  of  the  presence  of  kreatin  in,  and  the  absence  of 
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area  from,  the  mUHcle  itself,  we  niny  base  the  coucliuion  Uut 
while  the  muHcle  produces  kreatiii  n-t  an  antecedent  of  uren,  th« 
kreatin  so  produced  is  converted  into  urea  in  .tome  part  of  the 
hody  other  than  tlie  muscle  itoelf .  Kreatin  aa  we  have  already 
aeen  may  bo  cosily  split  uji,  and  wc  may  probably  with  safety 
aasumo  is  split  up  aomewhvru  iu  the  body,  into  urea  and  aarcosin. 
But  surcoBtn  doi-s  not  nppoar  in  the  urine  us  such ;  hence  the  con- 
wniiou  of  kreutin  into  (part  of)  the  ur«u  of  Ihi  urine  entails  as 
well  tlie  further  convermnn  of  sareosin  into  urea.  Now  sarcosin 
lis  we  have  aeen  ia  methyl -gl)'cin  ;  we  may  reganl  it  for  our 
prettent  purposea  a^  aimple  (flycin.  and  hence  the  total  convef' 
won  of  kreatin  into  urea  entails  the  conversion  of  glycin  into 
urea.  This  however  docs  uot  offer  any  additional  difficulty, 
KJtee  wo  know  from  direet  observation  that  glycin  introduced 
into  tho  alimentary  canal  Auim  not  rvap[K'ar  eu  such  iu  the  urine 
but  produces  a  corrortpondin;;  inorvtMV  in  thi^  urea  of  the  urine  ; 
from  which  we  inf«r  that  glycin  alisorhtid  from  the  alimentary 
vftjial  is  anmewhere  in  the  liody  converted  into  urea.  We  ithal] 
apeak  of  thia  convention  later  on,  and  shall  then  see  that,  no  far 
aa  urea  ia  concerned,  sly^^in  (amido-acetic  acid)  and  Rarcosin 
(methyl-glycin,  inetbj-l-anudo-acetic  acid)  undergo  the  aaino 
change,  the  amide  moiety  in  each  caao  being  converted  into 
urva,  while  the  uon-iiitrogcnous  muiety  is  oxidizud  and  thrown 
off.  Mi-nnwhile  we  may  state  the  conclusion  at  wliich  we  have 
provisionally  arrived,  namely  that  the  nitrogenous  metabolism 
of  musfle  prohnibly  gives  rise  to  kreatin,  which  ia  some  part  of 
the  body  other  than  muscle  ia  probably  split  up  into  urea,  ready 
for  excretion,  and  into  aarcosin  which  also,  somewhere  in  the 
botly,  ia  further  converted  into  uroB.  And  bearing  in  mind  the 
large  mass  of  the  skeletal  muscles,  wc  may  further  conclude  that 
a  large  i>ortion  of  the  urea  leaving  the  body  by  the  urine  is 
foniieil  in  this  way. 

§  383.  Wc  must  not  however  leave  this  statement  without 
referring  to  «  difJicuUy.  Krealinin  aa  we  have  seen  is  so  fre- 
quently found  in  urine  aa  to  be  regarded  as  a  normal  constit- 
uent, at  all  events  of  human  urine  :  and  kreatinin  is  as  we  have 
mxn  the  urinary  form  so  to  speak  of  kreatin  ;  the  one  body 
easily  changes  into  the  other  by  the  assumption  or  removal  of 
l[,0.  This  suggest;^  the  question.  Is  not  the  kreatinin  of  urine 
the  repT«seiit;ilivu  of  the  kreatin  of  the  niut«clc«,  which  is  thus 
excreted  dii'ectly  without  undergoing  the  change  into  urea  just 
discussed?  In  answer  to  tliis  we  may  sav  in  the  first  place  that 
the  quiuitity  of  kreatinin  in  urine,  though  variable,  is  small ;  wo 
nuiy  i)ut  the  average  at  about  1  grni,  in  24  hours.  Now  muscle 
contains  frttm  -2  to  -4  p.p.  of  kreatin  ;  and  this,  taking  the  total 
muitcle  of  the  body  (t<>  xuy  nothing  of  other  eources  of  kreatin 
which  w  shall  nionliou  prei*ently)  at  about  30  kilos  would  give 
60  to  l-'C  grma.  kreatin  tin  jireeent  in  the  muscles  of  the  body  at 
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any  one  inomeiit.  We  cai]  liardly  suppnae  that  the  metHbolimi 
of  muHole  is  no  slow  as  out  of  this  stock  only  to  provide  the  1 
grill,  nf  kreatinin  in  24  hours.  Moreover  the  kreatiiiin  in  urine 
vanisties  during  starvation,  is  vt- ry  markedly  incrciuiod  by  a  diet 
of  Hesh  which  cuiitains  krcatin,  and  is  not  iniTL'^iuicd  cither  by 
musciular  exeruisu  (wliiuli  howi;ver  would  oidy  Indirectly  aff<?ct 
the  iiitrogcnoUH  nielubolism  of  muisole)  or  by  «uch  uonditions, 
fever  for  iustiinct*,  as  notably  ini;reiuie  the  urea  of  urine  by  in- 
creasing the  iiitrogenona  metabolism  of  muscle.  We  infer  there- 
fore that  the  normal  presence  of  kreatinin  in  urine  is  due  to  the 
direct  administration  of  krcaliu  [)ri;scnt  in  a  (normal)  flesh  diet 
and  hiw  nothing;  to  do  with  the  muscular  metabolism  of  the 
individual  who  is  sccrutin-f  the  kriMitinin  in  his  urine. 

The  fact  however  tliat  the  kreatin  present  in  the  musclo  of 
the  food  and  ubsorbud  from  the  alimentary  uiiual  dues  not 
undergo  a  charifre  into  ui-ea  but  is  excrated  as  kreatinin,  that 
is  virtually  as  krentin,  warns  ua  to  be  careful  in  adopting  the 
conclusion  arrived  at  above  that  the  kreatin  produced  by  mus- 
cular metabolism  in  the  living  body  is  a  conspicuous  antecedent 
of  tlie  urea  of  the  urine.  It  is  ditlicnlt  to  see  why  kreatin  pass- 
ing into  the  blood  of  the  capillaries  of  ths  muscle  should  be 
changed  into  urea  while  that  which  pusses  into  the  capillaries 
of  the  portal  system  is  not;  for  reasons  which  will  be  ajiparont 
presently  we  should  rather  expect  Uiat  the  lattvr  being  more 
directly  exposed  to  the  intluence  of  the  liver  would  be  more 
readily  and  more  completely  converted  than  the  former.  In- 
deed the  question  forces  itself  upon  us.  Is  kreatin  after  all  the 
natural  main  product  of  the  nitrogenous  metabolism  of  mu.<icle  ? 
Is  it  possible  that  in  the  normal  motaboUsm  of  the  living  mua- 
clo  the  nitrugvn  leaves  the  inusvular  substaucti  and  passes  into 
tho  blood  in  another  form,  us  suinu  sidjstancu  not  kreatin,  and 
that  it  is  iLs  the  muscle  dies  that  kreatin  is  formed,  just  as  the 
solid  myosin  is  unknown  to  the  living  ftbru  hut  mokes  it«  ap- 
pearance in  a  <lying  one?  Wo  have  no  positive  evidence  how- 
ever that  this  is  so,  and  meanwhile  may  continue  to  suppose 
that  kreatin  is  formed,  and  that  in  consequence  kreatin  is  a  con* 
apicnous  antecedent  of  the  urea  of  the  urine :  but  we  must  not 
regard  this  as  proved. 

^  384.  Our  knowledge  of  the  metabolism  of  the  nervous 
tissues  is,  H8  we  have  seen,  very  imperfect  (§  67),  but  the  pres- 
ence of  kreatin  in  the  centr.'il  nervous  system  leads  us  to  infer 
that  the  nitrogenous  metabolism  of  the  living  substance  of  ner>'e 
cells  and  of  the  axis  cylinder  of  nerve  fibres,  is  in  its  broad 
features  identical  with  that  of  muscle  substance.  The  m^s 
however  of  the  nerve  cells  and  axis  cylinders  of  the  l>ody.  all 
put  together,  is  small  compared  with  the  mass  of  skeletal  mus- 
cle ;  moreover,  the  energy  set  free  by  the  metabolism  of  a  mass 
of  oervous  matter  though  '-higher'  in  quality  is  less  in  quunti^ 
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than  that  act  free  by  the  mctaholism  of  an  equal  mass  of  muaclfi, 
or  in  other  wurtls  it«  mi-talioliKin  is  \iyss  nipul.  IU-ucl'  we  may 
probiibiy  couBider  llic  iiuTtiibi.'lism  of  thv  nt-rvouB  BjBtum  us  a 
mere  HiliUtioii  lo  llial  of  the  iiiiiMCiiliir  i*yslfrii,  iit  Ifusl  m»  rejjani* 
th«  point  on  which  we  are  now  ilwelling.  The  uniount  of  nitru- 
c«noii3  nietaholism  taking  place  in  cnnnective  tisi^ne,  cartilage, 
bone,  and  the  akin  in  probably  still  less,  and  for  our  present  pur- 
poses needs  no  Kj>ecial  diacuHsion. 

§  385.  Till'  nitro^cnotiH  metabolism  of  the  glands  however, 
more  particularly  tliat  of  the  liver,  does  deserve  special  con- 
sideration ;  unit  we  may  at  once  turn  to  a  iguilc  tlilTcrenl  aspect 
of  the  question  in  hand. 

Wheu  the  rate  of  discharge  of  urea  from  tlie  body  ia  observed 
during  a  period  of  some  length,  especially  under  varied  circum- 
stancf-s,  tne  direct  effect  of  nitrogenous  food  becomes  mo«t 
striking.  We  have  already  said^  and  shall  again  return  to  the 
jKiint.  that  miiacular  contraction  does  not  directly  increase  the 
output  of  urea  ;  the  discharge  of  urea  for  instance  is  not  neces- 
sarily  increased  by  even  great  bodily  labour.  The  introduction 
however  of  even  a  small  quantity  of  prutcid  material  into  ilio  ali- 
mcQtary  canal  at  once  increases  the  urea  of  the  urine;  and  in 
the  curve  of  the  discharge  of  urea  in  the  twenty-four  hours  ench 
meal  is  followed  by  a  coiispicruou.s  rise.  The  absorption  of  pro- 
tei<l  material  from  the  alimentary  canal  is  followed  by  an  inime- 
tiiate  proportionate  increase  in  the  quantity  of  urea  which  is 
aecreted  by  the  kidneya,  and  that  as  we  have  seen  mean»  an 
increase  in  the  urea  brought  to  the  kidney  by  the  renal  artery. 
What  is  the  origin  of  this  additional  urea? 

Two  views  present  themselves.  On  the  one  hand  since  some 
portion  of  the  prottrid  material  of  every  meal,  at  all  event*  of 
every  necewiary  meal,  goes  to  repair  the  proleid  wasU?  continu- 
ally going  on  in  the  parts  of  the  body  where  proteid  melaholism 
i»  taking  place,  we  may  supnoiie  that  the  presence  of  an  extra 

?[uantity  of  proteid  material  thrown  upon  the  blood  from  the 
ood  acts  as  a  stimulus  to  the  tissues,  to  the  muscles  for  instance 
as  well  as  others,  stirs  them  up  to  increaseil  nitrogenous  metabo- 
lism and  thus  produces  an  increiuic  of  cncrgj*.  cliielly  if  not 
exclusively  In  the  form  of  heat,  accompanied  by  nu  iiicrejLse  of 
the  auteccdents  of  urea  and  so  of  urcji.  lu  oilier  words  the 
increase  of  urea  in  question  is  the  result  of  an  increa-ie  in  the 
general  nitrogenous  metabolism  of  the  body. 

On  the  other  hand  we  may  suppose  that  in  order  to  prevent 
the  whole  bodv  being  encumbere(l  with  it.  this  excess  of  proteid 
food  material  is.  in  some  special  part  of  the  body,  split  up  into 
a  nitrogenous  and  a  non-nitrogenous  moiety,  and  that,  while  ihc 
latter  is  stonxi  up  as  fat  or  glycogen,  the  former  is  at  once  coti- 
verted  into  urea  and  got  rid  of.  We  have  already  (§  210)  seen 
lliat  a  atep  in  this  direction  may  take  place  while  the  food  is  as 
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yet  in  the  a]im«iitary  canal ;  we  bave  men  that  [latioreatic  juice 
nuiy  carry  part  of  the  proteida  on  which  it  act»  beyond  iho  stage 
of  albiimcKie  and  peptone,  and  reduce  that  part  into  lonciu,  tyro- 
sin,  and  other  bodiua.  We  do  not  know,  as  we  have  already 
said,  to  what  extont  this  more  profound  digc^tioa  by  pancreatic 
juice  does  actually  Uiko  pliicu  in  the  living  body ;  it  may  under 
uert^kin  circumstanci^s  t;ike  place  tr>  a  vrry  slif^ht  extent  »ni 
uudur  others  to  a  cunsiderable  extent.  But  in  any  case  it  illu»-' 
trates  the  way  in  which  a  somewhat  xiniilar  dittniption  of  prot«id 
material,  a  disruption  which  may  be  broadly  described  as  a  split- 
ting up  of  the  proteid  into  a  nitrogenous  and  a  non-nilro([i-noiia 
uirtiety,  may  take  jilaco  aotuowliory  in  the  body  and  so  lead 
the  sudden  formation  of  some  Hiitvccduut  of  urea.  The  anta> 
cddent  may  bu  li;ucin  or  may  bo  some  other  body  or  bodies. 

In  support  of  this  view  may  be  nrj^ed  tiiu  fact  that  such 
bodies  as  Icucin,  glycin,  asparagin  and  many  others  when  intro- 
duced into  the  alimentary  canal  are  transfnrmeil  into  urva. 
When  these  bodies  are  administered  in  not  too  great  <pi»ntilius 
tiiey  do  not  reappear  in  the  urine  but  the  urea  is  proportion- 
ately in creased . 

^  388.  Wc  have  seen  reason  to  think  that  protpida  of  a 
meal  arc  absorbed  not  by  the  laal«als  but  by  tlie  portal  blood 
vessels,  and  such  bodies  as  leiiein  probably  take  the  same  course. 
This  lnjiu<i  so,  all  these  bodies  piws  through  the  liver  and 
subjected  to  siicb  influences  as  may  he  exerted  by  the  )iepatic_ 
oells.  Now  we  have  no  positive  evidence  that  the  livisr  does  or 
can  exert  such  an  ai?tion  on  proteid  material  itself  as  to  ^pft- 
rate  a  relatively  simple  nitrogen  compound  from  the  remaining- 
constituents,  leaving  these  to  form  a  body  rich  in  carbon;  wo 
have  no  positive  proof  tb;it  tiic  increase  of  proteid  metabolism 
Ju^t  spoken  of  as  leading  to  an  increase  of  urea  takes  place  in 
the  liver  rather  than  In  the  tissues  at  large;  wc  may  perhaps 
suspect  that  it  is  so  hut  we  have  no  convincing  demonslnition. 
We  have  however  a  convergence  of  evidence  that  the  Inst  stage 
of  the  process,  namely  the  conversion  into  urea  of  some  or  other 
product  of  proteid  metabolism  which  though  allied  to  is  nu 
exactly  urea  docs  occur  in  the  liver.  In  the  first  place,  a  Iarg_ 
c[uantity  of  urea  seems  to  be  present  in  the  liver  of  mammals; 
in  tliis  respect  the  liver  presents  a  strong  contrast  to  the  mutt- 
clcs;  in  the  liver  of  blnU  the  urea  is  represented  by  urateaai 
In  the  second  place,  in  certain  ca.se8  of  a  form  of  disease  of  the 
liver  known  as  acute  yellow  atrophy  in  which  the  hepatic  cvlbi 
are  so  changed  that  their  functional  activity  is  largely  dimin- 
ished, the  urea  of  the  urine  not  only  undergoes  a  very  marked 
decrease  but  appears  to  be  replaced  to  a  very  large  extent  by 
leucin.  This  fact  suggests  that  leuein  fand  not  for  instam.'d 
krcutin)  is  the  chief  imm<.n1Iate  product  of  the  oitrogenous 
metabolism  of  ihe  liody,  and  that  the  Icucin  thus  produced  is 
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in  a  nonnal  state  of  thin^  converted  into  urea  by  tie  liver. 
And  in  tlii.i  connection  it  may  be  remarki-il  that  not  only  is  leu- 
cia  found  in  nearly  all  the  tissuctt  ufU;r  dvath,  especiallv  in  the 
glandular  tiflsues,  but  also  appears  witli  striking  readincHs  in 
almoHt  all  dvcom positions  of  proteids,  and  is  mori-ovvr  a  product 
of  decomposition  of  gelatiniferons  siibittanccs.  Without  going 
however  HO  far  as  to  conclude  that  leucin  is  the  chief  antecedent 
of  urea,  we  may  take  the  above  obaervation  a.i  indicating  that 
the  nonnal  liver  haa,  in  some  way  or  other,  the  power  of  oon- 
vertip)f  leucin  into  urea.  If  this  be  so  then  we  may  also  vent- 
ure to  suppose  that  when  such  IkxHcs  as  leucin.  (flycin,  &c., 
introduced  into  the  aHinontary  canal  appear  in  the  urine  as 
urea  the  truusformation  hn»  t^iken  place  in  the  liver.  The  body 
tynxun  which  so  oft«n  accompanies  leucin,  belonging  as  it  does 
to  the  aromatic  series,  stands  on  a  different  footing  from  leucin 
luid  the  like. 

§  387.  The  transformation  however  of  leucin  into  urea  raises 
a  new  point  of  view.  Leucin,  as  wo  know,  is  amido-caproic 
acid;  and.  with  our  present  elicmieal  knowledge,  wc  can  con- 
ceive  of  no  other  way  in  which  leucin  can  be  converted  into 
urea  than  by  the  complete  reduction  of  the  former  to  the  am- 
monia condition  (the  caproic  acid  residue  being  either  elabu- 
mled  into  a  fat  or  oxidized  into  carbonic  acid)  and  by  a 
reconstruction  of  the  latter  out  of  the  ammonia  so  formed. 
We  have  a  somewhat  parallel  case  in  glycin,  which  is  amido- 
acetic  acid;  here  too  a  riM.-onstruction  of  urea  out  of  an  am- 
monia phase  must  take  place.  Moreover  when  ammonium 
chloride  is  given  to  a  dog  a  very  large  portion  rcappoars  as 
urea,  i.e.  there  is  an  increase  in  the  urea  of  the  unnu  corre- 
sponding to  a  large  portion  of  the  nitrogen  contained  in  the 
anmioiiivini  chloride.  And  in  the  case  of  other  animals  also, 
indeed  of  man  himself,  there  is  evidence  that  somewhere  in  the 
body  ammonia  may  he  converted  into  urea.  Hence  in  al!  these 
cases  where  ammonia  or  ammonia  compounds  are  changed  into 
urea  the  last  step  at  all  events  is  one  of  synthesis:  and  this 
snggMte  the  possibility  that  in  the  orduiury  proteid  metabolism 
also,  the  downward  kat4tbolic  series  of  changctt  may  finish  off 
with  a  syntlietic  effort,  the  last  stage  of  (lie  former  being  the 
appearance  of  an  ammonia  compound  which  is  subt<«quently 
reconstructed  into  urea. 

This  synthesis,  like  the  tranaformation  of  leucin  and  other 
bodies,  probably  takes  place  In  tbe  liver;  and  in  support  of 
this  view  wc  have  a  certain  amount  of  experimental  evidence. 
Birds  may  be  kept  alive  after  total  extirpation  of  the  liver  for 
a  longer  time  than  con  mamnuils:  and  when  iu  geese  the  liver 
is  removeil  the  uric  aeid  (representing  in  these  animaU  t)»e  urea 
of  the  mammal)  is  largely  decreased,  while  the  ammonia  of  the 
urine  is  largely  increased.     After  the  removal  of  the  liver  also. 
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leacin,  j^lycui,  and  other  amides  or  amido-acids  adminiMei 
by  the  alimuutuiy  vtmal  no  loii^ur  iiieruiute  tliv  uric  ucid  of 
uriuL-,  lut  tliuy  do  iii  tlie  int»ct  aiiirnitl.  In  th^u  Hiiinuils,  the 
synthe-tis  of  iimnioniii  vompoiindft  inta  uric  iuid,  vrhiob  is  par- 
allel to  tilt!  i«yntheiii8  into  urea  occurring  in  the  raamRial,  scents 
to  take  place  in  the  liver,  and  we  may  infer  is  iu  some  waj  ur 
other  effected  by  the  licpatic  cells. 

As  to  the  exact  way  in  which  ammonia  either  as  snoh  or  in 
form  uf  an  amide  or  uiuidu-ucid  olian^s  into  urea  we  have  no 
cvrtniu  knuwlud-^e.  Ammuuium  earhonate,  wo  know,  is  readily  i 
formt-d  out  of  urea  by  simple  liydralioii,  and  wv  maj*  imagine' 
tiuit  the  living  organism  can  carry  out  the  rt?vei-se  process  and 
dehydrate  ammonium  carbonate  into  urea.  There  is,  however, 
a  certain  amount  of  evidence  that  not  ammonium  carbonate  but 
ammonium  carbamate  ia  the  immediate  antecedent  of  urea ;  and 
indeed,  out  of  the  body,  by  Klectrolyzinji  a  solution  of  ammo- 
ttitun  carbamate  with  alternating  currents,  a  ccrtaiti  amount  of 
urea  may  be  artitiuiiitly  jiroduued.  Bui  this  is  a  matter  too 
obscure  t-o  be  discussed  here. 

§  3SB.  Urie  Acid.  'I'hiit.  like  urea,  is  a  normal  constituent 
of  human  mine,  and,  like  urea,  \ia»  beoa  found  in  the  blood, 
in  the  liver  and  in  the  »pleen;  it  ia  a  conspicuous  constituent, 
of  an  extract  of  the  latter  organ.  In  various  diseases  the  quan- 
tity' in  the  urine  is  increased  ;  and  at  timijs,  as  in  gout,  uric 
acid  acciunulates  iu  the  bloud,  and  a  deposit  of  urates  takes 
place  in  the  tissues.  In  some  animals,  such  as  birds  an<l  most 
reptiles,  urie  acid  takes  the  place  of  urea.  Since  by  oxidation 
a  molecule  of  uric  aci<l  can  be  split  up  into  two  molecules  of 
urea,  and  a  molecule  of  some  carbon  acid,  uric  acid  i.t  com- 
monly spoken  of  as  a  less  oxidized  product  of  proteid  melalKi- 
lism  than  urea.  But  there  ia  no  evidence  whatever  to  shew 
that  the  former  is  a  necessary  antecedent  of  the  latter ;  on  the 
contrary,  all  the  faut«  known  go  bo  shew  that  the  appearance 
of  urie  acid  is  the  result  of  a,  metabolism  slightly  diverging 
from  that  leading  to  urea ;  indeed  it  is  probivble  that  the 
divergence  occurs  towards  the  end  of  the  series  of  changes,  for 
urea  given  by  the  mouth  to  birds  appears  in  the  urine  as  uric 
acid,  and,  conversely,  uric  acid  given  to  mammals  appears  in 
the  urine  as  urea.  We  have  no  evidence  to  prove  that  the 
cause  of  the  divergence  lies  in  an  insutbcicut  supply  of  oxygen 
to  the  organism  at  large ;  on  the  contrary,  uric  aeid  occurs  in 
the  rapidly  breatliing  binls  as  well  as  in  Die  more  torpid  rep- 
tileo.  Nor  can  the  fact  that  in  the  frog  again  urea  replaces 
urio  acid  be  explained  hy  reference  to  that  animal  having  eo 
large  a  cutaneous  in  addition  to  its  pulmonary  respiration. 
The  final  causes  of  the  divergence  are  to  bo  sought  rather  in 
the  fact  that  urea  is  the  form  adapted  to  a  fluid,  and  uric  acid 
to  a  more  scdid  excrement.     Mor  is  there  iu  man  or  the  mam- 
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mal  any  iwtUf&ctory  physiolo^cal  or  cUoical  evidence  that  an 
increase  of  uric  aeiil  in  the  result  of  deficient  oxiduttou.  The 
abtolute  amount  ni  iirir  ncid  discharged  by  innn  and  its  pro- 
portiuii  to  the  urea  piuifted  at  the  Haine  time  varies  a  good  denl. 
There  is  no  pasitive  evidence  that  the  quantity  excreted  is 
necessarily  increased  by  nitrof^cnous  diet,  unless  some  duiorder 
BUjienencs  \  indeed  it  m  asserted  that  both  absolutely  and  rela- 
tively to  the  urea  the  quantity  excreted  is  ^i-^ter  upon  a  mixed 
diet  than  upon  a  highly  proteid  one.  Alkalis  in  the  food  seem 
tindoubtedly  to  diminish  it,  and  alcohol,  at  least  in  vxcv^,  to 
increase  it. 

So  far  from  considering  uric  acid  as  a  less  oxidized  anteoo- 
dent  of  urea  we  ought  jierhaps  rather  to  regard  its  appeamuM 
a»  a  result  of  a  synthesis  in  which  nrea  or  some  allied  body 
takes  part.  As  we  have  said  uric  acid  may  be  formed  syn* 
thetically  by  heating;  together  urcu  and  glycin ;  and  it  lias 
more  recently  been  sitnilurly  pn-pared  from  various  allied 
bodtea.  As  to  where  or  how  such  a  i<ynthesis  is  effeeted  in  the 
living  body,  we  know  little  or  nothing  for  certain,  and  can  only 
make  conjectures.  The  constant  presence  of  nrtc  acid  in  the 
■pleen  however,  and  the  frequently  noted  connection  between 
a  rise  and  fall  of  uric  acid  in  the  urine  and  variations  in  the 
volume  and  therefore  presumably  in  the  activity  of  the  spleen, 
suggest  that  the  change  may  be  brought  about  in  this  organ  ; 
but  it  must  be  rcmemberud  that  in  birds  and  reptiles  the  for- 
mation of  uric  aeid  seems  to  be  effected  in  the  same  organs  as 
that  of  urea  and  in  an  analogous  miuiner;  and  the  argutnent« 
which  we  have  used  concerning  the  formation  of  urea  in  the 
liver  of  mammals  may  lie  applied  to  the  formation  of  urii^  aeid 
in  tha  livers  of  birds  and  reptiles.  It  is  more  probable  tliare- 
tope  that  in  the  mammal  the  turn  to  uric  acid  mther  than  urea 
is  given  in  the  liver,  the  spleen  however  jrassibly  playing  ita 
prnrt  also  in  the  matter. 

§  389.  Of  the  meaning  of  the  appcnnince  in  the  tissues  of 
such  bodies  as  xauthin,  hypoxanthiu.  guanin  and  the  like,  and 
of  the  exact  nature  of  the  metabolism  which  gives  rise  to  them 
or  which  they  themselves  mtdergit.  we  know  little  or  nothing. 
The  presence  of  these  sevenil  bodies  may  l>e  taken  as  illustrat- 
ing the  complex  and  varied  nature  of  proteid  motaljolism  to 
which  we  referred  above.  Ureji  is  the  chief  end-product  of 
proteid  metabolism,  but  that  end  is  probably  reached  in  suveral 
ways ;  so  that  probably  a  very  large  number  of  nitn^genuus 
cliemii'al  sulishinc<-s  make  a  momentary  appearance  in  (be  body. 
SnniR  of  thi-j4e  fail  to  )>ecouie  urea,  and  either  without  or  after 
further  change  make  thuir  upjx-arance  in  the  urine.  Hut  we  do 
not  know  whether  their  apjieanince  is  accidental,  the  result  of 
imperfect  ehemical  machinery  ;  or  whether  they,  though  smidl 
in  quJUttit}'.  serve  some  special  ends  in  the  economy.     Perhaps 
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somctimQS  or  witli  some  of  them  it  U  tlte  one  case,  at  otlier 
tjmvs  or  with  olhurx  it  is  thv  other  cast.: 

When  [irotviil  maU-nHl  iiiidrrgowf  cnitsifJe  the  bodr.  either 
by  the  itclimi  of  trvjisin  or  as  thv  result  of  decomposition  or 
under  the  iiitlueRce  of  chemical  agents,  that  change  by  which 
it  is  converted  into  leucin,  the  leocin,  which  appears  in  Mine 
considerable  quantities,  is  accompanied  by  t>'r(win.  which  ap< 
pears  in  smaller  quantities,  as  well  as  by  otlier  bodi««.  Tfie 
almost  constant  aptMMiratKro  of  tyrosiu  as  a  rrault  of  the  deccHn> 
position  of  ]}rotcia  inutcrial  leads  on*',  as  wc  havp  prenoosly 
iiaid,  to  thv  com-vplioii  that  some  npresentativc  of  tlte  arcnnatac 
aeries  enters  into  th«  cniistitnlion  of  proteid  substance  ;  and  it 
ig  po«nible  tjtnl  the  hippnric  acid  of  fleKh-«atiug  animals  derires 
its  benzoic  acid  constituent  from  ibis  aromatic  radicle  of  pn>- 
teid  matter.  Tyroftin  it^fclf  does  not  appear  in  the  body  as  a 
iKHmal  product  of  protcid  metabolism,  and  we  are  therefore 
led  to  infer  tluit  in  prot«id  metabolism  the  aromatic  radicle 
takes  on  some  other  form.  Wh«th«r  as  in  tyrostn  tlie  aromatic 
(phenyl)  nucleus  is  iuwociat«d  with  an  ammoniit  reprMcntatire 
or  no,  we  do  not  know.  But  if  it  is  then,  since  neither  tyitjsin 
nor  any  similar  body  is  a  conatiment  of  normal  urine,  the 
ammoQia  constituent  is  somewhere  dissociated  from  the  |>heayl 
one  ;  and  while  the  foruicr  contributes  to  the  stock  of  nre&,  the 
latter  is  cither  discharged  by  the  urine  as  hij^mric  acid,  bavine 
as  WD  have  seen  effected  in  tltc  kidney  a  new  association  with 
the  ammonia  representative  glyetn,  or  leaves  the  body  as  ooe 
or  otiter  of  the  urinary  phenyl  compounds,  or  possibly  may  be 
oxidized  aomewbere  into  I'^rbonic  acid  and  water.  Our  knowl- 
edge on  this  j)oint  Ls  limited,  but  we  ba^~e  ventured  to  icfer  to 
the  point  since  it  further  illustrates  the  complexity'  oC  pVOteid 
metabolism. 

§  39a  In  speaking  of  urea  (§  3*21)  we  alluded  to  its  rela- 
tiotts  to  the  cj'ano^u  compounds.  Bearing  in  mind  the  pecu- 
liarly large  amount  of  energy  set  free  as  heat  daring  tbe  iso- 
meric transformation  of  many  c\-anogen  compoUDds,  as  veil 
as  the  large  store  of  potential  ener^ry  i-ftigHiw  Iq  cyanogem 
itself,  the  neat  of  combustion  uf  which'  is  very  Gu^e.  aod  ootf 
trastin^  these  properties  u'ith  those  of  anmonia  attd  the  am- 
monia compounds,  we  catuiot  help  being  tempted  towards  ibe 
view  that  in  the  actual  Uvinj;  structure  the  nitrogen  exists  in 
the  form  of  cyaao^^cn  compounds,  and  that  in  tbe  passage  to 
dead  nitrogenous  wast«,  durin<;  which  mergy  is  set  free,  tlw 
ojraQOgen  oompoand  changes  to  the  amide  or  otikcr  amaaoia 
xepreaentative.  And  there  are  spvcial  foets  wUc^  lend  stm- 
port  to  such  a  view,  such  as  the  prescucv  of  sulphocyaastes  u 
■aliva  and  tirine,  which  wp  mar  look  upon  as  a  sort  of  leakage 
of  cyanogen  factors,  the  artiScial  prodnctioo  of  kreatinin  oot 
of  oyanaroide  and  sarcosin,  and  other  hcts.     But  the  mktter. 
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though  it  deserves  to  be  borne  in  mind,  is  too  obecni-e  to  b« 
dwvll  on  here. 

§  391.  We  may  now  briefly  sum  up  the  varied  di8riis»ini)g 
wliicli  liave  occujiied  us  in  the  present  section. 

Urea  is  the  main  end-product  of  proteid  metabolism.  Un- 
like liippuric  acid  and  some  othtfr  cuustitiient«  of  urine,  urea  in 
simply  excreted  by  the  Itidiieys,  baiiig  broiifjlit  to  them  in  the 
blood,  they  ap|Kircntly.  beyond  the  simple  act  of  pxcrclion. 
doing  no  more  than  merely  contribuliii^  to  thu  stock  of  uren 
in  so  far  as  they  are  iiiits»es  of  proteid  material  uiiderKoinn  pro- 
teid  metabolism  iw  |>ttrt  of  their  general  life.  Whstt  are  the 
imiiiedinte  aiitecodenla  of  urea  we  no  not  clearly  know  ;  but  it 
is  probable  that  they  are  not  one  V>ut  several  and  indeed  jiossi- 
bly  many.  \Ve  have  reason  to  think  that  urea  may  he  formed 
out  of  amides  or  amide-acids,  or  out  of  ammonia  itself  by  iv 
sj'nthetic  process  :  and  we  have  indications  that  this  syiitlicsiM 
is  effected  in  the  liver  by  the  agency  of  the  hepatic  cells,  but 
we  do  not  know  whether  this  syiitliesis  buirs  ouly  on  partieulu' 
nitrogen-holdiug  subsluiiees  of  food  or  of  the  body,  or  whether 
it  comes  into  pl«y  in  the  normal  metabolism  of  proteid  mate- 
rial. If  the  kreatin  whiili  is  so  comipicunus  a  con.itituent  of 
muscular  and  nervous  .structures  ia  a  stage  in  the  direi't  line  to 
urea,  then  the  synthesis  woiild  affect  only  the  sarcosin  which 
the  krcatin  in  ixjcoming  urea  sets  free.  But  we  have  seen  that 
it  is  by  no  means  clear  that  kreutiit  is  such  a  stage. 

Tli«  evidene*;  a»  far  im  it  goes  leuds  to  shew  (Imt  the  mcttt- 
boHsra  of  proteid  i»  very  complex  and  varied,  that  a  large 
nund)er  of  nitrogen -holding  sulxttantres  makti  a  momentary  a[>- 
pearance  in  the  Imdy,  taking  origin  at  this  or  that  step  in  the 
downward  stairs  of  katabolic  nietalmlism  and  cluinging  into 
something  else  at  the  next  step,  aud  that  the  presence  in  vari- 
ous parts  of  the  boily  aud  even  in  the  urine,  in  small  quantitie». 
of  so  many  varied  nitrogcuoiu  crystalliiu*  substances,  formiug 
a  large  part  of  wliat  are  known  as  extractives,  has  to  do  with 
this  varied  metal)oli.-4m.  I'ossibly  the  transforinntions  by  which 
nitrogen  thus  pusses  dowuwunhf  take  place  to  »  certain  extent 
in  such  organs  as  the  Itver  and  the  spleeit  which  are  remarka- 
bly rich  in  these  extractive*. 


SEC.  5.     ON    SOME   STRUCTURES    AND 
OltSUUKK  NATURE. 
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§  398.  The  Thyroid  Body.  Certain  structures  which, 
Ihou^it  they  differ  in  iiiuiiy  ways,  we  miiy  couvenieiitly  treat  of 
togi;t)ier.  such  ii«  tlin  thyruid  and  pituitary  bodies,  thv  supm- 
rvnal  capsuloK,  anil  the  thym)i»,  appear  to  pluy  not  uuimportiuit 
imrtK  in  tlie  inetaliolic  pi-noei4.-<es  nf  tlitt  lioily. 

In  n^ffiirii  tii  the  thyroid  we  have  i!liiiie;il  and  expcritncntal 
evidenr.e  pointing  diatinctly  in  this  direction.  In  certain  animaU 
(sueh  as  njonkeys  and  dogs)  the  removal  of  the  thyroid  gires 
rise  to  variouii  symptoms  of  disorder.  ,\niong  the  earlier  of 
these  lire  muscular  tri^mors,  spastnn  or  even  tetanic  convulsiotts, 
accompanied  or  sueowded  by  irrejjuhirity  or  fiiilurc  of  voluntary 
movoinont»,  ull  indinttiii;;  mischief  tii  the  central  nervous 
Myi4l«ni.  ill  wliioii  intieed  hiMtologieiil  chiiiij**!!*  may  he  detected. 
Sul>!tei[nently  thei-e  ensue  otlier  varied  symptoms  which  may  li« 
described  under  the  general  term  of  those  of  disordered  iiiitn- 
tion,  and  which  eventually  end  in  death.  In  oi-der  to  obtain 
these  results  the  whole  of  the  thyroid  gland,  including  tJie 
small  so-called  accessory  thyroids,  when  these  are  present,  most 
bo  removed;  if  a  part  only  of  the  body  bo  left  behind  the 
MVinptumx  do  not  appear,  or  arti  slight  and  transient.  Mere 
injury  either  to  the  thyroid  body  itself,  or  to  the  siirmuudbig 
norvoui*  and  other  structures,  is  insiillicieiit  to  produce  the 
(■haraeteri.tttc  results.  Moreover,  if  the  thyroid,  after  the 
i-emoval  from  its  natural  imsition  and  attachment,  l>e  in8ert«d  as 
a  whole  or  in  part  in  some  other  part  of  the  body,  so  as  to  live 
»nd  thus  be  "grafted."  tlie  symptoms  do  not  appear.  The 
story  in  fact  is  very  similar  to  that  of  the  piinerejis  in  relation  to, 
sugar  in  the  blood  (see  §  374 ).  And  we  may  infer  that  in  these 
animals  tiie  blood  in  passing  through  the  thyroid  undergoes 
some  special  change,  some  tiling  or  things  being  taken  away 
fi'om  it  or  added  to  it,  by  which  it  ta  fitted  for  the  nutrition  of 
the  rest  of  or  at  least  of  other  parts  of  the  bixly.  We  may  add 
that  in  other  animals,  herbivora  for  instance,  these  symptoms 
are  not  »0  easily  produced.     The  reason  may  bo  the  greater 
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difficulty  in  ettsuring  the  removal  of  the  whole  gluwl;  but  thiK 
is  not  wholly  ol«ar. 

The  view  that  the  tliyrnid  effects  some  rlinnge  on  the  blood 
passing;  through  it  is  further  contirmed  by  cliiiifwl  experience. 
The  disease  known  as  niyxoedema,  chavaoteri/.ed  by  disordered 
nutrition,  iiotabh'  of  tlit-  skin  imd  of  the  nervoiLi  system,  but 
nUo  of  othi'r  piirtK  of  the  body,  is  elosi?ly  associated  with  morbid 
changes  of  t)ie  tbyruid  body,  and  thus  is  allied  to  goitre  and 
oretJniam.  Tlie  ttymptoniH  in  iiinuy  respects  rusomijic  those 
produced  in  aniniaLs  by  temuvnl  of  the  thyroid.  Now  in  such 
oaaeH  tJte  symptoms  :tre  in  a  most  reiimrkHblo  wny  b*Msened  or 
even  removed  by  the  systematic  subcutanemis  injection  of  the 
extract  of  the  fresh  tnyroid  body  of  an  animal,  or  even  by 
the  extract  being  tuken  regularly  by  tlie  mouth.  The  Rmall 
quantity  of  substance  thus  introduced  into  the  blood  is  suflirient 
to  modify  the  altered  nutrition  of  llicbody,  and  to  bring  it  back 
to  ita  norninl  condition.  The  inference  is  that  under  normal 
conditions  the  liiyrnid  giveit  up  iti  some  way  to  the  blood  the 
suiistancB  or  substances  which  in  the  above  insluiice  are  arti- 
ticially  administered  in  the  thyroid  extract,  and  the  presence  of 
which  is  in  some  way  essential  to  the  normal  nutrition  of  the 
body. 

Wliat  that  aulwlance  is  or  those  sulmtuncea  are.  and  how  they 
act.  we  nrv  not  yet  in  a  position  to  say.  The  characteristic 
presence  in  the  alveoli  of  the  thyroid  of  mucin,  or  of  a  sulistaiice, 
the  Ro-4-alied  "colloid  "  having  at  least  a  sii|ierficial  rcKcmblance 
to  mucin,  and  the  fact  that  in  myxoedcma  a  muciu-tike  body  is 
in  excess  in  the  tiasuea,  hem:e  the  name,  have  led  to  specidationa 
lu  to  the  connection  of  the  thyroid  and  mucin.  But  our  knowl- 
edge is  not  at  present  such  as  to  justify  any  definite  atatemeiit. 

§  303.  Tfif  PifHttarif  Body.  The  lower,  posterior,  lolie  of 
this  org-.tu  in  nuiiiy  rcsi>i!Cl«  resemble*  the  thyroid  body  (the 
opfter.  anti>rior,  lube  i»  of  ii«ite  ilistiuot  nature,  being  really 
a  part  of  the  central  nervnuH  system),  hut  coneennng  the  proc- 
vRHcs  which  take  place  in  this  lobo  and  the  purposes  of  tho 
organ  as  a  n-hole  we  know  abaolutely  nothing. 

§  394.  The  Suprarenal  BoJUa.  These  differ  wholly  in 
mtnuaure  from  the  thyi-oid  body.  The  two  parts  of  which 
the  iKxiy  consists,  cortex  and  medulla,  are  not,  like  the  eortez 
and  tiKilulIa  of  u  lymphatic  gland,  different  arrangements  of 
the  same  material,  but  are  of  esK^^'ntially  different  nature  and 
indeed  ai-e  of  different  origin.  The  medulla  is  derived  from. 
is  a  moiUtication  of,  sympathetic  ganglia,  while  tlie  cortex  is 
derived  from  niaascs  of  mesoblastic  cells  surrounding  the  great 
blood  vessels;  and  in  some  animals  the  two  form  wholly  separate 
iMxIies. 

Some  of  the  histological  fcaturt^^s  of  the  suprarenal  twtdics. 
namely  Ibe  groups  of  c«lLs  iitid  their  abundant  blood  supply. 
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suggext  OH  (he  oue  hand  that  important  metabolic  procesnea 
take  place  in  tlium,  soiim  of  which  art^  probably  cxJoniMited  with 
the  hititory  of  tliv  pif;iiiutit»  of  tliv  body  »t  largi-.  On  thv  othur 
hand  the  unimiully  hii'^o  nerve  supply,  tnvl  tliu  derivation  of 
part  of  the  body  from  the  isym]iathetic  ganglia,  suggest  i>^cn- 
Ii»r  nervous  connections.  And  the  organ  has  often  served  as 
a  stalling  point  for  Hpeculations  in  these  two  directions;  but 
our  exact  Knowledge  concerning  them  is  very  limited.  By 
experiment  we  learn  that  removal  of  the  whole  of  both  supra- 
renal bodies  entails  spi^vdy  death,  the  symptoms  having  a  general 
resemblanee  to  those  due  to  ihi.-  reniovtd  of  the  thyroid.  The 
removal  of  one  suprarenal  iilune  is  iuutlequat«  to  produce  this 
result;  and  the  »viiiptoni.i  following  i-eniova!  of  both  iii.iy  he  at 
least  mitigated  hy  injection  of  an  extract  prepared  from  the 
organ.  Thin  suggests  a  function  of  the  auprarenals  analogous 
to  that  of  the  thyroid.  Injection  of  the  extract  of  suprarenaU 
in  adequate  doses  also  proaucea  distinct  physiological  effects, 
notably  constriction  of  the  blood  vessels  and  inhibition  of  the 
heart. 

One  fact-i  gained  by  clinical  experience,  pointing  in  the 
same  <tirection  is  of  great  interest.  Diseast^  of  the  suprarenal 
bodies,  apparently  tubercular  in  natnre  and  beginning  in  the 
medulla,  in  so  often  a.ssoetated  with  a  change  in  the  colour  of, 
with  an  increase  of  the  pigment  of  the  .skin,  'bronzed  akin,* 
'Addison's  disease.'  that  some  connection  between  the  two 
must  exUt;  hut  the  several  links  of  the  chain  are  as  yet 
unknown.  It  is  tempting  to  associate  the  increase  of  pigment 
in  the  bronzed  skin  with  the  fact  that  IIk'  suprarenal  body  con- 
tains some  substance  or  substances,  possessing  striking  colour 
reaetious,  giving  a  dark  blue  or  dark  green  colour  with  ferric 
chloride,  luid  a  carmine  red  tint  with  various  oxidizing  agents; 
but  we  have  no  exact  knowledge  at  present, 

§  395.  Tfn  Thifmus.  This,  again,  is  essentially  a  Ijniiphatic 
structure,  and  indeed  might  be  regarded  as  a  part  of  the  lym- 
phatic system. 

Krora  the  thymus  there  may  be  extracted  hy  means  of  saline 
solution  a  form  of  a  peculiar  protcid,  a  so-called  nucleo-ulhuniin 
which,  like  the  corresponding  bodies  from  lyni)iliatie  glanils  or 
from  leucocytes,  seems  to  htivo  some  special  i>;latiuns  lothe  for- 
mation of  fibrin.  T!iu».  as  has  alruaily  been  siiid  (§  22},  a  solu- 
tion of  this  Ixidy  from  the  thymus,  injceted  into  the  veins,  will 
give  rise  to  extensive  iiitrava.-<cnlar  dotting. 

The  thymus,  like  the  rather  iKtdies  on  which  we  are  now 
dwelling,  is  also  rich  in  extractives.  Thus  xanthin,  bypoxan- 
thin,  leaoiD,  lactic,  sucoinic  and  otlier  acids  have  been  found 

allv  takes  place  in  the  body  we  ha\-c  no  exact 
trie  thyratw  is  best  developed  before  birth. 
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disappearing  after  birth  at  a  rat«  which  varies  much  in  dififer- 
ent  individuals  and  still  more  in  different  kinds  of  animals, 
and  being  eventuallj  replaced  by  fat  and  connective  tissue,  it 
is  obvious  that  its  chief  functions  are  in  some  waj  associated 
with  events  taking  phice  before  birth  or  in  early  life. 


SEC.  6.    THE  HISTOBY   OF  FAT.     ADIPOSE   TISSTTE. 


§  396.  GIobiile>4  of  fat  of  various  sizes  make  their  appear* 
auM  in  tliB  very  elements  of  most  of  the  tissues,  in  muscular 
fibres,  in  epithelial  cells,  in  nerve  cells,  in  leucocytes,  and  so  on  ; 
and  the  medulla  of  niedullated  iiervcR  <:on.slst!«  largely  of  a 
peculiar  fatty  material.  Uesides  thia,  certain  cells  of  connec- 
tive tissue  at  various  tim(»;,  and  iu  various  places,  become  so 
loaded  with  fat  tlial  gruups  of  the  cl-IIs  become  practically 
maHses  of  fat.  Connective  tissue  thus  loaded  with  fat  ia  called 
adipose  tissue ;  and  masses  of  tt<ltpuse  tissue  of  all  maimer  of 
sizes  and  of  shapes  adapted  to  the  several  situations  are  found 
in  various  parts  of  Uie  body.  Many  of  the  internal  organs, 
more  especially  tlio  kidneyt,  are  wi-appcd  in  adipose  tissue;  but 
the  largest  deposit  is  one  lyiug  in  the  subcutaneous  connective 
tissue,  sometimes  called  tho  "  paaniculuB  adiposus;"  and  a 
•fat*  body  is  distiufiuishcd  from  a  'lean'  body  cliiefly,  though 
by  no  means  esclusivcly,  by  the  amount  of  subcutaneous  adi- 
pose tissue. 

Of  all  the  tissues  of  the  body  adipose  tissue  is  the  most 
fluctuating  in  bulk  ;  within  a  vi»ry  short  space  of  time  a  large 
Hni'Xitit  of  iulipnse  tissue  may  disaitpear,  and  williiu  a  very  short 
spa<;e  of  time  the  quantity  present  in  a  body  may  be  several 
times  multiplied.  When  too  much  or  too  little  food  is  given  it 
hi  the  subcutaneous  adipose  tissue  which  lirst  and  most  rapidly 
increase!*  or  decreases  in  bulk. 

§  397.  A  fat-cell  is  a  cell,  belonging  to  oonnectivo  tissue, 
ill  the  cell -suits  la  nee  of  wliicli  fat  has  been  collected  to  such  an 
extent  that  the  uell,  which  increases  largely  in  bulk  during  the 
process,  is  almost  wholly  transformed  into  a  large  vacuole  tilled 
with  fat,  the  cell -substance  being  reduced  to  a  thin  envelope  of 
the  vacuole,  tliiokened  at  one  part  where  the  nucleus,  thrust  OQ 
one  side  by  the  gathering  faU  is  placed.  Adipose  tissue  is  a 
collection  of  such  fat-cells  hold  together  by  a  meagre  quantity 
of  vascular  connective  tissue. 

By  studying  the  development  of  adijjose  tissue  in  the  embryo 
or  elsowhere,  we  may  trace  out  the  steps  of  the  formation  of  tne 
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fat-cells.  Ii]  the  embryo,  in  a  situatioD  where  luliposv  tissue  u 
ulxtut  to  he  ioTvned,  the  oonnwtive  tttaue  ia  seen  to  cntitain  a 
nuiuburof  small  nucleiitecl  cell:*,  rounded  or  8niiit^%vhat  i rrRj^iilar 
ill  furni,  tlie  ('«lUsuhRtiince  of  which  nt  tirst  pi-esenU  no  xpctrial 
characters,  an<l  contaiiu)  not  more  timn  what  mav  be  called  the 
ordinary  amount  of  fat  globuk'S  or  spherulea.  V  ery  aoon  how- 
ever these  minute  drops  or  specks  increase  in  number,  the  cell- 
aubetance  at  the  saints  time  inCDMuting  in  bulk  nhile  remaining 
round  or  bocomin);  more  diiitinutly  so,  and  the  sniulU-r  drups  run 
t«}f(!th«?r  into  laryer  ones.  This  goes  on  ;  the  fiit  iitin^a^ln;;  In 
<]uautity  coalesces  more  and  more,  and  the  ecU,  ».-s  a  wliole, 
becomev  larger  and  hirjjer,  the  cell-suhstanoe  at  tirst  keeping 
up  in  bulk  with  the  increasing  fat,  but  subsequently  ceasing  to 
increase,  being  apparently  used  up  in  the  formation  of  the  fat. 
Thus  the  origuial  small '  protoplasmie '  cell  is  at  last  transformed 
into  the  larger  fat-cell,  all  the  fiit  having  run  together  into  a 
vesiulu  iho  envelope  of  which,  thickened  on  one  side  to  carry 
the  nucleus,  in  furnished  by  the  remnant  of  the  cell-subsiaiiw!. 
In  some  cases,  the  nucleus  instead  of  being  pushed  early  on  one 
side,  remains  central  though  tlie  collection  of  fat  has  become 
considerable  ;  it  is  however  eventually  displaced.  The  whole 
process  appears  very  similar  to  the  deposition  of  mucin  in  the 
cells  of  a  mucous  ^liind,  §  197  ;  and  we  may  by  analogy  infer 
that  the  fat-cell  K-coines  a  fat-cell  by  tlie  eell  mauufucturmg  fat 
in  Hi^)mu  way  or  uUicr,  and  depositing  the  fat  so  fornii-d  in  thv 
iDterstices  of  its  substance.  The  most  striking  BUiwrficial  dis- 
tinctions seem  to  be  that  in  the  mucous  cell  the  granules  or 
S{^erules  remain  discrete  within  the  cell,  being  separated  by 
bars  of  cell-substance,  whereas  in  the  fat-cell  the  globmes.  as  they 
form,  run  together  until  at  lust  they  uuito  into  a  single  mass;  and 
further  that  while  in  the  mueous  veil,  even  when  most  heavily 
loaded,  a  relatively  lar^e  amount  of  active  cell -subs  I  u  nee  still 
remains,  in  the  fat-oell  a  mere  remnant  is  left  and  that  chiefly 
surrounding  (Jie  displaced  nucleus. 

The  fat  in  tlie  interior  of  bones  forming  the  yellow  marrow 
atipears  to  have  the  siune  general  structure  and  to  be  formed  in 
the  same  way  as  the  rest  of  the  adipose  tissue. 

§  398.  The  fat  thus  de|>ositcd  in  a  fat-cell  sooner  or  later 
diaa]3ix-4irs.  It  is  not  ejecte«l  bodily  into  the  surrounding 
lymiHi -spaces  of  the  connective  tissue,  hut  passes  away  gnul- 
lUlly  either  into  the  lymphatict  or  into  the  blood  strenni  by 
*oni«  processes  not  as  vet  fully  understood.  During  the  dtsap* 
pearanoe  of  the  fat  tne  cell  behaves  in  one  of  two  different 
ways.  On  the  one  hand,  as  the  fat  gradually  diaappeam.  little 
by  little,  the  roundetl  distended  vesicle  gradually  lesaening 
assumes  the  characters  of  a  eonncctivo  ttasue  corpuscle,  even 
of  a  branched  one.  On  tlie  other  hand,  especially  when  the 
disappearauce  is  rapid  and  total,  the  space  previously  occupied 
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by  fat  beoonies  filled  with  a  clear  Raid  resembling  lymph,  the 
fat  veiticle  l)eiiig  transformed  into  a  lymph  vesicle.  This  oon- 
ditioii  however  is  temporary  only,  the  lymph  is  sulisequently 
nlworbed  and  ihe  vesicle  shrinks.  Or  tiie  ceU-8ubstanc«  may 
shrink  round  the  lessening  fat,  but  in  doing  so  deposits  on  it« 
outftide  a  mucous  substaucv.  At  times,  the  emptying  of  the 
cell,  whetlier  by  the  one  method  or  the  other,  is  followed  by  a 
rejm'enesceiKM;  of  (he  cell,  the  nucleus  by  diviDion  gives  rise  to 
sevural  nuclei,  and  Ihc  cell  divides  into  new  celli«,  each  of  M'hich 
may,  under  appropriute  conditions,  develope  again  into  a  fat*«ell. 

§  3d9.  'I'he  fat  thus  lodgi'd  in  adipose  tis-sue  varies  some- 
what in  compaiition  in  various  animals,  but  is  chiefly  composed 
oT  olein,  palniitin  and  st«arin  in  varying  proportions,  with  small 
quantities  of  the  glycerine  compouniw  of  such  fatty  acids  as 
butyric,  capronic.  caprylic.  &c.,  together  with  a  little  Iccithio  and 
cholesterin.  The  *  fat '  of  one  ainmul.  tliat  is  the  fat  thus  con- 
tained ill  adipuHc  tissue,  differs  from  the  fat  of  another  animal 
t)artly  by  the  prcscnoe  of  nmre  nr  lesn  of  one  or  more  of  tiiPse 
CSS  abundant  fiitw,  but  chiefly  by  the  proportion  in  whicli  the 
tiirec  m:tin  fats,  olein,  palmitin,  and  stearin,  are  respectively 
present  in  the  mixed  fat.  The  melting  points  of  these  three 
fats  being  different,  the  melting  point  of  the  fat  of  the  body 
will  differ  according  to  the  relative  proportions  in  which  the 
three  arc  present,  flius  the  sulicutaucous  fiit  of  man  melts  at 
from  15°  to  i'Z"  or  hijjhcr,  tlie  fat  round  the  kidney  beinfj  tinner 
and  uot  melting  until  'ir*';  the  fat  of  the  dog  melts  at  about 
22°,  that  of  the  goose  at  about  2.5°,  of  the  ox  at  about  40°,  and 
of  the  sheep  at  .50°,  the  less  resistant  fat  of  tlie  man  and  dog 
containing  relatively  more  olein  than  that  of  the  ox  or  of  the 
sheep. 

§  400.  When  we  come  to  consider  the  question,  By  what 
processes  does  tlie  fat  make  Its  appearance  in  the  fat -cell  ?  we 
are  brought  face  to  face  with  much  the  same  kind  of  problem 
as  tiuit  which  occupied  utt  in  dealing  with  glycogi'tn.  Uu  the 
one  hand  we  may  suppose  that  the  fat  i»  brouglit  to  the  fat-cell 
as  fat  and  is  in  .tome  way  taken  up  liy  the  cell  and  deposited  in 
tlie  eel  I -.lu  lis  til  nee  with  little  or  no  change.  On  the  other 
hand,  we  may  suppose  that  the  fat  is  manufactured  by  the  fat- 
cell  in  some  such  way  as  mucin  or  pepsin  is  mauufactunjd  by  a 
mucous  or  a  gastric  cell,  out  of  and  by  means  of  its  ccll- 
substanue,  and  that  the  process  of  fattening,  or  of  producing 
fat  in  fat'Oells,  consists  essentially  in  feeding  and  so  building 
up  the  cell-aubstHnce  which  8ubse(|uently  breaks  down  into  fat, 
and  does  not  consist  merely  in  bringing  fat  within  reach  of  the 
cell.  Which  of  these  views  i.-*  the  true  one,  or  how  far  are  both 
these  operations  carried  on  in  the  animal  body  V 

In  support  of  the  latter  view  it  may  he  urged  that,  not  only 
the  more  complex  living  substance,  but,  as  we  have  more  than 
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once  urged,  the  simpler  prote'irf  inniistitiient  of  living  8ulMCaiioo 
ottviously  cnnUins  nliat  we  may  tsill  a  fatty  radicle,  so  that  we 
might  expect  fat  to  )>e  formed  out  of  its  meCaboli»ra.  And  as 
a  niatt*-'r  of  fact  not  only  in  adipose  tiMsue,  but  in  ovpry  part  of  ■ 
tho  body,  livini;  substance  is  1:011  linuously  ^vin?  me  to  and 
temporarily  depoitttiit};  in  ilsulf  hoiiiu  aiuoiiiit  of  fat.  aotl  in 
what  ix  knon-u  as  fatty  degeneration  there  suenis  to  be  evi- 
dence of  the  fonimtiou  of  fat  out  of  proteid  niateriHl. 

On  the  other  hand,  we  have  traced  tlie  fats  taken  as  food, 
and  found  that  they  pasw  with  eoniparatively  little  change  from 
the  alimentary  canal.  cltieUy  through  the  intermediate  paKuiee 
of  the  lactcafs,  into  the  blood,  from  which  they  rapidly  dis- 
appear after  a  meal.  W'u  might  inft-r  from  tliis  that  an  excess 
of  fat  thus  eitteriii<;  the  blood  would  naturally  bv  disposed  of 
by  bvinj;  Hiinply  xtoreil  up  in  the  available  iuUpose  tissue  with- 
out aiiy  further  clian^ ;  we  can  Imagine  that  the  fat,  not 
i  muted  iittely  wanted  by  the  economy,  pas.ie!>  in  some  way  from 
the  blood  to  the  connective  tissue  (the  white  blood  corpuscles 
which  appe.ir  loaded  with  fat  after  a  meal  possibly  acting  as  inter, 
mediaric^),  and  that  the  connective  tissue  corpuscles  swallow  the 
fat  brought  to  ihvm  after  the  faeliion  of  uii  ama:ba.  not  digesting 
it  but  simply  keeping  it  in  store  until  it  was  wanted  elsuwhere. 

What  do  experiments  l«ach  on  tins  mutter? 

In  the  first  phiire,  it  is  evident  lliat  in  an  animal  fattened 
on  ordinary  fattenint^  food,  only  a  small  fraction  of  the  fat 
stored  up  in  the  hmly  can  possibly  come  direct  from  the  fat 
of  the  food.  Long  ago.  in  opposition  to  the  views  of  Dumas 
and  his  school,  who  taught  tliat  all  construction  of  organic 
matvrial.  that  all  actual  manufacture  of  li\Tng  substance  or 
even  of  its  orgunio  constituents,  was  confined  to  vegetables 
and  unknown  in  uniniaLs,  Liebig  shewed  that  the  butler  pres- 
ent ill  the  milk  of  a  cow  w>is  much  greater  than  could  bo 
accounlcil  for  by  the  scanty  fat  present  in  the  grass  or  other 
fodder  she  consumed.  He  also  urged,  aa  an  argument  in  tlie 
same  direction,  that  the  wax  produced  by  bees,  which  though 
having  a  different  composition  from  fat  may  be  used  as  an 
analogy,  is  out  of  all  proportion  to  the  wax  or  allied  bodies 
oontuincd  in  their  food,  consisting  us  this  doi«  chiutly  of  sugar. 
And  it  has  siiicv  been  shewn  in  many  ways  that,  ui  fntlenuig 
aninialw.  the  fat  iwtcuniuUted  in  the  body  cannot  be  accounted 
for  by  the  fat  which  has  been  taken  in  the  food.  It  has  been 
proved  by  direct  analysis.  Thus  of  two  young  pigs,  as  much 
alike  as  possible,  of  the  same  litter,  one  was  killed  and  analyzed, 
the  amount  of  fat  in  the  Ijody  being  among  other  things  deter- 
mined. The  other  was  fattened  for  a  certain  length  of  time 
00  food  whose  composition  was  known,  and  then  killed  and 
analyzed.  It  was  found  that  for  every  100  purls  of  fat  in  tba 
food  472  part*  of  fat  were  stored  up  in  the  body  during  tlie 
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futtviiinff  period.  It  i»  clear  that  fat  may  be  formed  in  the  body 
uul  of  !«otiitfthiMg  vvhioh  is  not  fnt. 

§  401.  There  are  two  iMSsible  Bourceaof  (his  manufactured 
fat.  The  carbohydratfs  of  llie  food  form  one  source.  In  treat- 
ing of  digestion  (§  232).  wv  referred  K»  tlie  |Kis^ibi]ity  of  car- 
bohydrates during  digc-stioii  in  the  ulimeiitary  ciiiial  becoming 
bv  /ermi-ntfition  oonverted  into  bntyric  ncid ;  and  we  sugtjrsttid 
tfiat  higher  and  more  complex  memben*  of  the  same  fatty  avid 
svriuM  niif^ht  be  obtained  out  of  carlxihydrates  by  somewhat 
Hiialogou-s  oliangea,  carried  on  however  not  in  the  alimentary 
canal  uy  meana  of  foreign  organized  ferments,  but  in  the  tia- 
sues  through  the  activity  of  tlic  tissues  themselves.  We  can- 
not as  yet  trace  out  the  steps  nor  rati  wo  definitely  point  to 
any  particular  tissues  other  than  the  fat-cellx  theniHcIves  as 
the  scats  of  any  sueli  changes;  though  it  ia  poitsible  that  th« 
fat  may  be  mouitfactured  in  thi.s  or  that  linNiie  and  subse- 
quently transferred,  for  stoi-age,  to  the  fat-cells.  Bat  there 
can  be  no  doubt  that  carbohydrate  material  does  in  some  way 
or  other  give  rise  to  fat.  A  carbohydrate  diet  is  the  kind  of 
diet  most  efiicacious  in  producing  an  accumulation  of  fat  in  the 
body :  sugar  or  sturcb,  lu  some  uirm  or  other,  is  alwaj's  a  la^e 
constituent  of  ordiuary  fatti^niuf;  foods. 

Another  source  of  fat  is  to  be  found  in  the  protcids.  We 
have  seen  that  the  urea  of  the  urine  practically  represents  the 
whole  of  the  nitrogen  which  |>aases  through  the  IkkIj.  Now 
in  any  given  <juantity  of  urea  the  amount  of  carbon  is  far  leM 
than  that  found  in  the  quantity  of  jiroteid  containing  the  aame 
amount  of  nitrogen.  Thus  the  percentage  composition  of  the 
tvo  being  respectively, 

Carbon.       fljilrnf^Bn.      Okjxmi.         mtre^en,       Sulphnr. 
Urea         20-00  tJBfJ  2«-i;7         46-t>T 

Proteid    53  7-30         2:J04         15-53        1-18 

100  grms.  of  urea  contain  about  as  much  nitrogen  as  300  gmu. 
of  proteid;  but  the  300  grms.  of  proteid  contain  139  grmB, 
(159  —  20)  more  carbon  than  do  the  100  grms.  urra.  Hence 
the  300  grms.  of  proteid  in  passing  througb  tlie  body  and  giv- 
ing rise  to  100  grms.  of  orea,  would  leave  behind  \99  ktvoa.  of 
oarbon,  in  some  combination  or  other ;  ami  ihi.s  8ur])lii«  of  car- 
bon, if  the  needs  of  the  economy  did  not  demand  tluit  it  should 
be  immediately  converted  into  carbonic  acid  and  thrown  off 
from  the  body,  might  be  deposited  somewhere  in  the  form  of 
fat.  It  has  been  calculated  that  in  this  way  100  grms.  of  pro- 
teid food  might  furnish  42  grms.  of  fat.  We  nave  already 
seen,  in  treating  of  tlie  action  of  the  pancreatic  juice  (§  210), 
that  there  in  evidence  of  a  fatly  elenu-nt  (viz.  leucin.  which  is 
amido-cnproic  acid,  and  so  belong  to  the  fatty  acid  seriea)  betog 
thrown  off  from  tlie  complex  proteid  coinjHtund  in  the  very  pro- 
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}f  di}^stiuii ;  and  though,  as  we  have  Mtid,  we  hav«  no  proof 
thut  this  HCtioii  of  pancreatic  juice  takeei  place  Inrf^ly  in  the 
uurmal  body,  it8  value  as  an  example  is  none  the  leAft  iniportiiiit. 

Some  observers  have  puslicd  tliiB  view  of  the  prothnaioii  of 
fat  out  of  protvids  su  fur  us  lu  iusiHt  that  hII  the  fat  fonnetl  in 
the  body  uriscx  in  thi»i  way  out  of  ]irot«id  niuti-rial.  and  that 
when  carbohydrate  food  gives  rise  lo  the  forniution  of  fat  it 
AoK's  »o  by  itliifldiiig  from  oxidation  the  ciirlion  moiety  of  the* 
pruteid  food  taken  at  the  same  time  and  thns  p^rniittin};  it  to 
lie  stored  uyi  as  fat.  The  carbohydrate  itself,  they  argue,  never 
becomes  fat  but  its  prcsGiicc  allows  fat  to  be  formed  out  of  pro* 
teid  material.  This  view  has  obviously  u  very  important  eco- 
nomical bi'iiriuif,  uince,  if  it  wore  true,  it  would  bo  useless  to 
iDcreust;  the  curboliydratc  material  of  food  for  tJic  purpose  of  fat- 
tvuing,  unle^f  it  ttulhcient  proportion  of  proteiil  mat«riul  ha  given 
at  the  xnino  time.     It  has  however  been  proved  lobe  untenable. 

§  402.  It  is  clear  then  that  a  construction  of  fat  does  occur 
in  the  hodv  somewhere.  What  limits  can  we  place  on  the  de- 
gree to  wliirb  this  conKtruction  is  carriLHl?  When  the  food 
contains  aufticicnt  actual  fat  to  account  for  the  fat  stored  np  in 
the  body,  docs  any  construction  of  fat  Uiku  ptacv?  In  the  lirat 
place  wc  fiud  that  when  the  food  contains  abnormal  fats  such 
uaani  not  pi'cscnt  iu  the  body,  xperinaceli  for  instance,  or  eru- 
cin  (from  rape-iteed  oil).  lbene  fats  are  not  to  l>e  found,  or  are 
found  til  verv  small  quantity  only,  in  the  fat  which  is  stored 
up  in  the  boily  as  a  consequence  of  a.  lar^c  supply  of  that  fowl. 
In  the  second  place  we  may  call  to  mind  the  statement  previ- 
ously made,  tliat  llio  compnsitiou  of  fat  varies  in  different 
animftla.  The  fat  of  a  man  differs  from  the  fat  of  a  dog.  even 
if  both  feed  on  exactly  the  same  food,  fatty  or  otherwise. 
Were  the  fat  which  is  tiiken  as  food  stored  up  as  adipose  timue 
directly  and  without  change,  recourse  lieing  had  to  other  xourccs 
of  food  for  the  constnirtion  of  fat  only  in  cases  where  I  he  fat 
in  the  foixl  was  deticient,  we  should  expect  to  find  that  the 
nature  of  tbe  fat  of  tbe  body  would  varj-  greatly  with  the  food. 
So  far  from  this  being  the  case,  dirc^-t  experiment  sliews  that 
the  fat  of  the  dog  i^  as  far  as  eom[K>eition  is  concerned,  very 
largely  independent  of  the  food,  that  the  normal  constituent 
of  fat  make  iht'ir  appearance  very  nnich  »»  usual  and  in  very 
much  their  appropriate  proportion,  though  their  proportinii  in 
the  fooil  may  largely  vary,  and  though  some  of  them  may  be 
wholly  absent.  Thus  in  one  experiment  the  fat  of  the  l>ody 
contained  considerable  quantities  of  stearin  after  a  diet  free 
from  stearin,  and  in  another  preserved  the  normal  amount  of 
oleiu  aft«r  a  diet  free  from  <>leiii.  This  shvn-s  that  the  con- 
strugtire  power  of  the  economy  is.  as  rcgar^ls  fat,  very  great ; 
indeed  it  is  even  piMtsible  that  all  Die  fat  stored  up  iu  Uie  body 
is  Lu  formvd  luiew. 
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SEC.  7.     THE   MAMMARY   GLAND. 


§  403.  Hince  milk  Lt  a  secretion,  and  indeed  an  excrelion. 
Uie  maiiimarv  gland  ought  not  to  he  claKxed  as  a  inettibolic  ti«- 
flue,  in  the  limited  meaning  we  are  now  attaching  to  tJ]Oi«e 
words.  Yet  the  metabolic  phenomena  giving  rise  to  the  secre- 
tion of  milk  nrc  aa  marked  and  distinct,  have  so  many  analogies 
with  the  purely  metabolic  cvi-nts  which  tiikc  place  in  adipose 
tisMUc,  and  ko  strikingly  illiivlrate  metabolic  events  iu  general, 
that  it  will  be  more  cunveuieDt  to  cotuider  th«  matter  hero, 
nttJier  than  in  any  other  connection. 

The  mammary  gland,  fornied  like  a  sweat  gland,  of  which 
it  may  be  considered  an  extreme  development,  oy  an  ingrowth 
of  the  Malpighian  layer  of  the  epidermis,  is  a  compound  race- 
mose gland,  conBtructed  after  the  general  plan  of  such  a  gland 
and  tlius  composed  of  branching  ducts  ending  in  secreting  al- 
veoli. 

§  404.  'ITie  appearanceiK  presented  by  the  alveoli  differ 
widely  according  as  the  gland  is  one  which  iu  Iwiug  uxed  for 
suckling  or  is  one  in  a  resting  or  dormant  condition,  ihat  is  lo 
say  liefore  any  pregnancy  at  all  has  taken  place  or  in  the  inter- 
val between  two  suckling  periods.  In  the  suckling  gland  each 
alveolus  consists  of  a  basement  membrane,  presenting  the  usual 
characters,  lined  with  a  single  layer  of  cells  leaving  s  wide 
lumen  ;  but  the  appeurunces  presented  by  thv  cells  differ  from 
time  to  time  acconliiig  to  circumstances  and  are  not  the  same 
in  all  the  alveoli  at  tlie  same  time.  We  may  however  distin- 
gui.Hh  two  conditions  which,  since  they  seem  to  correspond  t<> 
Uie  loaded  and  discharged  conditions  of  an  ordinary  gland,  we 
may  call  the  loaded  ana  the  discharged  phase  respectively,  con- 
ditions intermediate  between  the  two  being  met  with. 

In  the  discharged  phase  the  nlvcolus  is  lined  by  a  layer  of 
low  cubical  or  even  flattened  cells,  so  that  the  relatively  large 
area  of  liie  alveolus  is  nlmosl  wholly  occupied  by  the  lumen  in 
which  some  of  the  conMtituent«i  of  the  milk  may  still  be  retained. 
Each  cell  consists  of  grauular  cell-subslftnce  in  which  is  placed 
a  ronnded  or  oval  nucleus.     Sometimes  the  free  edge  of  tha 
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cell  U  jaf^god  and  uneven  oh  if  a  portion  of  the  free  border  bad 
been  torn  awny. 

In  11  fidly  loaded  pliast;  the  uppearntioes  am  very  difTi-rcnt. 
Tbt^  ulv«(ihis  U  now  lined  with  a  layer  of  tall  columnur  cellit 
projecting  unevenly  into  the  lumen,  the  outline  of  which  i» 
correflpondinely  irregular  and  the  area  of  which  i8  much  re* 
duoed.  WhEo  the  broadur  base  of  each  cell  reBt«  on  the  baae- 
mi'nt  mi'mhrane,  the  other  cud,  conical  or  irrei^idar.  stretches 
towards  tlic  ccutrc  of  the  lumen.  Instead  of  one  nucleui;.  two 
or  even  more  are  now  present,  tme  well  fonned  and  normal  be- 
infi  placed  nearer  the  base,  and  the  others,  often  .^hcwinjj  siftu« 
of  bi'eaklng  up  or  degeneration,  nearer  the  free  end.  Sniiie- 
(inies  constricttona  are  Heen  wliereb}*  the  free  peripheral  portion 
of  the  ceU,  including  one  or  more  of  the  nuclei,  is  apparently 
beiug  separated  from  the  basal  portion  in  which  the  remaining 
nucleus  is  lud&^-d  :  and  occasionally  portions  or  fra;;nicnts  of 
lyills,  nucleated  ur  uuclcuslcss,  ni^iy  be  suvn  lyin^  in  the  cavity 
of  the  alveohis.  In  the  cctl-8ulwt^ncc,  es{}ccially  towards  the 
free  border  of  the  cell,  are  numerous  oil  globules  of  various  siies 
as  well  as  granules  or  particles  of  other  nature ;  some  of  the 
larger  oil  globules  may  be  seen  projecting  from  the  mirfare  as 
if  about  to  be  extruded  from  the  cell ;  and  in  the  cavity  of  the 
alveolus  oU  globules  with  a  thinner  or  thicker  coating  of  cell- 
substance  arc  frequently  present. 

Between  such  a  fully  loiided  phase,  and  a  completely  dis- 
charged ptiiise,  various  intermediate  conditions  may  be  observed, 
the  celbi  being  of  greater  or  less  height,  containing  one  nucleus 
only  or  more  than  one,  the  oell-substance  occupied  with  few  or 
witn  ruany  oil  globules  and  other  granules,  ana  the  free  border 
more  or  less  jagged. 

§  405.  Tne  dormant  resting  mammanr'  glund,  that  for  in- 
ataUL-c  of  an  animal  which  has  never  been  pregnant,  is  much 
smaller  than  a  suckling  gland,  owing  to  the  alveoli  being  both 
smaller  aud  less  numerous.  Each  alveolus  moreover  is  not  a 
cavity  lined  with  a  single  layer  of  epitlielinni.  but  a  solid  cylin- 
der or  max*  of  comparatively  small,  rounde<l  or  polyhednd  cells. 
So  long  as  |tregnancy  does  not  occur  the  growth  of  these  is 
exceedingly  slow,  and  the  product*  of  such  metabolism  as  goes 
on  in  them  arc  carried  away  by  the  blood,  so  that  under  normal 
oircumBtancea  no  secretion  takes  place. 

When  pregnancy  occurs  rapid  gi'owth  of  the  mamma  takt-« 
place,  niuneruus  new  alveoli  being  formed  by  budding,  but  all 
for  a  time  remaining  solid  cylinders  of  celbt.  At  the  approach 
of  tike  birtli  of  the  oiTspring,  the  eentral  cells  undergo  metabolic 
uhangea,  especially  a  fatty  transformation,  and  either  before  or 
after  birtli  are  cast  off,  leaving  a  single  layer  to  lino  the  alveoli 
and  to  carry  on  the  work  of  secrcftion  ub  described  above.  It 
is  generally  sup^wsed  that  these  atnid  cells  supply  the  so-called 


J 


612 


THE  NATURE  OF   MILK. 


[^BOOK    u. 


*  colostrum  cnrptutcleti '  characteristic  of  the  tirat  milk,  of  which 
we  aliatl  speak  pi'esontly. 

At  the  end  of  lactation  an  ahsorptMa  of  some  of  tJjB  alveoli 
takes  plucc;  mid  in  old  iif^v  still  further  ahsorption  goes  on 
with  ^reiit  diminution  of  the  luiiiinu. 

$  406.  In  the  lymplmtie  spauett  of  the  connective  tissue 
which  joins  together  the  lobules  of  various  sizes,  surrounds  tii« 
lobules  and  runs  in  between  the  projectinj^  blind  ends  of  the 
alveoli  within  the  lohulea  leucocytes  ai'e  numerous,  and  some 
of  these  may  make  their  way  tlirough  the  basement  membrane 
and  between  the  Kccreting  colls  into  the  cavities  of  the  alveoli 
and  so  ap[>o»r  in  thu  milk. 

§  407.  T/ti  nature  of'  milk.  Himian  milk  has  a  »|K;cifie 
gruvity  of  from  1-028  to  1-0^,  and  when  qnile  fresh  po«scs»o« 
a  slij^hlly  alkaline  reaction.  It  speedily  Iiecomes  aoid;  and 
cow's  milk,  even  when  quite  frenh.  is  sometimes  slightly  acid, 
the  cliange  of  reaction  taking  |>lace  during  the  stagnation  of 
the  milk  in  the  mammary  ducts. 

The  constituents  of  milk  are: 

1.  Proteidt,  viz.  casein,  and  an  albumin,  agreeing  in  its 
general  features  with  ordinary  sorum-alburaln.  but  whieli,  since 
it  is  said  to  differ  somewhat  in  its  solubilities  and  rotatory 
power  from  serum-albumin,  has  been  called  laalalhumtn.  The 
casein,  a»  we  have  seen.  §  IS.*),  undergoes  through  theataionof 
rennin  a  change  whereby  insoluble  casein  (tyrein)  makes  its 
appearance  and  the  milk  ia  curdled.  Casein  may  however  be 
precipitated  in  an  unchanged  form  by  saturating  milk  with 
neutral  salts,  or  by  the  careful  addition  of  acetic  acid  todilut«d 
milk,  or  by  first  adding  to  the  diluted  milk  a  slight  quonti^ 
of  acetic  acid  and  then  passing  through  it  a  stream  of  carbonic 
acid,  lu  the  tillntte  the  presence  of  the  laotnlbumin,  which 
occurs  in  small  and  variable  quimtities,  may  he  shewn  by  ooag;u> 
lation  with  heat,  or  by  piecipit.'ition  with  potassium  ferro- 
cyanide,  &c.  In  the  process  of  curdling  the  casein,  as  stated 
in  §  185,  appears  to  be  not  simply  changed  into  tyrein  but  to 
be  split  up  into  tyrein  and  into  another  proteid,  which  unlike 
the  lactulbumin  is  not  coagulated  by  heat  and  which  appears  to 
be  allied  to  albumuse.  This  or  u  similar  albumosc-likv  body  has 
also  been  found  in  small  qtiantities  even  in  milk  which  has  not 
curdled;  it  has  lieen  called  lactoprotein.  The  lactalbuiuin, 
though  coagulated  by  heat  when  isolated,  is  not  so  coagulated 
OS  it  exists  ui  the  natural  milk,  tlie  alkalinity  of  the  milk,  which 
is  increased  by  boiliitg,  preventing  this.  Similarly  casein, 
though  coagulated  by  heat  when  simply  suspended  in  water 
after  being  precipitated,  is  not  coagulated  by  heal  when  it  exists 
in  a  nutiind  condition  in  milk;  in  these  respects  eawin  behaves 
like  alkali-albumin,  which  it  rvsembles  in  other  features  also. 
HoDoe  milk  when  boiled  does  not  coagulate  as  a  whole,  though 
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in  the  supurficial  Uyvra  i;xpu»cd  to  the  uir  vliangL-s  taku  plac-e 
by  wliicti  »  lllm  or  HkJn,  ilorivoil  L'liiully  frum  tlu'  nlbumin  but 
pmKly  Iroiii  tlie  casoiu,  ttjiin-iiM  mi  the  surface;  if  thi»  be  re- 
moved a  fresh  portion  nnitergoea  the  same  cha>i^. 

2.  Fat*.  rhene  nre,  in  the  mnin,  palmitiii,  Hteariii,  and 
olein;  but  other  fata,  supplied  by  butyric  and  other  fatty  aeidn 
in  combination  with  glytierine,  accompajiy  the  above  in  small 
quautiticH.  In  this  rt-spect  the  fat  of  mdk  resembles  that  of 
aaipusu  tissuu.  Lucithin  and  cholosterin  are  aliio  preueiit  in 
very  »iii»ll  quantity,  a»  well  an  a,  yellow  eolourin^j  niattvr. 
The  fitt  present  in  milk  differs  in  diJTertfut  animals  a»  to  the 
relative  proportion  of  olein,  palmitin  and  stearhi.  iind  aa  to  the 
kinds  and  relative  amount  of  the  other  aeantier  fattt. 

The  raisture  of  these  fats,  fluid  at  ordinary  teraj>eratureft,  is 
present  in  natural  milk  in  the  form  of  globules  of  various  sizes 
but  for  the  most  part  e\eeedingly  small  (In  man  from  '2n  to 
5^).  Milk  is  in  faet  a  typical  omidsiou,  and  it  is  the  prescnee 
of  tlio  vascin  in  the  milk  which  brings  about  the  cuiulsion. 

Un  atandiiig  it  great  deal  of  the  fat  coUeuto  on  the  top  of 
ihe  milk  in  the  form  of  cream,  but  in  thi*i.  as  in  the  butter 
which  is  formed  from  it,  the  globules  are  still  discrete,  so  long 
at  least  as  the  butter  is  'fresh.'  By  the  use  of  a  centrifugal 
machine  nearly  the  whole  of  the  fat  may  be  separated  from  the 
plasma. 

S.  Milk  tugar  or  lacti>ae.  This  is  vmy  apt  to  undergo  (»r- 
meutation  into  lactic  acid,  through  the  agoncy  of  an  orgunizcd 
ferment;  the  milk  thus  becomes  sour,  and  the  casein  \a  precipi- 
tated in  a  llocculent  form  when  the  acid  is  produced  in  sufTicient 
quantity.  Since  the  change  will  take  plnoe  even  when  every 
care  is  taken  to  exclude  germs  from  the  atmosiihere  having 
access  to  the  milk,  the  organized  ferments  must  be  preaent  in 
the  milk  in  the  ducts  of  the  gland. 

4.  Saita.  Though  traces  of  urea  and  kreatinin  have  been 
not«d  by  some  ohservors,  the  extractives  of  milk,  beyond  the 
lecithin  and  eholestcrin  already  mentioned,  urv  insignilicant. 
The  MLlt«  arc  of  more  im|Kirtimce;  (Jiese  nre  ciiietly  calcic 
phcwphate,  of  whose  function  in  the  process  of  curdling  we 
spoke  in  §  185,  and  potassic  and  sodic  chlorides,  with  a  small 
quantity  of  magnesic  phosphate.  Sulphates  appear  to  be 
absent.  A  smalF  quantity  of  an  iron  salt  ia  present,  and  traces 
of  sulphonn'anide  have  been  observed.  Besides  the  phosphorns 
in  the  actual  form  of  phosphates,  milk  contains  a  further  con- 
siderable quantity  of  phosphorus  in  the  pnitvids  and  in  the 
nnelein,  as  well  an  some  sulphur  in  the  former.  The  inorganic 
constitnenlM  of  milk  may,  bnKidly  ajteaking,  be  said  to  aiffer 
distinctly  from  those  of  blood,  and  to  much  m(»e  nearly  re- 
semble tnofte  of  the  entire  body. 

The  composition  of  milk  in  the  ftame  animal  varies  widely 
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from  time  to  tim«,  uDil  busidui;  undergoes  markeil  changvs  dur- 
ing the  ])eni>d  of  laotatiun.  Tbv  relative  guin'rul  compOHttion 
of  human  milk  aud  that  of  tliii  ruw,  tlie  iiutre,  and  the  biwh 
may  perhaps  Ixi  shewn  l>y  the  foilnwinj;  tablo:  —  but  it  is  diffi- 
cult to  draw  an  average  since  the  individual  analyses  given 
differ  «o  mULh;  the  figures  civen  for  casein  and  fat  in  the  milk 
of  th«  bitch  may  b«  unusually  high. 

Average  CompoBition  of  JiSlk  in  Diferent  Animala. 


Womui. 

C«w. 

M*ra. 

tlllcb. 

Casein  &o.     2 

4 

2-6 

10 

Kato              2-76 

4 

2 

10 

Sugar            6 

4^ 

•6 

8^ 

Salta               -25 

•6 

•S 

•5 

Total  Solids 

10 

13 

10 

24 

Water 

90 

87 

90 

76 

The  qiuintity  of  milk  secreted  by  a  woman  in  twenty  hours 
at  the  height  of  lactation  has  been  oidculated  ut  700  to  800  cc. 
A  good  milch  cow  will  yield  about  10  Hti'es  of  milk  per  diem. 

§  408.  C'otottntm.  This  is  the  name  given  to  the  milk 
ae<:reted  at  the  beginning  of  a  period  of  lactation,  just  before 
and  for  some  days  after  parturition.  This  milk  differs  from  tht- 
subsequent  milk  in  microscopical  characters  and  in  chcmicul 
composition. 

When  ordimiry  milk  is  examined  under  the  micro«u;opu  hardly 
anything  is  »ccn  besides  the  fat  globules  except  a  very  few  imper- 
fect cells  or  portions  of  cells  consisting  of  cell-sulatance  more  or 
less  loaded  with  fat  and  containing  sometimes  a  more  or  less 
altered  nucleus,  A  few  minute  granules,  thought  by  some  Ui 
lie  particles  of  suspended  casein  or  uuclcin,  arc  however  also 
visible. 

Colostrum  on  the  other  hand  contains  a  large  number  of 
celts  or  corpuscles,  wliieb  have  been  colled  '  colostrum  corpus- 
cles.' Some  of  these  closely  resemble  leucocytes,  other*  are 
cither  cells  of  about  ihc  same  size,  round  or  irregular,  and  pos- 
sessing a  nucleus,  often  misshapen,  or  are  merely  portions  of 
cell -substance  without  a  nucleus.  In  all  of  them  the  cell-suti- 
stance  may  be  loa<le<l  with  fat  globules  or  may  be  fairly  free  from 
fat.  Some  of  these  cells  appear  to  l>e  undergoing  diaiutegration : 
some  may  at  a  favourable  temperature  exhibit  slow  amtpboid 
movement*,  and  must  then  at  leaat  \te  regarded  as  living. 

Colostrum  also  differs  from  ordinary  milk  in  containing  not 
only  a  large  quantity  of  albumin  f  lactalbuniin)  but  also  a  dei^ided 
amount  of  globulin.  In  cotuuiqucncc  of  this  colostrum  differs 
from  milk  inasntucb  as  it  is  distinctly  coagulated  by  beat. 

As  stated  above,  during  the  ntpid  growth  by  which  the  gland 
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ifl  enliirfred  preparatory  to  lactation,  th?  alveoli  are  at  fintt  Kolid 
maascs  of  cl-IIh  with  little  or  no  Itimen,  and  a  luincii  is  i^stablisliud 
sabsoqucntly  by  tbv  disc-liurgt-  of  ttic  cvutral  cells.  It  it>  iiitti- 
ally  supposed  that  tlie  cellti  xo  disc-bar^vd,  some  uiidfrfjoiiig 
niuob,  others  cnmparativelv  little  change,  supply  the  coloHtrnm 
corpmcles  just  spoken  of,  and  at  the  same  time  funiiKh  tlie 
elobaltn  and  exaetw  of  albtmiin  bIro  charaoterinric  of  coloHtruni. 
But  this  18  not  certain.  Tho  alveoli  at  thU  time  contain  pecul- 
iar rellH  reseinbling  colostrum  corpuscles  except  that  they  are 
free  from  fat;  ami  it  is  suggest<^(I  that  these  being  discharged 
and  taking  up  fat  in  amieboid  fjtshion  liccumr  colustnini  cor- 
puscles. Some  regard  the  colostrum  corpusoles  as  sinijily  leu- 
cocytes whicli  Iiave  similarly  t.ikeii  up  fat. 

§  409.  The  mammary  gland  ia  present  both  in  the  female 
and  the  male  child  at  birth  :  and  in  both  aexes  at  and  for  a  few 
days  after  birth  is  thrown,  in  common  with  all  the  other  secret- 
ing glands,  into  secretory  activity,  and  a  small  quantity  of  milk, 
the  "witches'  milk"  so  called  by  the  German^  is  discharged 
from  the  nipple.  This  milk  rvsemblc^  in  all  essential  features 
ttiu  milk  of  lactaliiiTi.     In  lioth  soxes  thiK  initial  iietivity  soon 

tiasses  olT.  the  glimd  in  the  female  fiii-ther  developing  at  pnl>erty, 
lut  in  tlie  male  remaining,  aave  in  oxtreptional  eaites.  in  ittt  infan- 
tile condition  or  somewhat  retrogratling. 

5  410.  Tbi-  gfcrttion  of  milk.  From  what  has  been  already 
said  it  is  obvious  that  the  secretion  of  milk,  while  resembling 
the  secretion  of  the  other  sccroling  glands  which  we  have  studied 
in  being  essentially  an  activity  of  the  epithelium  cells  lining  the 
alveoli,  nevertheless  present!^  oertain  iiil*Te*ting  features  «peeial 
to  itwlf.  If  the  account  given  in  §  4t>4  be  a  true  one.  mnrjtho- 
Ingieal  ohangei^  in  the  eells  are  more  prominent  than  in  the  ease 
of  other  glands;  and  we  may  interpret  the  appearances  there 
related  somewhat  as  follows.  When  the  discliarged  gland  with 
its  tow  epitbelinm  begins  the  work  of  loading,  tho  cells  distinctly 
*gTow.'  Their  cell-substauco  increases  in  bulk,  and  elongating 
projects  into  the  lumen  of  tlie  alveolus.  At  the  samv  time  Ibc 
nuclcux  divides  as  if  the  cell  were  about  to  give  birth  to  new 
cells;  hut  at  lirxt  at  all  events  no  di^-ision  of  the  oell-suliiitJLnoe 
takes  place,  and  the  new  nuclei  lie  imbedded  in  a  comnuin  ^ell 
body.  The  eell-sulistance  meanwhile  puts  on  secretory  activ- 
itr ;  it  deposits  in  itself  material  to  form  milk.  The  deposit 
of  fat  is  conspicuous  and  easily  recognised,  but  wo  may  wirly 
infer  that  tho  other  less  easily  dletinguished  proteid  and  carbo- 
hydrate mutcnals  are  deposited  in  the  cell -substance  in  a  similar 
fashion.  Then  follows  the  ejection  of  the  prepared  umtenal ; 
and  this  mav  take  phice  in  one  of  two  ways.  The  oil  gIohule« 
of  fat  may  be  jirotnided  from  the  cell-sHbstanee  much  in  the 
same  way  tliat  an  araa>ha  extrudes  its  excrement,  and  pot«sibIy 
other  conatituentB  of  milk  may  Iw  ejected  by  a  similar  method. 
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But  besiduti  thtH,  tim  dufurruil  evil  <livi)tioit  now  takos  place  in 
a  fioiiR-wliitt  impurfuet  fjuihioii,  so  that  {lortions  of  the  oM  cell 
vurryiiifl  nuclei  willi  tliein  oom«  iitdindei'  from  the  re«l  of  the 
uell  in  whioh  a  mickuR  iit  left,  and  lie  loone  in  the  lumen  of 
the  idvenluD;  portions  of  cell-oubHtance  free  from  nuclei  njipeurj 
iiitui  t4)  he  east  off.  Hero,  in  the  lumen  of  the  alveolus,  they 
rapidly  undergo  cIianRo ;  the  ccll-subittancc  i^  altered  and  dis- 
solveil,  aud  it«  load  of  prepared  material,  prohahly  undergoing 
in  the  act  «omu  further  chunge,  is  set  free,  tlie  nuclei  al^o  under- 
going chiuige  und  hecoming  idtimalely  broken  up.  Hence  the 
oonsiituents  of  milk  are  provided  for,  not  only  as  in  other  ghunU 
by  the  material  with  whii^h  the  cell  loada  itself  and  suhset^tiently 
disoharges  into  the  lumen  of  the  atveolua,  hut  also  by  the  actual 
Hubstaiice  of  itart  of  the  cell  itself.  The  characteristic  nuclein 
of  the  milk  has  thus  its  origin  in  all  prohahility  in  the  shed 
nuclei  of  the  secreting  cells,  und  we  may  pcrhiips  iufer  that  the 
still  more  churacleristio  casein  exists  in  milk  in  the  form  of 
cjisein  and  not  of  some  other  proteid  in  cotisequenoe  of  this 
intervention  of  the  actual  cell-substance  in  the  formation  of  the 
milk. 

The  secretion  of  milk  differs  from  such  a  secretion  ott  tlint 
of  saliva,  and  approaches  the  formation  of  sebum  inasmuch 
as  the  transformed  eell-subslunce  is  shed  IkxUIv  to  form  part  of 
the  milk.  We  say  form  part  of  the  milk  bei-ause  this  gross  mode 
of  secretion  is  uecom{ianied  by  the  mon.-  onliiiary  mode.  The 
ceils  are  at  the  same  cinie  in  the  more  ordinary  way  discharging 
into  tJie  lumen  water  holding  saline  and  other  constituents  in 
solution.     And  the  peculiar  features  of  milk,  aa  we  lOiall  see 

Ereaently.  correspond  to  tliis  double  mcKte  of  secretion.  Per- 
aps  however  wc  ought  not  to  call  it  a  double  mode,  for  the 
one  method  ivjilly  pas'ses  insensibly  into  the  other.  The  dis- 
chargo  of  sodium  cldoride  in  solution  from  every  kind  of  gland, 
of  mucin  from  a  mucous  ginnd,  of  oil  globules  with  a  protoid 
envelope  from  a  mammaiy  gland,  and  lastly  of  nnclcAted  loaded 
cell-siibritance  from  the  mammary  gland,  present  so  many  <lif- 
ferent  phages  of  tlte  same  act  of  secretion. 

§  411.  The  secretion  of  milk  then  would  appear  to  illus- 
trate, even  more  fully  and  clearly  than  do  other  glands,  the 
truth  on  which  wu  have  so  often  insistetl,  that  a  secretion  is 
eminently  the  result  of  the  metabolic  activity  of  tlto  secreting 
cell.  The  blood  is  the  ultimate  sour(«  of  milk,  but  it  becomes 
milk  only  through  the  acttYity  of  the  cell,  and  that  activity 
consists  largely  in  a  metabolic  manufacture  by  the  c«ll  and  in 
the  cell  of  the  common  things  hrought  by  the  blood  into  the 
special  things  present  in  the  milk.  Kx[KTimentid  results  tell 
the  stime  tale.  Thus  the  quantity  of  fat  present  in  milk  is' 
largely  and  directly  increnseil  by  prviU'id,  but  not  increased, 
on  the  contrary  dimlnislted,  by  fatty  food.     This  effect  oq  the 
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uuminHrv  j^Iund  in  jmrtit-ulEir  is  lit  iiccurdance  with  what  we 
ehsll  [ireMenily  Knirit  lo  lio  iho  (general  otTuc-t  on  the  body  of 
proU^iil  in  ci>ntrjist  to  llmt  of  fatty  food  ;  proteid  food  mcm»  to 
increasn  the  general  iiit'taholiis  afrtivity  of  the  body  whilt;  fatty 
food  tends  to  lessen  it.  Moreover  the  proteid  food  »eviuK 
actually  to  furnish  the  fat ;  and  we  have  already  suggesteii  » 
manner  in  whicli  proteids  may  give  rise  to  fat.  That  the  fat 
of  thu  mUk  lilted  not  DL-vcHsarily  come  from  the  fat  of  the  food 
is  shuwu  by  tlio  fullowiii};  vxpvrimL-tit.  A  bitch  fed  on  meai 
for  u  piveii  jwriod  guvo  off  more  fat  in  her  milk  thiiii  she  could 
po.*til>ly  have  tnken  in  her  food  :  and  lliis  inort-ovcr  took  place 
while  she  was  gaining  in  weight  and  'laying  on  fat,'  so  that 
she  could  not  nave  supplied  the  mammary  gland  with  fat  by 
simply  transferring  fat  from  the  store  previously  existing  in 
the  adipose  tissue  of  her  body ;  she  apparently  obtained  tJie 
fat  uUimaU:ly  from  tho  proteidn  of  her  food.  And  the  histo- 
logical facts  given  above  favour  the  vi«w  that  the  formation  of 
fat  out  of  proteids  in  such  cases  takex  place  in  the  cclln  of  the 
alveoli.  The  experimental  then  as  well  as  the  histological  evi- 
dence goes  to  shew  that  the  fat  of  milk  is  forme<l  in  the  cell 
and  by  the  cell,  and  is  not  simply  gathered  out  of  the  blood. 

The  casciD  in  a  similar  way  seems  to  be  formed  by  the  action 
of  the  cell.  It  cannot  be  gathered  out  of  the  blood  since  the 
blood  containii  no  real  cuHeln  ;  it  must  be  formed  in  the  gland. 
Some  observers  have  maiutitined  that  when  milk  is  kept  at  So", 
the  casein  is  increased  through  some  ferment  action  taking 
plnce  in  the  milk  itscU;  hut  this  HeciiiH  not  to  be  the  case,  and 
the  fonnation  of  casein  must  be  regarded  as  the  result  of  the 
action  of  the  cell.  Kven  the  albumin  present  appears  to  be 
not  the  ordinary-  serum-albumin  simply  passed  from  the  blootl 
through  the  eelf  into  the  lumen  of  the  alveolus,  but  the  slightly 
diffeniit  laetalbuinin.  We  may  perhaps  regard  the  albumin  as 
k-ss  ditlicult  to  manufacture  than  thu  casein ;  and  we  may  ex- 
plain tho  fact  that  relatively  to  the  iilbumin  the  casein  is  less  at 
the  very  begitiiiiug  aiul  especially  toward  the  end  of  lactation, 
by  Kiip]>osing  that  the  cell  has  in  the  first  case  not  got  into  full 
working  onler  and  in  the  !*econd  case  is  waning  in  jmwer.  The 
peptone-Hke  body  in  milk  though  small  in  quantity  is  a  further 
indication  of  the  proteid  metalwilism  taking  place  in  the  cell. 

That  the  milk-sugar,  lactose,  also  is  formed  in  and  by  the 
cell,  is  indicated  by  the  facts  that  it  is  found  in  no  other  part 
of  the  body,  and  that  its  presence  in  milk  is  not  dejieudent  on 
carbohydmte  food,  for  it  is  maintained  in  nbundanot?  in  the 
milk  of  caniivor.1  when  these  are  fed  exclusively  on  meat,  as 
free  as  possible  from  any  kind  of  sugar  or  glycogen.  A  glyco- 
gen-like  body  has  moreover  Iwen  described  as  existing  in  the 
evils,  and  it  is  suggested  that  this  body  is  the  antecedent  of 
tlic  lactose.     Wc  thus  have  evidence  in  the  mammary  gland 
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of  the  formation,  by  the  metabolic  activity  of  the  secreting  cell, 
of  the  representatiTeB  of  the  three  great  classes  of  food-staffs, 
proteids,  fats,  and  carbohydrates. 

§  412.  That  both  the  secretion  and  ejection  of  milk  are 
under  the  control  of  the  nervous  system  is  shewn  by  common 
enerienoe,  but  the  exact  nervous  mechanism  has  not  yet  been 
folly  Torked  out.  While  erection  of  the  nipple  ceases  when 
tlie  spinal  nerves  which  supply  the  breast  are  divided,  the  secre- 
tion continaes,  and  is  not  arrested  even  when  the  sympathetic 
■B  well  as  the  spinal  nerves  are  cut. 


CHAPTER  V. 


NUTRITION. 
SEC.  1.    THE  STATISTICS  OP  NtrTRITION. 

§  413.  Thu  jireoeding  chapter  bos  shewn  us  hov  wholly 
impoMible  it  is  at  ]>i'esetit  to  miuiter  the-  metiibolic  phuDotDena  of 
the  body  by  attomptitig  to  trace  out  forwaiils  or  biickwurds  the 
several  cbangvs  undurgoue  by  the  individual  constituents  of  the 
food,  the  body,  or  the  wasto  products.  Another  method  is 
howevur  open  to  us,  the  statimtical  method.  Wo  may  a«eertatu 
the  total  income  and  the  total  expenditure  of  the  body  during 
a  given  period,  and  by  comparing  the  two  may  he  able  to  draw 
concluaionti  concerning  the  changea  which  must  have  taken  ptaoe 
in  the  bodv  while  the  iucome  was  Wing  converted  into  the 
output.  Many  researches  bate  Ih-l-ii  eiirrivd  out  by  this  method : 
but  valuable  a»  arc  the  resultti  which  have  been  tlicrvhy  guined. 
they  must  be  received  witl)  caution,  since  iii  thi«i  metliod  of 
inquiry  a  i*niall  error  in  the  data  may,  in  the  process  of  cslcula- 
tiou  and  inference,  lead  to  mrwt  wrong  ooncluAions.  The  greai 
uHe  of  Huch  inqiiirieH  is  to  suggest  idea«,  hut  the  views  to  which 
they  give  rise  nw?d  to  be  venHed  in  other  ways  before  they  can 
acquire  real  worth. 

Composition  of  (he  Animal  Bodif.  The  firet  datum  we  require 
is  a  knowledge  of  tlic  composition  of  the  body,  >»  f or  ax  tlie 
relative  proportion  of  tlic  various  tissues  is  concerned.  In  the 
homan  body  the  proiKtrtions  by  weight  of  the  chief  tissues,  in 
the  fresh  state,  are  piobably  somewhat  as  follows: 


Adult  llML 

KcwtKim  Balqr. 

Skeleton 

15-9  px. 

17  ■'  p.c. 

Muscles 

<l-8  „ 

22-9  „ 

Thorado  viscera 

1-7    „ 

8-0  „ 

Ahilominal  visoera 

7-2   „ 

11-6  „ 

Fat 
Skin 

18-2  ,. 
6-9  „ 

200    „ 

Brain 

1-9  „ 
ei9 

15-8  ., 

I 


Ek«^ 


Atiaijmi 


tmdKt 


part  of  dM 


IbKta 


kdd 


Ol     ne  JkOTTCiy  AMTyL    Befoe  ■onptn^  to  sta^l 
df  fiood.  it  viD  be  vcM  lo 
a  bodywheBsIl  faoJ  b  wiihh^M 
vanned  far  U4m.    At  the 
WW  |iii««wiil  to  ten  tke 
at  Ae  doM  irf  d»  pmod  m  £net ! 
FnND  this  it  ■ppcaiaJ  that  dorbc  the 
had  lort  7M  g»wn  of  tofid  mCwU.  of 
and  llfh2  BMcle,  the  remainder  betw  dennd  &iai  the  i 
The  peRcetagea  oi  drjr  aelBi  aatter  ket  I7  ihe  i 
*'        1  dsrii^  the  penod  were  aaMlMB: 


AdipoattiMBt 

97-0  p«. 

Spieea 

65-1   - 

liver 

Sfrfi  « 

Mawka 

80-2  „ 

Blood 

n-a  „ 

Bnio  sad  spinal  cord 

W)  „ 

Tfatu  the  IffiB  daring  Btarvatioa  fell  most  heavily  00  the  I 
ladeed  nearly  the  whole  of  this  disamwared.  Xext  to  thai 
the  glandular  orf^nnit.  the  tisanea  -nrfatcn  m  hare  seen  to  bet 
Dently  metabolic.  .HufTervd  focMrt-  Then  come  the  mascbail 
in  to  say.  the  skeletal  n)iLwle«.  for  ihe  If***  in  like  heart  w 
trifling :  ohriously  this  organ,  on  account  of  its  inpottaM 
carrying  on  the  work  of  the  economy,  was  spared  as  ntA 
poarible :  it  wis  in  fact  fed  on  the  rest  of  the  body.    The '. 
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remiLrk  applies  to  thu  bniiii  and  spinttlcord;  in  oid«r  tbat  Iif« 
might  be  proloiigv<l  an  niuoh  as  jiosflible,  lliese  iini>ortant  oi^an« 
were  notirislied  i>y  matenal  drawn  from  less  noble  or^n-t  and 
Uasue^.  Tlie  blood  suffered  proportionally  to  the  general  body- 
wante.  Ijeoomiiig  gradually  lesa  in  bulk  but  retaining  the  fiame 
spedlic  gravity;  of  the  totid  dry  protc-id  coustitucuts  of  the 
body  17-8  p.c.  was  ln»t.  wbiuh  agrucs  very  closely  with  the 
IT'b  p.u.  dry  niaUirinl  (alnio»t  wholly  protvid)  lo»t  by  thv  blood. 
U  is  worthy  of  remark  that  the  tissues  in  geneml  betiamv  mortt 
watery  than  in  health.  Similar  obftervRtiona  on  other  anImaU 
have  led  to  Hiniilar  resulti,  the  chief  diiiicordance  being  that  in 
(tome  canes  the  bones  have  suffered  considerable  loss,  in  othem 
comparatively  little.  We  might  be  inclined  to  infer  from  these 
data  the  conclusions  that  nietabolism  is  most  active  in  the  adi- 
pose tissue,  next  in  such  moUbolic  tissuvH  as  thu  hepatic  c«llit 
and  spluen-pulp,  thcu  in  the  muscles,  and  so  on ;  but  we  have 
no  wari-ant  for  these  conolunioris.  Itecaii.-«e  the  ]m»  of  cardiac 
and  nervous  tisnue  was  so  small,  we  must  not  therefore  infer 
that  their  metal>oliKm  was  feeble;  they  may  liave  undergone 
rapid  metabolism,  and  yet  have  been  ]>reserved  from  loss  of  suly 
stance  by  their  drawing  uimn  other  tissues  for  their  material. 
The  great  loss  of  adipose  tissue  is  obviously  to  be  explained 
b)'  the  f:ict  that  that  tissue  is  essentially  a  storehouse  of  mate- 
rial, and  the  similarly  great  though  less  loss  in  the  spleen  and 
liver  indicates,  as  indeed  the  wet*  recorded  in  the  previous 
chapter  suggest,  that  these  organs  too  serve  in  pert  as  store- 
houses. 

During  this  starvation  period,  the  urine  contained  in  the  form 
of  urea  (and  that  practically  represents  all  the  nitrogen  of  tb« 
urine)  27'7  grammes  of  nitrogen.  Now  the  amount  of  muscle 
which  was  lost  during  tlie  period  oooUiined  about  16'2  of  nitrogen. 
Thus,  more  tlian  half  the  nitrogen  of  the  output  during  the 
starvation  period  mu»t  have  come  ultimately  from  the  nit-Ui holism 
of  muscular  lis.'^ue.  Tiiis  fact  we  have  already  used  in  diitcn.ss' 
ing  the  history  of  urea  and  shall  have  occasion  to  make  further 
use  of  it  hereafter.  The  amount  of  urea  excreted  [ler  diem  has 
been  observed  in  some  cases  to  fall  very  rapidly  during  the  fintt 
day  or  two  of  starvation,  and  then  to  diminish  graduaUy.  though 
often  shewing  considerable  irregularities.  In  other  cases  no 
such  large  initial  full  has  been  observed.  It  is  most  marked  in 
aiiinmK  which  have  been  well  fed  iK-Core  the  beginning  of  the 
KtarvatJon,  es]>ecially  in  those  which  have  had  a  rich  nitrogenous 
diet;  and  the  dischargu  in  iheHc  CASct  of  an  extra  quantity  of 
urea  in  the  firal  <lay  or  two  is  obviously  connected  with  that 
immediate  effect  of  food  on  the  excretion  of  urea  to  which  we 
Ijave  already  (§  885)  referred  and  to  which  we  shall  have 
to  return  in  speaking  of  what  is  known  as  ** luxus-consump- 
tion." 
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Compariaon  of  Income  and   Oitlpul  of  Material. 

§  416.  Method.  W«  liavc  uow  to  inquire  how  the  elements 
of  food  are  distributiMl  lu  the  cxcrotH.  in  order  that,  from  tJie 
manner  of  tliv  dislribiitinn,  wt;  miiy  infer  the  nature  of  the 
intermcdiatu  sliijjes  which  takft  place  within  the  body.  By 
compariiif^  the  iiigesU  with  the  excreta,  we  eliall  learn  what 
elvuiviils  liave  hrien  retained  in  the  liodv;  and  what  elements 
appenr  in  tlie  excreta  which  were  not  present  in  the  food  ;  from 
these  we  may  infer  the  changes  which  the  body  has  undergone 
tlirough  the  influence  of  tho  food. 

In  the  first  placL%  the  rL-a)  income  must  he  distinguished 
from  the  apparent  one  by  the  subt racl ion  of  tho  fiwces.  We 
have  seen  that  by  far  the  gruuter  part  of  the  fanes  is  undigested 
matter,  i.e.  food  wliioh,  though  phiced  in  the  alimentary  oanol. 
has  not  really  entered  into  the  body.  Tlie  share  in  the  fieocs 
taken  up  by  matter  which  has  been  excreted  from  the  blood 
into  the  alimentary  canal,  is  so  small  that  it  may  be  neglected ; 
certainly  with  regard  to  nitrogen,  the  whole  quantity  of  this 
element,  which  is  present  in  the  fieccM.  may  be  regarded  as 
indicating  simply  undigested  nitrogenous  matter. 

The  income,  thus  (.'orreet^Hl,  will  consist  of  so  much  nitrogen, 
carbon,  hydrogen,  oxygen,  sulphur,  phosphorns,  saline  matters, 
and  water,  contained  in  the  prnteidi*,  fats,  carbohyd rates,  salt*, 
and  water  of  the  food,  togetlier  \vith  the  oxygen  absorbed  by 
the  hingH,  skin,  and  alimentary  canal.  The  output  may  be 
regardetl  as  consisting  of  (1)  the  respiratory  products  of  the 
lungs,  skin,  and  alimentary  caniil.  consisting  chiefly  of  carbonic 
acid  and  water,  with  small  quantities  of  hydrogen  and  car- 
biirettod  hydrogen,  these  two  latter  coming  t'xclusivoly  from 
the  alimentary  canal ;  (2)  of  pempiration,  consisting  vhieQy  of 
water  and  saltM,  for  llie  dubious  excretion  (see  §  3.50)  of  urea  by 
the  skiu  may  l«s  neglected,  and  the  other  organic  constitnenut 
of  sweat  amount  to  very  little :  and  (8)  of  the  urine,  which  is 
assumed  to  contain  all  the  nitrogen  really  excreted  by  the  b«idy, 
besides  a  large  quantity  of  saline  matters  and  of  water.  Where 
great  accuracy  is  required  the  total  nitrogen  of  the  urine  ought 
to  Ih!  determined  ;  it  is  maintained,  however,  that  no  errors  of 
KCrions  importuuco  arise  when  the  urea  alone,  as  determined 
liY  l.iebig's  loethod  (which  was  largely  used  in  the  researches 
fdiining  the  Ijasis  of  the  present  discussion),  is  taken  A8  the 
measure  of  the  total  quantity  of  nitrogen  in  the  urine,  since,  in 
this  method,  other  nitrogenous  bodies  besides  nrea  are  precipi- 
tated, and  so  contribute  to  the  quantitative  result.  It  has  lieen 
ami  indeed  still  is  debated  whether  the  boily  raay  not  suffer 
loss  of  nitrogen  by  other  channels  than  by  the  urine  and  fiecea. 
whether  nitrogen  may  not  leave  tlie  body  by  the  skin  or  inih-ed 
in  ft  gaseotw  state  by  the  lungs.     The  balance  of  the  eoittUcting 
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«vi(l«»ce  seems  howdver  in  favour  of  the  view  that  no  such  Iors 
takvit  pUce.  It  would  uppuar  that  tliDU^h  nitrugcn,  the  pivot, 
no  to  «peak,  of  the  chvmiciLl  chant's  of  living  beia)^.  formn  so 
lame  ft  portion  of  tlie  utmusphcrt:  and  inoreovor  is  physically 
diffused  through  the  V»odie»  of  hotli  plants  and  »niinub,  free 
nitrogen  i«  of  no  chemical  iwe  to  either  of  them.  It  enters  into 
and  remaioH  in  their  bodies  mt  an  inert  nnbtttauce.  and  the  nitrogen 
which  leaves  a  plant  or  animal,  in  a  ga.seoua  state,  is  sini]>ly  a 
part  of  the  same  inert  supply  and  does  not  como  from  the  break- 
ing up  of  tilt!  nitrogenous  substances  of  thv  body  or  of  the  food. 

Of  tliCBe  elements  of  the  iiicomu  and  output,  the  nitrogen, 
the  oarlion,  and  the  free  oxygen  of  resjiiration  are  by  far  the 
nio.'^t  inijiortant.  Since  wat^r  is  of  use  to  the  bixly  for  merely 
mechanical  purposes,  and  not  solely  as  food  in  tlie  strict  sense 
of  the  word,  tno  hydrogen  element  becomes  a  dubious  one, 
the  sulphur  of  the  proteids  and  the  phosphorus  of  the  fats  are 
insignificant  in  amount ;  while  the  sulino  mutters  stand  on  a 
wluilly  different  footing  from  the  other  parts  of  food,  inasmuch 
as  they  are  not  sources  of  energy,  aud  pass  Ihrougli  the  body 
with  i;ornp)i(atively  little  change.  The  body-weight  must  of 
eourse  ho  carefully  a.scertained  at  the  l>eginning  and  at  the  end 
of  the  perioil,  correction  being  made  where  possible  for  the  fieces. 

It  will  be  seen  that  the  labonr  of  such  inquiries  is  con- 
siderable. The  urine,  which  must  bo  carefully  kept  separate 
from  tho  faeces,  requires  daily  mcasurt-ment  and  analysis.  Any 
loss  by  the  skin,  either  in  the  form  of  sweat,  or,  in  the  vase  of 
woolly  animals,  of  hair,  must  he  estimated  or  acoounlvd  for. 
The  food  of  the  period  latist  be  as  far  as  po.ssihle  uniform  in 
cliaracter,  in  order  that  the  analysea  of  specinienii  may  serve 
faithfully  for  calculations  involving  the  whole  quantity  of  food 
taken ;  and  this  is  especially  the  casu  when  the  diet  is  a  meat 
one,  since  portions  of  meat  differ  so  much  from  each  other. 
But  tho  greatest  ilifheulty  of  all  ties  in  the  estimation  of  the 
carbonic  acid  produced  and  the  oxygt-n  consnmtxl.  In  some 
of  tliB  uarlicr  reseiirches  this  factor  wa,t  neglected  and  the  varia- 
tions occurring  were  simply  guessed  at.  through  which  very 
serious  errors  were  introduced.  No  coropartimn  of  income  and 
output  »in  be  considered  satisfactory  unless  at  least  the  carbonic 
acid  produced  l»e  directly  measured  by  means  of  u  respiration 
ofaamoer.  And  in  order  that  the  comi>arisou  shouM  be  really 
complete,  the  water  given  off  by  the  skin  aud  lungs  must  be 
directly  measured  also  ;  hut  this  seeuiK  to  be  more  difficult  than 
the  determination  of  the  carbouit;  acid. 

In  the  plan  ori|{iiialIy  adopted  by  Regnanit  and  Reiset  and  fol- 
lowed bj  some  other  observere.  the  animal  experimented  on  is 
allowed  to  breatbia  a  limited  aud  measured  atmosphere.  The  cat^ 
booic  aoid,  aa  fast  aa  it  is  formed,  is  fixed  aad  renrnved  by  a  strong 
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solution  of  rawstie  potaah,  and  the  normal  percentage  of  osygen  in 
tU«  atmosphere  is  uiaintained  by  a  supply  of  this  g-as  from  a  ga«- 
holder.  lu  this  way  both  the  oxygen  consumed  and  the  carbonic 
aoid  produced  are  directlff  determined,  while  the  continual  supply 
of  fresh  oxygen  prevents  any  evil  effects  due  to  breathing  a  contined 
portaon  of  air,  lu  order  however  to  avoid  all  possible  errors  arising 
from  a  too  restricted  atmosphere  a  different  method  has  been  adopted 
by  Pettenkofer  and  Voit.  Their  upparatus  consists  essentially  of 
a  large  chamber,  capable  of  holding  a  man  comfortably.  By  means 
of  a  steam-engine  a  current  of  pure  air,  measured  by  a  gasometer, 
is  drawn  through  the  chamber.  Measured  portions  of  the  outgoing 
air  are  from  time  to  time  withdrawn  und  analyzed;  and  from  the 
data  afforded  by  these  analyses,  the  amounts  of  L-arbonic  acid  (and 
other  gases)  and  of  water  givci:  off  by  the  occupant  of  tho  chamber 
durilig  a  given  time  are  dctermitiod.  The  oxygen  consumed  is  not 
determined  directly ;  but  if  the  total  amounts  of  carbonic  acid  and 
of  water  given  out  by  the  lungs  and  skin  arc  ascertained  and  the 
amount  of  urine  and  fxtcfs  known,  the  iiiiantity  of  oxygen  consumed 
may  be  arrived  at  by  a  simple  calculation.  For  evidently  the  diffe^ 
enoe  between  the  tprminiil  weight  plus  all  the  cgcstit  and  the  initial 
weight  plus  all  the  ingesta  can  be  notliing  else  than  the  weight  of 
the  oxygen  absorbed  during  the  period.  This  method  in  turn  how- 
ever is  also  nper  to  objections,  s)iice  minut*!  errors  in  the  analyses 
of  tho  smivll  samples  <if  air  employed  tor  the  detcnni nations  attain 
considerable  dimensions  when  these  are  multiplied  so  as  to  give  the 
changes  in  the  whole  ntass  of  air  pissed  through  the  app:irutu9.  It 
seems  moreover  undesirable  to  leave  the  quantity  used  of  ao  impoi^ 
taut  an  element  as  oxygen  to  be  determined  by  indirect  calculations. 

Let  ua  imagine,  then,  an  experiment  of  this  kind  to  have 
been  completely  carried  out,  that  the  animal's  initial  and  ter- 
minal weights  lia%'e  been  accurately  dcturminod,  tho  compoai* 
tiou  of  tliu  fuud  sutisfaetorily  known  to  cuiisist  of  so  much 
proteid,  fut,  carholiydrates,  saltit,  and  wuter,  und  to  contain 
eo  much  nitrogen  and  carbon,  Uie  weight  of  the  fieoea  and  tho 
nitrogen  thej  contain  ascertained,  the  nitrogen  of  the  urine 
det«rmined,  the  carhonic  acid  and  water  given  off  by  the  wliole 
body  carefully  measured,  and  the  amount  of  oxygen  abaorbed 
calculated  —  what  interpretation  can  bo  placed  on  the  results? 

Let  us  suppose  that  the  animal  has  gained  w  in  weight 
during  the  period.  Of  what  does  w  consist?  Is  it  fat  or  pro- 
teid material  which  has  been  laid  on,  or  simply  water  wliich 
hats  been  retained,  or  some  of  one  and  eonie  of  the  other  ?  Let 
UH  further  suppose  that  the  nitrogen  of  the  nrine  passed  during 
tho  period  is  less,  say  by  x  grammes,  than  the  nitrogen  in  the 
food  taken,  after  deduction  of  course  of  the  nitrogen  in  tli« 
fiucos.  This  means  UiaL  x  gnimmcs  of  nitrogen  have  tieen 
retained  in  the  body;  and  we  may  with  reason  infer  that  they 
have  been  retained  in  the  form  of  proteid  material.  We  may 
even  go  farther  and  say  that  they  are  retained  in  the  form  of 
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*  flBsh,  i.e.  of  muscle.  In  tliiH  inference  we  are  going  somewhat 
bt-yond  our  Utthur,  for  the  nitrogen  miglit  be  Btored  up  as  some 
prul«id  cou^titiieut  of  the  liemtic  celU  or  of  «r>nie  other  tiMUe; 
indeed  it  migbt  Ite  for  t)ie  while  retained  in  the  form  of  some 
nitrogenouii  crystalline  body.  Hut  tbis  last  event  is  unlikely; 
and  if  we  use  the  word  '  Sesb '  to  mean  nitrogen  (proteid) 
holding  living  HubHtance  of  any  kind,  wc  may  without  fear  of 
any  grcut  error  reirkou  the  dutieicncy  of  x  ^mmmoK  nitrogen 
aa  tndiL-at ini;  the  stunug  up  of  a  gruuimes  nesli.  There  still 
rcuuiiu  w  —  a  ^riiumi^s  of  iucreajne  to  be  accounted  for.  Let 
us  suppose  tliut  the  total  carlmn  of  the  egexta  has  been  found 
to  be  y  grammes  lexs  than  that  of  the  ingesta;  in  other  words, 
that  If  grammea  of  carbon  have  been  stored  up.  Some  carbon 
hati  been  Htored  up  in  the  fleab  with  the  nitrogen  juat  contud- 
ered;  this  we  must  deduct  from  y,  and  wc  abaU  then  have 
y'  grammes  of  carbon  to  account  for.  Now  thvrc  are  only  two 
prlucipiil  forms  iu  wbich  ciirbun  can  be  stored  up  in  the  body: 
as  glycogen  or  hs  ftnt.  The  former  is  even  in  most  favuuruble 
cases  inconisiderable,  and  we  therefore  cuniiot  err  greatly  if  we 
consider  the  retention  of  y'  grammes  carbon  as  indicating  the 
laying  on  of  b  grammes  fat.  If  a  +  i  are  found  equal  t<)  w. 
then  the  whole  change  in  the  economy  ia  known;  if  tc  —  f  a  +  A) 
leaves  a  residue  c,  we  infer  that  in  addition  to  the  laying  on 
of  llcsh  aud  fat  some  wat«r  has  been  retained  in  the  system. 
If  «J  —  (a  +  A)  gives  a  negative  quautity,  then  water  must  have 
been  given  off  at  the  same  time  thai  flesh  and  fat  were  laid  on. 
In  a  similar  way  the  nature  of  a  lo8S  of  weight  cau  be  ascer- 
tttined,  whether  of  fle-sli,  or  fat,  or  of  water,  and  to  what  exteut 
of  each.  The  careful  comparison,  the  debtor  and  creditor 
acctmnt  of  income  and  output,  enables  us.  witli  the  cautions 
rendered  necessary  by  the  assumptions  just  now  mentioned,  to 
infer  the  nature  and  extent  of  the  bodily  changes.  The  results 
thus  gained  ought  of  course,  if  an  account  is  licpt  of  the  water 
taken  in  and  gtvcu  out,  to  agree  with  the  amount  of  oxygen 
consumed,  and  ulsu  to  tally  with  the  oouclusious  arrivwl  at 
concerning  tlic  retention  or  the  reverse  of  water. 

Having  tiiu.t  xtiidioil  the  method  and  seen  ita  weakness  as 
well  as  its  strength,  we  may  briefly  review  the  resulta  which 
have  l>een  obrained  by  its  means. 

§  416.  Nitrogenout  Mftabolitm.  When  a  mwd  of  lean  meal. 
as  free  as  possible  from  fat.  is  given  to  a  dog.  which  has  pre- 
viously been  deprived  of  food  for  M>me  time,  and  whosv  body 
therefore  is  greatly-  deficient  in  flesh,  it  might  W  exjieeted  that 
the  larger  part  of  the  food  would  l>e  at  once  stored  ujp  to  supply 
presaing  deficiencies,  and  that  oidy  the  smaller  part  would  he 
immediately  worked  off  as  urea  corresponding  to  the  nilnige* 
nous  metabolism  going  on  in  the  body  at  the  time,  increasied 
suDiewhat  by  the  labour  thrown  on  the  economy  by  the  very 
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prescuco  of  the  foocl.  This  however  U  not  the  case  as  far  as  the 
iiitro^-ii  of  iliK  iiietLl  is  c-onccriiud;  the  largor  portion  passes  off  as 
uriiaul  ouvi\  and  only  »  coiripiirutivoly  uinull  quitntity  is  rctuin(.-d. 
If  the  diet  be  onnlinued,  unii  we  uru  supposing  tliu  uiL-aU  pivt-n  to 
be  iiirge  ones  ihf  proportion  of  the  nitrojjcii  wliich  is  (riven  of! 
in  the  form  of  urtii  coes  on  innvnsing  until  at  hwt  a  condition 
ia  eatablishtid  in  wliicn  the  nitrogen  of  the  egesta  exactly  equals 
that  of  thf  iugcsta.  This  condition,  which  is  spoken  of  as 
"  nitrogL-uous  t-cpiilihriutn"  is  attained  in  dogs  with  an  exclu- 
sively inecit  divt  uidy  when  lurge  tjuiuititics  of  food  are  given, 
nnd  is  not  easily  iniiintnined  fur  ai]y  length  of  time.  Thv  exact 
quantity  of  meat  required  to  attain  uitrogeuuus  etpiilihriuni 
varies  with  tiie  previous  eoiiditiou  of  the  dog;  eiiuilibriuin  is 
frequently  attained  when  loOO  iir  IKOO  grins,  of  meat  are  given 
daily. 

Thus  the  moat  striking  effect  of  a  purely  nitrogenous  diet  i» 
largely  to  increase  the  nitrogenous  metaholisra  of  the  body ;  and 
we  shall  see  later  on  that  it  increases  the  metaholism  not  only 
of  the  nitrogenous  hut  also  of  the  other  const  itut-nts  of  the  body. 

The  estuhlisliinent  of  nitrogenous  equilibrium  does  not  menu 
Uiat  a  body-fquilibrium  is  cstiiblished,  that  the  lK)dy-weight 
neither  increases  nor  diminishes.  On  the  eoiitrary,  when  the 
meal  necessaiy  to  balance  the  nitrogen  is  a  large  one,  l)te  body 
though  it  ia  neither  gaining  nor  loiung  nitrogen  may  gain  in 
total  weight ;  and  the  increase  ia  proved  by  calculation  from 
the  income  and  output,  and  indeed  by  actual  examination  of  the 
body,  to  be  due  to  the  laying  on  of  fat.  The  imiount  so  stored 
up  may  be  fiir  greater  than  eaji  possibly  be  acconnt*-<l  for  by  any 
fat  still  adhering  to  the  meat  given  as  food.  We  are  therefore 
driven  to  the  conclusion  tJiat  the  proteid  food  is  split  into  «  ureu 
moiety  and  a  fatty  moiety,  that  the  urea  moiety  is  at  once  dis- 
charged,  and  that  such  of  the  fatty  moiety  as  is  not  made  use  of 
directly  by  the  body  is  stored  up  as  adi[Jose  tissue.  And  this 
disruption  of  the  proteid.  as  we  have  already  (§  385)  suggested, 
explains  at  the  same  time  why  the  meat  diet  so  largely  and 
immediately  increases  the  urea  of  the  cgcHta. 

This  characteristic  eflfect  of  protvid  fooil  to  iucrease  the 
inetal>olism  of  the  body  is  shewn  on  other  animals  besides  the 
dog,  and  not  only  by  means  of  calculations  of  what  is  supposed 
to  take  place  in  the  l>odv,  but  niliui  by  direct  analy^s.  Thus  the 
analysis  of  the  body  of  a  pig,  which  had  been  led  on  a  known 
diet,  compared  with  the  analysis  T,vith  that  of  another  pig  of  the 
same  litter,  killed  at  the  time  when  the  lirst  was  put  on  the  fixed 
diet,  gave  as  a  result  that  of  the  dry  nitrogwnoiis  material  of  Ihv 
food  only  about  7  p.e.  was  laid  up  as  dry  proteid  matcrinl  during' 
the  fattening  period,  though  the  amount  of  prot«id  food  was  low. 
This  contrasts  utroiigly  with  the  amount  of  fat  storeii  up  during 
the  sanie  period  (see  §  400).     Similar  obser^-ations  carried  out 
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on  flheep  showed  tlmt  in  tlii«c  fuiimiils  the  storiiig  up  of  nitro- 
genous iniitcrinl  wuo  vvcu  li:its,  only  about  -1  p.e.  of  that  given 
in  tliu  fuu(t. 

Every  qvwiititv  of  jiroteid  material  Vaken  into  the  alimen- 
tary canal  thiLt  appeal's  to  affect  proleid  metabolism  in  two  ways. 
On  the  one  hand  it  excites  a  rapid  prut«id  metabolism  giving; 
rise  to  an  immediate,  and  generally  larps  increcuae  of  urea;  on 
the  other  IiiiikI,  it  Hcrves  to  uiuiiitaiii  itiu  morv  regular  uormal 
proteid  inotstlxiliHui  cuntliiuitlly  taking  place  iu  the  body,  and  so 
contriljut'us  to  the  nonnid  regular  <li.te)inrge  of  urea.  It  nccms 
very  natural  to  suppose  that  the  proteid  which  plays  the  finrt  of 
these  two  parts  is  not  really  built  up  into  the  tiswuea,  does  not  be- 
come actual  living  substance,  but  undergoes  the  changes  which 
give  rise  to  urea  outside  the  aotual  living  suhstance  in  the  blood 
or  elsewhere ;  and  we  have  seen  that  under  the  influence  of  the 
pancreatif  juice  some  of  the  proteid  food  may  midcrgo  the 
greatvr  part  of  such  a  change  while  it  is  as  yet  within  the  ali- 
mentary canal.  Hence  has  arisen  (he  very  natural  distinotiou 
to  which  we  have  already  alludeJ  between  "' tissue  proteids"  or 
"  morphotie  proteids  "  wliicii  are  actually  built  wp  into  the  living 
substance  of  the  tissues  and  give  rise  to  urea  through  the  metab- 
olism of  living  substance. and  "circulating  prottius"  or  "float- 
ing proteids"  which  do  not  at  any  period  of  their  career  within 
the  Body  become  an  integral  part  of  the  living  substance  and  by 
their  metalwHsm  set  frou  energy  not  in  (lie  way  of  vital  mam- 
festatiuns  but  >n  the  fonn  of  heat  only.  We  shall  later  on  con- 
sider what  ix  the  exact  meautug  which  we  ought  to  attach  to  llit; 
words  "lieeoming  part  of  the  living  mihstance;"  and  hence 
shall  <tefer  until  then  any  dbcusAion  of  the  appropriateness  of 
these  phrases  and  of  the  validity  of  the  distinction  which  they 
formulate. 

It  was  once  thouglit.  as  we  sliall  presently  see  erroneously. 
that  the  exclusive  purpose  of  prot«id  food  wax  to  supply  the 
prot«id  tissues,  and  that  all  the  energy  set  free  in  tite  body  in 
vital  mauife^tulions,  such  as  movement  ami  the  like  as  disiin- 
gui.she<l  from  heat,  had  itH  origin  in  proteid  metabolism,  the 
nictuholisnt  of  fats  and  «arbohydrate«  giving  rise  to  heat  only. 
Hence  when  it  first  became  known  that  a  certain  proportion  of 
proteid  food  api>arently  underwent  a  metabolism  giving  rise  to 
neat  only,  without  becoming  part  of  the  tissues,  this  seemed  to 
bea  wasteful  expenditure  of  precious  material ;  and  the  metab- 
olism of  this  portion  of  proteid  food  was  accordingly  spolfeu  of 
a8  a  "  I  iixus-con sumption,''  u  wasteful  consuiiiptioii. 

f  417.  T/ie  JiffeeU  of  Fatttf  arid  of  C'ir/»'/iylrate  Food.  Vn- 
like  thoAe  of  proteid  food,  the  effecta  of  fats  and  c-arboliydrates 
cannot  be  studied  alone.  When  an  animal  is  fed  simply  on 
non-nitrogenous  food,  death  soon  takes  place ;  the  food  rapidly 
ceases  to  be  digested,  and  starvation  ensues.     We  can  tnerc- 
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fore  only  atudy  the  initritiv'e  effects  of  ttiCMu  aubetunccd  when 
tliey  are  taken  together  with  proteid  material. 

When  a  sninll  quantity  of  fat  is  t^keii.  in  compuny  with  ■ 
fixed  moderate  quantity  of  proteid  material,  the  wnole  of  the 
carbon  of  the  food  reappuare  in  the  egesta.  No  fat  is  »torud 
up:  some  eveu  of  the  previously  existing  fat  of  the  hody  may 
bo  consumed.  Ax  the  fat  of  the  luciil  is  inereased,  a  point  is 
«uou  reuefied  ut  wliieh  curlioii  Is  relainud  iu  the  body  as  fat. 
So  also  with  starch  or  sugar;  when  the  quantity  of  this  is 
«mu]l,  there  is  no  retention  of  carbon ;  as  soon  however  as  it 
is  increai^ed  beyond  a  certain  limit,  i^arbon  is  stored  up  in  the 
form  of  fat  or,  to  a  smaller  extent,  aa  glycogen.  Fats  and  eur- 
bohydratefl  therefore  differ  markedly  from  proteid  food  in  Uiut 
they  are  not  bo  distinctly  provocative  of  metabolUni.  This  is 
exceedingly  well  shewn  in  the  results  ubtaineil  on  the  nig  pre* 
viously  mentioned.  It  was  found  that  47'2  luiitfi  of  fat  were 
laid  uu  for  every  100  units  uf  fut  tnkeii  iis  such  in  the  food 
(which  cuusisting  of  barley-meal,  &e.  ennt^iiied  a  very  small 
amount  of  actual  fat),  while  for  every  100  units  of  the  total 
dry  non-nitrngenoUR  food  including  fat,  eitareh,  cellulose,  &c., 
no  less  than  21  units  were  retained  in  the  hody  in  the  form  of 
fat.  No  clearer  proof  than  this  could  be  afforded  that  fat  is 
formed  in  the  hody  out  of  something  which  is  not  fat.  In 
§  401  wo  have  already  disiussud  this  formation  of  fat  out  of 
carbohydrates. 

As  one  might  imagine,  the  presence  of  fat  or  carbohydrates 
in  the  food  is  found  to  decreaHe  the  amount  of  prnU:id  nuiterial 
necessary  to  estahliah  nitrogenous  equilibrium.  Kor  institno«, 
with  a  diet  of  800  grms.  meat  and  160  grms,  fat,  tlie  nitrogen 
in  the  egesta  became  equal  to  that  iu  the  ingesta  in  a  dog,  in 
whoete  case  1800  grms.  meat  had  to  bo  given  to  produce  the 
same  result  in  the  absence  of  fals  or  carboliydrat<!s. 

On  the  other  hand,  it  wits  found  that,  with  a  fixed  quantity 
of  fatty  or  earbohydratv  fond,  an  increase  of  the  Hccompanying 
proteid  led  not  to  a  storing  up  of  the  surpliui  earlxin  contained 
in  the  extra  quantity  of  proteid,  hut  to  an  increase  in  the  t^m- 
snmption  of  carbon.  Proteid  food  increases  not  only  proteid 
but  also  non-nitrogenous  metabolism.  This  explains  how  an 
excess  of  proteid  food  may.  by  the  increase  of  general  metabo- 
lism, actually  reduce  the  fat  uf  the  hody. 

We  have  at  prcscut  no  exact  information  concerning  the 
nutritive  differences  Ijetween  fats  and  carbohydrates,  beyond 
the  fact  that  iu  the  final  comhustron  of  the  two,  while  carbo- 
hydrates require  sufficient  oxygen  to  combine  with  their  carbon 
ouly,  there  being  already  siifhcient  oxygen  in  the  carbohydrate 
itself  to  f<inn  water  with  the  hydrogen  present,  fata  require  in 
aitditinn  oxygen  to  combine  with  some  of  their  hydrogen. 
Hence  in  heruivora.  living  largely  nn  carbohydrates,  a  larger 


Chap,  v.] 


NUTEITION. 


629 


jwrtioii  of  the  oxygen  conmuneii  reappears  iii  tlio  carbouio  acid 
wf  the  egesUi  than  in  oarnivnra,  in  wnioh  animnls,  liviug  cliietly 
on  proteids  and  fats,  more  of  it  leiivea  the  t>ody  combiner!  with 
hydrogen  to  form  \vater.  This  relation  of  the  oxygen  to  the 
carbonic  acid  ia  often  expressed  aa  the  quotient  of  Uie  volume 
of   the  carbonic  acid  expired   diridud   uy  the  volume  of   tlie 

oxygen  consumed,  the  'respiratory  ([uolient,'  -^,  which  in  in 

herbivora  about  ■!)  and  in  camivora  about  *6  or  ■'.  When  a 
herbivorous  animal  starves,  it  feeds  on  its  own  fat.  and  under 
these  circumstances  the  respiratory  quotient  falls  to  the  car- 
nivorous standard  ;  and  indeed  many  circiunstnuccs  affect  this 
rv«pinitory  quotient-  Thv  tnrbohydratcs  arc  notably  more 
difi^Htiblu  than  the  fats,  but  on  the  other  bund  the  fats  eoutaio 
luore  potential  energy  in  a  given  weight.  As  to  the  nutritive 
difference  t>etween  starch  and  sugar,  we  know  nothing  very 
lietinite ;  it  has  )>eon  thought  however  that  cane>sugar  ia  rather 
more  fattening  than  starch. 

g  418.  TKe  Eject*  <;f  Gelatin  a»  Food.  It  is  a  matter  of 
common  cxiK^riencc  that  gelatin  will  not  supply  the  place  of 
proteids  us  a  constituent  of  food.  Animals  fed  on  gelatin 
together  with  fat  or  Ciirlx)hydrate»  die  very  much  in  the  same 
way  as  when  they  are  fed  nn  non-nitrngenous  material  ulonc. 
Nevertheless  it  would  aiipear,  as  might  be  expected,  that  the 
presence  of  gelatin  in  fnml  is  not  without  effect.  Thus  nitro- 
genous equiltbriimi  is  established  at  a  lower  level  of  real  proteid 
food  when  gelatin  is  added.  In  a  dog,  moreover,  fed  on  a  diet 
of  gelatin  and  fat,  the  excess  of  nitrogen  in  the  excreta  over 
that  in  the  ingesta  is  less  than  whfn  the  same  dog  is  fed  on  a 
diet  of  fat  alone  ;  that  iK  to  xay,  the  gelatin  hiiK  sheltered  from 
tni-t»l>o1iHm  some  proteid  (Minstitiienls  of  the  iK^dy;  and  the 
i-onNiiinption  of  fat  seems  aUo  to  be  lessened  by  tJie  presence  of 
gelatin.  These  facta  become  intelligible  if  we  suppose  that 
gelatin  is  rapidly  split  up  into  a  urea  and  a  fat  moiety,  in  the 
same  way  that  we  have  seen  a  certain  quimtity  of  proteid  ma- 
teria) to  be.  It  is  this  direct  destructive  metabolism  of  proteid 
matter  which  gelatin  can  take  up;  it  seems  however  uuubic  to 
imitate  the  other  function  of  proteid  matter,  and  to  take  part 
in  the  (ormiition  of  living  snlmunce;  or  in  the  phi-aseology  of  a 
preceding  paragraph  (§  4li>).  it  can  take  the  place  of  circulat' 
ing  but  not  of  tissue  proteid.  What  is  the  cause  of  this  differ* 
enoe,  we  cannot  at  present  say. 

§  419.  Peptone  a*  Food.  Since  proteids  are  at  least  largely, 
as  we  have  seen  (§  S.'iO),  convertud  into  and  absorbitd  as  pep- 
tone, and  since  ns  wc  have  also  seen  the  peptone  appears  during 
tlie  reiT  act  of  absorption  to  be  reconverted  into  some  other 
form  of  proteid  matter,  postiibly  serum-albumin,  it  might  seem 
natural  to  itupjSHie  that  peptone  given  as  food  would  aa  far  as 
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metabolism  is  cflncerned  play  the  same  part  a^  other  proteids. 
Nevertheless,  some  obscrverH  have  maintained  with  regard  to 
both  peptones  and  tlie  allied  albumoses  that,  like  gtdatin.  these 
bodies  *'caD  talci;  thu  place  of  circulating  but  not  of  tissue 
protoid."  On  tlio  whole,  liowcver,  the  evidence  goes  to  shew 
thut  ammals  can  'lay  on  flesh  '  when  Ihe  pruleid  in  iheir  f<H((l 
oousisto  entirely  of  peptone  or  alhuinntte.  A  diiliciilty,  apper- 
taining to  digei<tinn,  preventa  any  large  suhHtitution  of  peptone 
for  ordinary  proteid»,  aince  as  might  be  expected  diarrbtea  ia 
apt  to  be  set  up. 

§  420.  The  Efecta  of  SalU  as  Food.  All  food  contains. 
besides  the  Huhstanees  possessing  potential  energy,  which  we 
have  just  studied,  eertuiu  saline  matters,  organic  and  inorganic, 
having  in  themselves  little  or  no  sueh  potential  energy,  hut 
vet  eitlier  absolutely  iieee.'taary  or  highly  lienefieial  to  the  bo<)y. 
'rhe»e  must  have  important  functions  in  directing  the  metabo* 
li-tm  of  the  body  :  the  striking  distribution  of  tlieni  in  the  tissues, 
the  preponderance  of  sodium  and  chlorides  in  blood-serum  and 
of  potassium  and  phosphates  in  the  red  corpuscles  for  instance, 
must  have  some  meaning ;  but  at  present  we  are  in  the  dark 
coneerning  it.  The  element  phosphorus  seems  no  lewt  im- 
portant from  n  biological  point  of  view  than  uArbon  or  nitro- 
gen ;  it  int  as  absolutely  essential  for  the  growth  of  a  lowly 
eing  like  Penicillinm  a»  for  man  himself.  ^Ve  find  it  proba- 
hly  playing  an  important  part  as  the  conspicuous  constituent  of 
lecitliin  and  other  complex  fats  lielonging  to  the  nervous  sys- 
tem, «e  find  it  prominent  in  the  peculiar  body  nuclein.  we  fiiul 
it  peculiarly  associated  with  the  proteids;  but  we  eamiot  ex- 
plam  its  T6le.  The  element  sulphur,  again,  is  only  second  to 
phosphorus,  ami  we  fuid  it  us  u  constituent  of  nearly  all 
proteids ;  bvit  we  cannot  foretell  tlie  exact  ohaoges  which 
would  take  place  in  the  economy  if  all  the  sulphur  of  the  fooit 
were  withdrawn.  In  the  keratin  nf  the  epidermis  and  its  ai>- 
pendages,  hairs,  &c..  it  is  probably  undergoing  excretion.  thoMhi 
its  presence  in  this  body  may  nave  to  do  with  the  peculur^ 
]]hysical  characters  of  corneous  epithelium. 

We  know  that  the  various  saline  matters  arc  essential  to 
health,  that  when  they  are  not  present  in  proper  proportions 
nutrition  is  affeoted.  Dogs  fed  on  food,  freed  as  much  as  |>os- 
sible  from  all  saline  matters,  but  otherwise  abundant,  with  a 
proper  proportion  of  the  food-stuffs,  soon  exhibit  sj-mptoms 
shewing  that  the  metabolism  of  their  tissues,  eejiecially  of  their 
central  nervous  sj-stem.  is  going  wrong ;  they  suffer  from 
weakness,  soon  amounting  to  pariilysis,  and  are  often  carried 
off  by  convulsions.  An<l  more  or  less  similar  derangements  of 
nutrition  follow  the  absence  or  u  deficieuey  of  individual  saltn. 
During  starvation  these  various  salts  continue  to  l>e  dkicharged 
from  Uie  body ;  in  some  way  or  other  they  are  carried  along 
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in  the  nieUbolic  .stieain.  »nd  their  presence  is  in  some  way 
eeMntinl  ti>  the  various  metabolic  procexAett ;  hence  they  need 
to  be  always  present  in  daily  food.  In  what  way  it  ia  that 
they  thus  direct  metabolism  vre  do  not  know;  we  are  aware 
tliat  the  propertifH  and  relictions  of  vuriouH  proteid  substanc«8 
arc  closely  tk'ptndtint  on  the  presence  of  uertain  salts ;  but 
beyoiid  this  we  kuow  wry  littli;.  The  iiiorgaiiie  8iilt«  are 
iliosc,  the  nutritive  value  of  which  has  been  chiefly  studied  by 
experiment;  but  we  have  reason  to  believe  that  the  orgiuiic 
8alt»,  or  extractives,  which  are  present  in  givnter  or  1«-sk  (juam- 
tity  in  all  food  of  both  vegetable  and  animal  origin,  are  no  let*8 
essential  to  the  proper  metabolic  actiWties  of  the  body.  The 
undoubted  connection  of  scurvy  with  the  lack  of  fresh  vegeta- 
ble food,  other  conditions  helping,  may  perhaps  turn  in  tutrt 
on  this,  for  the  evidence  that  the  disctisu  is  uue  to  the  defi- 
ciency of  potash  idonc  is  not  conclusive. 

Lastly,  water  has  an  effect  on  inct^ibolism,  nx  shewn,  among 
other  things,  by  tlie  fiict  that  when  the  water  of  »  diet  is 
inoreased,  the  urea  is  increased  tn  an  ext<^nt  beyond  that  which 
can  be  explained  by  the  increase  of  duid  increasing  the  facilities 
of  mere  excreticm. 


1 


SEC.   2.     THE  ENERGY  OF  THE  BODY. 


The  Income  of  Energy. 


§  421.  Broadly  Hpeakiag,  the  animal  lindy  \»  a  machine  for 
converting  potential  into  actual  enerey.  The  potential  energy 
is  suppliea  by  food  ;  this  the  mi!taboli§m  of  the  body  converUi 
into  the  uctuiil  eniTgy  of  hcitt  and  mcilmiiiciil  hibour.  We  have 
in  thu  prvsviit  section  to  »lii<ly  wlmt  '\s  known  of  the  Inn-s  of 
thijt  conv«r»ion,  and  of  the  <li.sti-ilnition  of  the  energy  set  free. 

Neglecting  ull  snhsidiary  and  iininipnrtAnC  sonroes  of  energy, 
we  may  say  that  the  income  of  animal  energy  conRi»t.4  in  Uie 
oxid^ition  of  food  into  its  waste  products,  viz.  the  oxidation  of 
pi-oteida,  fat«  and  carbohydrate's  into  urea,  carbonic  acid  and 
water.  A  principle  laid  down  by  the  chemist  teaches  that  the 
potential  energy  of  any  Iwily,  considered  in  relation  to  any 
chemical  change  which  it  may  undergo,  is  the  same  when  the 
final  result  is  the  same,  wliether  thnt  result  be  gained  at  one 
leap  or  by  a  seriex  of  steps ;  that,  for  instance,  llie  energy  Mt 
free  by  the  oxidation  of  1  grm.  of  fat  into  carbonio  acid  and 
water  is  the  same,  whatever  the  changes  forwards  or  backwards 
which  the  fat  undergoes  before  it  finally  reaches  the  stage  of 
carbonic  acid  ami  water;  iind  similarly,  lliat  the  energy  avauable 
for  the  body  in  1  grm.  of  dry  protcid  is  the  energy  given  ont 
by  the  complete  combnstion  of  that  1  grm.,  less  the  onerg)* 
given  out  by  the  complete  combustion  of  that  quantity  of  urea 
to  wliich  the  1  grm.  of  proteid  gives  rise  in  the  liody.  Taking 
this  as  our  guide  we  can  readily  calenlate  the  atnonnt  of  poten* 
lial  energy  contained  in  an  average  24  hours'  diet,  and  thus 
obtain  the  average  daily  income  of  energy.  For  the  potential 
energy-  of  most  of  the  substances  tised  as  food  has  been  deter- 
mined, by  direct  calorimctric  observations ;  and  the  several 
determinations,  though  they  vary  somewhat,  agree  sufficiently 
closely  to  wrve  as  data  for  the  calculations  in  question. 

The  total  comhusli""  nf  ilic  foHmviiig  .tnbstances  has  given 
foronegwrnmeof  each  Nulwliiiice  the  follnwing  results  expressed 
in  calories,  that  is  in  gramme-degree  units  of  hent. 
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Meat,  free  from  ftit,  5103,  and  5S24.  Fibrin  6511.  Ere- 
albumin  5579.  Thus,  taking  round  number);  n-e  muj  my  tnal 
1  i^nii.  of  prot«)d  lualerial  coiilnins  5000  or  5500  calories  of 
poU^ntinl  energy,  nt^fordtng  as  wo  njae  the  lower  or  higher 
det«rniinatinnn. 

Fat  of  beef  or  mutton  9069,  9365,  9423.  Butter  7267  or 
9192.  Again  in  round  nuinbera  we  may  say  that  1  gtm.  of  fat 
c-ontainit  about  9000  ciilurics. 

Arrowroot  (nearly  pure  irtarch)  3912.  Starch  4123.  Cel- 
lulose 414t>.  Dextrose  3tJ9-2.  Cane  Sugar  8866.  Hen;  again, 
taking  round  nnmbent.  we  shall  not  be  far  wrong  in  saying 
that  tlie  pnt«ntial  energy  of  1  gnn.  of  carbohydrate  material  is 
about  4000  calorie,'*. 

The  combustion  of  1  grm.  of  urea  aeta  free  an  amount  of 
energy  which  bus  been  deturmincd  by  one  obeerver  at  2206.  by 
another  a»  2465  calories.  We  Iia%'o  ei^eu  (§  401)  that  1  gnn. 
of  proteid  givei*  ritte  in  the  body  to  \  gnn.  urea.  Hence,  to 
obtain  the  energy  of  1  grm.  protetd  material  available  for  the 
econowv.  we  miiAt  deduct  from  its  total  pulential  energy,  one 
third  tne  potential  energy  of  1  grm.  urea,  that  is  in  round 
numljers  700  or  800  calories.  This  will  give  us  5OU0  —  700,  or 
5500  —  800.  that  is  4300  or  4700  calories,  according  as  we  take 
tho  lower  or  higher  data ;  or  wis  may  take  as  a  mean  4500 
ealories.     The  data  then  so  far  are  as  follows, 


1  grm.  prot«id 

1  grm.  tat 

1  gnn.  carbohydrate 


4500  caloriea. 
9000       „ 
4000       .. 


The  average  diet  of  an  average  man,  that  is  the  average 
amount  of  each  food-stuff  respectively  taken  daily,  may  bo 
dctcnnincd  experimentally  or  statistically.  Thus  a  man  may 
determine  by  a  scries  of  trials  the  diet  on  which,  while  neitlier 
losing  nor  gaining  weight  and  maintuining  '  nitrogenous  eijni- 
librium,'  §  416,  he  enjoys  good  health.  Or  an  averBge  may  l»e 
struck  of  a  large  number  of  diets  ti.sed  by  various  people.  We 
shall  have  tiomething  tA  say  of  this  latter  Rtatistioal  method 
when  we  come  to  speak  of  diet.  For  the  present  purpose  we 
may  us«  one  arrived  at  experimentally  which  wo  will  sprak 
of  as  Kanke's  diet,  since  it  was  determined  by  a  physiologist  of 
that  luime  from  observations  on  huuself.  It  was  omposed 
of  100  grm.  proteid,  100  gnn.  Fat,  S-IO  grm.  carbohydnte. 
Such  a  diet  would  give 


100  grm.  proteid  (4500) 

100  gnn.  fat  (9000) 

240  grm.  carbohydrate  (4000) 


450.000  calorieR. 
900.000       „ 
960.000       „ 
2.3H1.O0O       „ 


034  THE  POTENTIAL   ENERGY   OF   POOD.     [Bouk  ii. 

If  we  translate  the  units  of  heat  into  units  of  work,  Uie 
2.310.000  gr(iiunio-(li!sr*!c,  or  2,310  kilogramnm-dogrcc  calorieB 
will  fjivu  lu  about  9HO,000,  or,  in  roiiiid  numbers,  somewhere 
about  one  million  ki1<i^raiiiiiiu-im*lt.-i-s. 

Wc  may,  in  iirwsiug.  call  attention  to  the  fact  Ihnt  the  pro- 
t«i(l8  supply  a  relatively  small  part  of  the  total  enerfjy,  and 
that  the  8liare  contributed  by  the  large  imtttt  of  (!arhohy<lraie» 
JH  not  mufih  greater  than  that  belonging  to  the  much  smiiller 
quantity  of  fat.  In  the  average  diet  obtained  by  the  Rtatifltical 
method,  in  which  the  datii  aru  largely  drawn  from  public  insti- 
tutions, the  (cheaper)  carbohydratea  arc  still  further  increased 
at  the  expense  of  the  (duarc-r)  fats,  a  change  which  may  tend 
to  reduce  somewhat  the  total  energy  ;  but  this  docs  not  mate- 
rially affect  the  broad  rentult  ju»i  given. 


The  Expenditure. 

§  433.  There  arc  two  ways  only  in  which  energy  is  set 
free  from  the  body  :  meoliunical  labour  and  heat.  The  body 
loses  energy  in  producing  muscular  work,  as  in  locomotion  and 
in  other  kinds  of  liibonr,  in  the  nitiveinenta  of  tlie  air  in  respira- 
tion and  BjMiech,  and,  thougli  to  a  hariUy  recognizable  extent, 
in  the  movements  of  the  air  or  contiguous  bodies  by  the  pulwi- 
tions  of  the  vascular  system.  The  body  loses  energy  in  tne 
form  of  heat  by  conduction  and  radiation,  hy  respiration  and 
perspiration,  and  by  the  warming  of  the  urine  and  fwces.  All 
the  internal  work  of  the  body,  all  the  mcclianical  labour  of  the 
internal  muscular  mechanisms  with  their  Hc(;om|)iinying  fric- 
tion, all  the  molecular  labour  of  the  nervous  and  other  tissues, 
is  converted  into  heat  before  it  leaves  the  body.  The  nnwl 
intense  mental  action,  unaccompanied  by  any  muscular  nutnt- 
feittat  ion.s,  the  most  energetic  action  of  the  heart  or  of  (he 
bowels,  with  the  alight  exceptions  mentioned  above,  the  busiest 
activity  of  the  secreting  or  metabolic  tissues,  all  these  end  sim- 
ply in  augmenting  the  expenditure  in  the  form  of  heat. 

A  normal  daily  exiiencliture  in  the  way  of  mechanical  labour 
can  be  easily  determined  by  obaervation.  Whether  the  work 
take  on  the  form  of  walking,  or  of  driving  a  machine,  or  of 
any  kind  of  muscular  toil,  a  good  day's  work  rnay  be  put  down 
at  about  1.50,001)  kilogramme-mekTs. 

Tlie  normal  daily  exi>enditnre  in  the  way  of  heat  cannot  be 
so  readily  determined.  Direct  caloriinetric  observations  on 
living  structures  are  in  all  cases  attended  with  many  dilHcnl- 
tiea  and  subject  to  many  sources  of  error.  These  are  very 
great  when  the  observations  are  made  on  the  whole  body,  oven 
in  the  case  of  small  animals :  and  observations  made  by  ptaciufT 
a  part  only  of  the  body,  an  arm  or  leg  for  example,  in  the  calo- 
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rimotf^r,  and  from  tho  dsta  thus  gained  culonliiting  the  hunt 
pruductid  by  llio  wliulw  body,  iire  subjwct  to  additional  s^iiii-uf» 
of  error.  Improved  inethode,  liowever,  esijecially  of  recent 
yenre,  have  80  far  eliminated  many  Etourceo  of  error  ihnt  the 
resulta  obtained  by  ohservations  on  the  whole  body  may  be 
received  vnth  increasing  contidence. 

The  calorimeters  osually  employed  in  ehemical  operations,  in 
measuring  for  inskiace  the  heat  given  out  in  rhemieal  changes,  are 
iiuiiiitahle  for  experiments  on  living  animals,  i^uch  are  the  mer- 
cury-calorimeter,  m  wtdc-h  the  chemical  action  to  be  studied  is  made 
to  ^ke  place  in  the  midst  (if  a  mass  of  mercury,  from  the  consequent 
HXpanston  of  which  through  the  heat  takeu  up  the  amount  of  heat 
given  out  is  calculated,  or  the  ice-calorimeter  in  nrhieh  in  a  similar 
way  the  heat  given  out  is  calculated  from  the  amount  of  ice  melted. 
The  latter  has  been  used  for  physiological  purposes,  but  an  auimsl 
surrounded  by  ice  ia  under  such  abuormal  conditions  that  the  results 
are  of  little  value.  The  methods  usually  adopted  by  physiologists 
are  as  follows. 

In  one  method,  the  watern-aloriraeter.  the  animal  is  placed  in  a 
metal  chamlwr  surrounded  by  a  jacket  filled  with  water.  The  heat 
given  out  by  the  animal  warms  the  water  in  the  jacket,  and  the 
amount  given  out  is  calculated  upon  the  increase  of  the  temperature 
of  the  water.  By  supplying  the  animal  with  air  through  a  long 
spiral  tube  passing  throiiRh  the  waterjacket,  the  heat  given  out  in 
the  expired  (wr  is  prevented  from  being  lost. 

This  method  may  be  employed  in  a  simpler  form,  when  the  heat 
given  out  by  a  part  of  the  Ixwly,  the  arm  or  leg  for  instance,  is  all 
that  has  to  be  determined.  The  jiart  is  then  merely  placed  in  a 
bath  of  water,  from  the  changes  of  temperature  of  which  the  amount 
given  out  is  calculated.  And  this  moaiticatiou  of  the  method  may 
with  due  precautions  be  employed  lor  the  whole  body. 

In  Rosenthal's  calorimeter  the  ehamber  in  which  the  body  or 
part  of  the  body  is  jilaoed  ia  surrounded  by,  not  a  water-jacket,  Imt 
an  air-jacket,  which  thus  serves  as  an  air-ealori meter.  1  he  instru- 
ment consists  essentially  of  three  concentric  copper  cylinders;  the 
inner  one  contains  tlie  animal  (or  other  source  of  heat) ;  the  outer 
one  serves  merely  as  a  casing  to  protect  those  inside  from  changes 
of  temperature  due  to  currents  of  air  and  the  like ;  and  the  middle 
one  encloses  an  air  space  between  itself  and  the  inner  one.  There 
are  special  arrangements  for  clostii);  Uie  cyUndera  after  the  intra- 
duction  <\{  the  atduial,  and  fur  nupplyiug  tlie  animal  with  ur  for 
breathing  purposes.  With  tJie  air-jaclcel.  or  spaee  between  the  inner 
and  middle  cylinders,  are  coniit-cied  a  manometer  and  a  thermome- 
ter. When  an  animal  (or  other  s^mrce  of  heat)  is  placed  in  the 
inner  cylinder,  the  temperature  and  tlie  pressure  of  the  air  in  the 
air-jacket  are  increased ;  and  from  the  amounts  of  incresAe  measured 
by  the  tliermometer  and  the  mnnometer  the  amount  of  lient  given 
out  from  the  aniniid  is  enlenlated. 

The  calorimeters  of  D'Arsonval  and  Babner  axe  constructed  on 
very  aimilar  principles. 
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Vai'ioiia  attempts  have  btsen  niiulo  to  ascertain  the  nmouiit 
of  beat  (nvun  out  l>v  thi;  boily  in  ait  indirect  maoticr.  oa  for 
instance  by  irak-ulaLiiin  thi-  boat  given  out  by  tb«  oxidation  of 
tti«  foixl,  A«  ti-iistwurthy  as  any  in  the  plan  of  simply  sub- 
trai'Uiig  t,ho  nonnal  dailv  moclianioal  expenditure  from  tbi- 
uonnal  dailv  income.  Tiiuh.  IAO.OOO  k.-m.  subtracted  from 
one  million  fc.-m.  gives  850.000  k.-m.  as  the  daily  expenditure 
in  the  form  of  heat ;  i.e.  bt'twecn  oiie-fifth  and  oiie-sixtb  of  the 
total  income  is  expended  tut  mechanical  labour,  the  remaining 
four-fifths  or  five-sixths  leaving  the  body  in  the  form  of  heat. 
Thi-  ri-sults  given  by  direct  ^^aloriiiK-lric  observations  and  by 
otlier  ealeulations  give  somewhat  higlier  figures  than  lbes«; 
and  indeed  these  may  probiiWy  be  taken  iis  under  ratlier  than 
over  the  true  amount.  In  anj'  case  they  are  to  l>e  reganled  as 
furnishing  hardlv  more  than  a  rough  average  estimate  for  a 
man  of  average  build  and  weiglit.  taking  an  average  amount 
of  average   food  and  doing  an  average  amount  of  work. 

§  423.  Thf  Bnergtf  of  Mechanical  Work.  We  have  already 
in  treating  of  musfle  and  elsewhere  ]>(irtly  diseusscd  this  su)>- 
i«ct,  but  may  here  say  the  rest  that  has  to  he  said. 

The  older  v^riters,  even  after  it  had  I)een  proved  that  the 
animal  body  waa  constructive  (*o  far  as  the  formation  of  fat  was 
concerned,  still  held  to  the  di.iti notion  between  nitrogenous  or 
plastic  and  non -nitrogen oils  or  respiratory  food.  I'nt  broadly. 
this  view  was  that  all  the  nitrogenous  food  went  to  build  up  the 
proteid  tissues,  the  muscular  flesh  and  the  like,  and  that  the 
nitrogenous  ogesta  arose  solely  from  the  functional  metabolism 
of  these  tissues,  while  the  noii>uitrogcnous  food  was  used  with 
equal  exelusiveness  for  respiratory  or  calorific  purposes,  being 
either  directly  oxidized  in  the  blood  or,  if  present  in  excess, 
stored  up  as  fatty  tissue.  According  to  thi*  view  the  two  clajses 
of  in*;orae  corresponded  exactly  to  the  two  forms  of  expenditure. 
We  have  already  urged  several  objections  against  this  view. 
We  have  seen  that  in  the  blood  itseli  very  little  oxidation  takes 
place,  that  it  is  the  acrtive  tissue,  and  uot  the  posuve  hlood- 
plaama,  which  is  the  seat  of  oxidation.  Wc  have  further  seen 
that  proteid  food  may  undoubtetlly  be,  in  the  above  senso. 
respiratory  and  incidentally  give  rise  to  the  stonug-up  of  fat. 
One  division  of  the  view  i.*  thereby  overthro^vii.  We  have  now 
to  inquire  whether  the  other  division  hohls  good,  whether 
intiiicle  and  the  other  proteid  tissues  are  fed  exclufiively  on  tJie 
proteid  material  of  food,  and  whether  muscular  energy  comes 
oxclusivelT  from  the  metabolism  of  the  proteid  constituents  of 
muscle.  We  have  already  seen  (S  60)  that  when  thu  muscle 
itself  is  examined,  we  find  no  proof  of  nitrogenoiui  waste,  but. 
on  the  other  hand,  clear  evidence  of  the  production  of  non- 
uitrogenous  Iwdies,  .sneh  as  carbonic  aeid.  And  when  we  ask 
tJie  question.   Does  muocular  exercise  proporliotuitelj  increase 
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tho  urea  given  off  by  the  body  as  a  whole  ?  fnr  this,  accorrliiig 
to  tlie  theory  iu  question  it  certwnly  ought  to  do.  the  eviileiice 
we  LMii  obtain,  though  somewhut  varyiug,  gives  on  the  whole  a 
decidedly  negative  answer. 

In  th<!  mujority  of  obKervfttioiLs  no  marked  change  at  all  in 
the  amount  wiis  met  with;  indeed  in  some  coses  thoru  was  a  dis- 
tinct  dcurotwe.  followed  by  an  inoreose  on  the  following  days. 
Some  observers  however  found  a  very  marked  increase,  and  this 
wiui  vsix^ciully  the  ca»e  when  the  tiubject  under  nhservation  took 
a  large  amount  of  food  and  performed  very  aevere  labour.  On 
the  whole  the  various  results  obtained  by  different  ob8erver8 
justify  the  conchuiioa  that  excrciso  by  itself,  even  when  severe, 
does  not  nocessarily  incretute  thi;  amount  of  urea  excreted,  but 
that  conditions  may  obtain  in  which  !>uc)i  an  iiicrense  undeniably 
occurs.  We  may  draw  the  further  cnnchLsioii  that  experimculs 
of  this  kind  do  not  supply  the  right  method  for  determining  the 
point  at  ii^ue.  It  must  l>e  remenit)ered  that  it  U  not  tlie  ruuscK-« 
alone  which  feel  the  influence  of  the  labour :  the  circulation  and 
indeed  the  whole  body  arc  affected  by  it.  If  we  auppose  a  large 
part  or  even  only  some  part  of  the  urea  to  come  from  other  than 
musRidar  metaboliHm.  from  changes  iu  the  hepatic  cells  for 
instance,  we  should  exjmet  that  these  eliauges.  and  with  them 
the  amount  of  urea  discharged,  would  be  influenced  by  labour, 
ospecially  by  severe  labour. 

Id  no  case  has  a  direct  relation  between  the  amount  of  labour 
and  amount  of  urea  Iteen  observed.  More  than  thiit.  the  follow- 
ing experience  lands  us  in  an  absurdity  if  we  suppose  the  whole 
energy  of  muscular  work  to  arise  from  proteid  metabolism. 
Two  observers  performed  ti  certain  amount  of  work  (an  ascent 
of  a  mountain)  on  a  non-nitrogeuous  <liel,  and  cstimat«d  the 
amount  of  urea  passed  during  tlie  period.  .Assuming  the  urea 
to  represent  the  oxidation  of  so  much  proteid  matter,  which 
oxidation  reprtwenled  in  turn  so  much  energy  set  free,  they 
found  that  whereas  the  aetutd  work  done  amounted  to  i'l'J-fiid 
and  14H'tt5ti  kilogram. -kilometers,  for  each  observer  resinic- 
tively,  the  total  energy  available  from  proteid  metabolism  dur- 
ing the  jneriod  was  in  the  case  of  the  first  68-69.  and  of  the 
second  6s-3T6  kilogram. -kilometi^rs.  That  is  to  say.  the  energy 
sot  fre«  by  the  ]>ruteid  metaWlism  of  the  muscles  engaged  in 
the  work  was  far  less  tlmn  the  amonnt  necessary  to  accomplish 
the  work  actnally  done,  to  say  nothing  of  it,s  having  to  provide 
an  well  for  the  movements  of  reapiration  and  circulation.  Their 
nuLHOular  energy  therefore  must  have  had  other  sources  than 
pn>teid  metabolism. 

That  on  the  contrary  muscular  exerci«u  at  once  and  largely 
increasea  the  production  of  carbonic  acid  is  beyond  all  doubt. 
One  hour's  hard  labour  will  increase  fivefold  the  quantity  of 
curlKinic  acid  given  off  within  the  hour.      And  in  an  experiment 
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directed  to  this  point  it  was  fouii<l  that  a  man  iii  24  bouni  oon- 
xiiiiit'tl  954  grms.  oxygon  and  protUiccd  1284  grins,  carbonic  acid 
when  doing  work,  as  against  708  grnis.  oxygen  cousuukkI  and 
(HI  grnis.  tiirhonic  acid  [iroiUieed  when  rcmuining  at  rest,  the 
quiuitily  of  urea  secreted  being  in  the  first  caw  SI  grui».,  in  tlie 
second  37-2  grnis. 

It  is  evident  that  the  conolusions  an'ived  at  b;  the  atattttioal 
method  entirely  corroborate  those  gained  by  an  examination  of' 
mu.icle  itself,  viz.  that  timing  musfular  contraction  the  explosive 
decomposition  which  takes  pliicc  bears  cliicfly,  if  not  exclusively, 
on  the  noit-nitrogcnous  constituents  uf  the  muscle,  and  that  it 
is  the  nuii-nilrugcn oUM  products  which  alone  escape  from  the 
muscle  and  from  the  body,  any  nitrogenoui^  products  which 
result  being  retained  within  the  muKcle,  or  at  leaKt  within  the 
body.  We  mUHt  therefore  reject  the  second  ua  well  as  the  first 
division  of  the  views  under  discussion;  not  only  is  the  muscle 
not  fed  exclusively  on  ]jroteiil  material,  but  also  its  energy  does 
not  arinu  from  an  exclusively  proteid  metabolism. 


Animal  Heat. 

§  424.  Tlie  Soureen  and  Dintrihutton  of  Heat.  We  have 
already  seen  that  the  conception  of  iht;  non-nitrogenotis  por- 
tions of  food  being  solely  calorifacient  or  respiratory  proves  to 
be  unfounded  when  we  attempt  to  trace  the  history  of  the  food 
on  its  way  through  the  body.  The  same  view  is  still  more 
strikingly  shewn  to  be  inadeciuiite  when  we  study  the  manner  Jit 
which  the  heat  of  the  body  i»  produced.  We  may  indeed  ut  once 
aflirni  tiiat  the  heat,  nf  the  Ijniiy  i.s  gem-rated  by  the  uhemieal 
ehanget*,  which  we  may  speak  of  generally  as  those  of  oxidation, 
undergone  not  by  any  particular  substancest  hut  by  the  tiesites 
at  largo.  Wherever  metabolisni  is  going  on,  or  to  be  more 
exact  wherever  destructive  metabolism,  katabolism,  is  going  on, 
heat  is  being  set  free.  In  growth  and  in  repair,  in  the  deposi- 
tion of  new  materini,  in  tlic  trans  form  lit  ion  uf  lifeless  pabulum 
into  living  tissue,  in  the  constriielive  metabolism,  the  anubolism 
of  tlu-  bu<ly,  ami  in  the  smaller  syuthctic  processes  of  which  we 
spoke  in  dealing  with  urea  (§  387),  heat  is  undoubtedly  to  a 
oertain  extent  being  absorbed  and  rendered  latent:  the  energy 
of  the  construction  may  be,  in  part  at  least,  supplied  by  the 
heat  iircBcut.     But  all  this,  and  more  than  this,  viz.  the  heat 

E resent  In  a  poti^'ntial  form  in  the  substances  thcniselves  so 
uilt  up  into  the  (issue,  is  lost  ki  the  tissue  during  its  destruc- 
tive metabolism;  so  that  the  whole  metabolism,  the  whole  cycle 
of  changes  from  the  lifeless  pabulum  through  the  living  ti»tue 
back  to  the  lifeless  prixlucta  of  vital  artton,  is  eminently  a 
source  of  heat. 
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Of  all  thu  tissues  of  II16  body  Ll 
tlmir  bulk,  forming  n»  they  <i(i  so  large  a  portion  of  the  whole 
friiuie,  but  al»ii  from  llie  characters  of  their  metabolism,  miuit 
be  regni'tled  as  the  chief  sources  of  heat. 

In  treating  (§  62)  of  the  thermal  changes  in  muAcle  we 
have  seen  that  in  the  total  ener^  expended  in  a  muscular  con- 
traction, the  ratio  of  that  whicii  appears  as  Iwat  to  that  which 
appears  as  extumiil  work  is  variable.  If  we  luwiinio  that  the 
energy  ap]M-aritig  (i«  work  <lone  in  a  mtisciilur  contraction  u 
on  the  average  »Ik)UI  uiie-tentli  of  the  total  eni>rgy  exitt-nded, 
the  rest  g^'iug  out  its  ht'at,  then,  upon  the  calculation  that  the 
total  external  work  of  the  body  is  abi>ut  one-fifth  of  the  total 
energy  set  free  in  tJie  bmly.  it  ia  clear  that  the  heat  given  out 
by  the  muscles,  even  if  we  coimider  only  the  heat  given  out 
when  they  are  contracting,  must  form  a  very  large  part  of  the 
total  heat  given  out  by  the  body.  AikI  even  if.  as  recent 
researchea  indicate,  the  muscular  machine  workx  more  eco- 
nomically than  we  liavv  hiUierlo  Mupjioi^ed,  the  amount  uf  beat 
given  out  by  the  skeletal  muscles  must  slill  remain  very  large. 
Aforeover  to  the  skeletal  nmscle  we  must  add  the  heart  which, 
never  resting,  does  in  the  twenty-four  hours  as  we  have  seen, 
J  120,  no  inconsiderable  amount  of  work,  and  must  give  rise 
to  no  inconsiderable  amount  of  heat.  Uut  the  skeletal  muscles, 
though  frequently,  arc  not  continually  contracting;  they  have 
periods,  at  times  long  periods,  of  re«t;  and  during  these  periods 
of  rest,  metabolism,  uf  a  subdued  kind  it  t*  true,  but  still  a 
metAbolism  involving  an  ex])enditure  of  energy,  is  going  on. 
This  quiescent  motabolisnt  must  also  give  rise  to  a  certain  amoonl 
of  heat;  and  if  we  add  this  amount,  which  in  the  present  state  of 
our  knowledge  we  cannot  exactly  gauge,  to  that  given  out  during 
the  niovenienta  of  the  body,  it  is  very  clear,  even  in  the  absence 
of  exact  data,  that  the  metabolism  of  tlic  muscles  must  ^iippl.T 
a  very  largo  proportion  of  the  total  heat  of  (he  body.  Tncy 
are  pur  excellence  the  thermogenic  Uksucs. 

Next  to  the  musele«  iu  importance  i-ome  the  variotu  secret- 
ing glands.  In  these  the  secreting  elements,  at  the  periods  of 
secretion  at  all  evenly,  are  in  a  state  of  metabolic  activity, 
wbich  activity  as  ehtewhere  will  naturally  give  rise  to  heat. 
In  the  case  of  the  salivary  gland  a  rise  of  temperature  haa  been 
actually  ohser\-Gd ;  but  objections  have  been  brought  against 
the  ob«M:rvation.  Of  all  these  various  glands,  the  liver  dcacnes 
sjtecial  attention  on  account  uf  it^i  size  ajid  large  supply  of  blood, 
and  U-cause  it  appcurv  to  be  continually  at  work.  If  tliere  be 
kiiy  truth  in  the  view.-*  urged  in  the  preceding  chapter  touching 
the  large  and  varied  metaliolio  work  nf  the  liver,  we  must  con- 
clude that  a  very  large  amount  of  heat  is  set  free  in  this  organ; 
and  that  holds  good  even  if  we  make  a  large  allowance  for  the 
various  synthetic  anabolic  procevses  which  may  take  place  and 
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by  whidi  heat  would  be  absorbed  and  made  latent.  We  find 
indeed  that  the  blnod  in  the  bejiatic  vein  ia  tlie  warmest  in  the 
body.  Thus  in  the  dog  a  temperature  of  40-73*  C.  has  been 
olwerved  in  the  hepatic  vein,  wiiilfi  tliat  of  the  vena  cava  in- 
ferior was  SS-SS"  to  39-58,  imd  that  of  the  right  heart  37-7. 
The  fact  that  the  blood  of  the  hepatic  vein  is  warmer  than  that 
of  eitlicr  the  portal  viiiii  i)i-  the  aorta,  shews  that  the  increased 
temperature  is  not  due  simply  to  the  liver  being  far  removed 
from  the  surface  of  the  body. 

The  brain  too  may  be  regarded  as  a  source  of  heat,  since  its 
temperature  is  higher  than  Uiat  of  the  arterial  blood  «ith  which 
it  is  supplied;    though  from   the  smaller   quantity   of   blood 

Eassing  through  its  vessels  tut  well  us  from  the  chnngeti  in  it 
eing  less  massive,  it  ciinnot  iu  tliiv  respect  compare  nnth  eltlier 
tile  liver  or  the  muscles  as  a  source  of  heat  to  tlie  body. 

The  blood  itself  eauunt  Ije  regarded  as  a  source  of  any  con- 
siderable amount  of  heat,  since,  as  we  have  so  frequently  urged, 
the  oxidations  or  other  metahoUo  changes  taking  place  in  it 
are  comparatively  slight.  The  heat  evolved  by  the  indifferent 
tissues  such  as  Imiie,  cartilage  and  connective  tissue,  may  be 
passed  over  as  iiiHignifieaut ;  and  wc  cannot  even  regard  the 
adipose  ti^uc  us  a  seat  of  the  production  of  heat,  sinue  the  fat 
of  the  fat-cells  is  iu  all  probability  not  oxidized  m  titu  but 
simply  carried  away  from  its  place  of  storage  to  the  tissue  whieh 
stands  iu  need  of  it,  and  it  is  in  tlie  tissue  that  it  uii<lergues 
the  metabolism  by  which  its  latent  energy  is  set  free.  Some 
amount  of  heat  is  also  produced  by  the  changes  which  the  food 
undergoes  in  the  alimentary  canal  before  it  really  enters  the 
body. 

Hence,  taking  a  survey  of  lh«  whole  body,  we  may  conclude 
that  .since  metabolism  is  going  on  to  a  greater  or  less  extent 
everywhere,  heat  is  everywhere  l»eing  generated ;  but  that, 
looked  at  from  a  qiuintitative  point  of  view,  the  muscles  and 
the  gltindular  organs  must  l»e  regarded  as  the  main  sources 
of  the  beat  of  tlie  body,  the  muscles  being  the  more  im])ortADt  of 
the  two. 

§  425.  But  beat,  while  being  thus  continually  produced,  is 
as  continually  being  lost,  by  the  skin,  tlie  lungs,  the  urine  and 
the  faices.  The  blood  passing  from  one  part  of  the  body  to 
the  other,  and  carrying  warmth  from  the  tissues  where  heat  ia 
being  rapidly  generateil,  to  tlie  tisniics  or  organs  where  heat 
is  being  latt  by  radiation,  conduction  or  evaporation,  tends  to 
equalize  the  temperature  of  the  various  part^,  and  thus  main- 
tains a  "  constant  bodily  temperature." 

When  the  production  of  heat  is  not  great  as  compared  with 
the  loss  there  is  no  great  accumulation  of  heat  within  the  body, 
the  temperature  of  which  consequently  is  but  slightly  raUed 
above  that  of  surrounding  objects.     Thus  the  tenii>t^ratur«  of 
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the  frog,  for  instance,  in  rarely  more  than  "(M*  to  'OS*  above 
that  of  the  atmosphere,  though  in  the  breeding  seasoii  the 
difference  may  amount  to  1°.  Such  aiiimaU.  and  they  coniprijte 
all  classes  except  birds  and  munimnlB,  arc  spoken  of  as  eohi- 
bloodod  ;  they  liavc  bcrii  also  liillud  |K)ikilotherniic,  that  is.  of 
varied  t«nipiTaturv.  Kxcoptiniis  iiiiiiirig  them  arc  not  uncom- 
mon. Some  iiMh,  8uch  as  thfi  tunny,  are  warmer  than  the  water 
in  whid)  they  live,  and  in  a  species  of  I'ytl'on  (/'.  hivittattu)  a 
difference  of  as  much  as  1'2°  has  been  observed.  In  a  beehivu 
the  temperature  may  rise  at  times  to  as  much  as  40*.  In  the 
so-calleo  warm -blooded  animals,  birds  and  nmmmals,  the  Uttm 
and  production  of  heat  arc  so  balanced  that  tliQ  temperature  of 
the  body  remains  constant  at,  in  round  nunibci-s.  Ho'  or  40°, 
whatever  be  the  tcuipeniture  of  the  nir;  heucc  thcso  have 
been  called  hoiuuiothermio,  of  constant  tenipcnvturv.  The 
t«uii>emture  of  man  is  about  ST*;  in  some  btnU  it  is  as  high 
as  44*  (Hirundo)  and  in  the  wolf  it  is  said  to  he  as  low  m 
S5-24*. 

This  temperature  is  with  slight  variations  maintained 
throughout  life.  After  death  the  generation  of  heat  rapidly 
diminishes,  and  the  body  speedily  becomes  cold :  but  for  some 
short  time  immediately  following  upon  systemic  death,  a  ris« 
uf  temperature  may  be  olMerved,  due  to  the  fact  that,  nhUe  the 
metubolism  of  the  tissues  is  still  going  on,  the  loss  of  heut  is 
somewhat  checked  )>y  the  cesttaliou  of  the  circulation.  The 
onset  of  prononnoed  rigor  mortis  causes  a  marked  aceewtion  uf 
heat,  anci  when  occurring  after  certaiti  diseases  may  give  rise 
to  a  very  considerable  elevation  of  temiieraturo. 

This  mean  bodily  tcmiK'^rature  of  warm-blooded  animals  is., 
during  health,  maiutttined,  with  small  variiitions  of  which  we 
shall  nresenlly  spe-tik,  within  a  very  narrow  margin,  a  rise  or 
indeed  a  full  of  much  mure  than  a  degree  above  or  below  the 
limit  given  above  being  indicative  of  some  failure  in  the  organ, 
ism,  or  of  some  unusual  intluence  being  at  work.  It  is  evident, 
therefore,  that  the  mechanisms  which  coordinate  the  loss  with 
the  pro<luction  of  heat  must  bo  exceedingly  sensitive.  It  is 
obvious,  moreover,  that  tlie«c  mechanisms  may  act  when  the 
bodily  temjwrature  is  lending  to  Hue,  by  either  cheeking  the 
production  or  by  uiigmcnting  the  Iiisw  of  liiait ;  ronversely  when 
the  bodily  temperature  is  tending  to  fall,  they  may  ait  by  either 
iiusreosiug  the  production  or  by  diminisliing  the  loss  of  heat. 
Ag  the  regidation  of  temperature  by  vaciatioiia  in  the  loss  of 
heat  is  )>etter  knonn  tlian  regulation  by  variatious  in  produc- 
tion, it  will  lie  best  to  consider  this  first. 

§  426.  lUffulatitm  fry  variationt  in  to$».  Heat  is  lost  to  the 
body  by  the  wiirming  of  the  fiti'cs  and  of  the  urine,  by  the 
warming  of  tin.-  expirwl  air,  by  the  ev«iH)ml.ion  of  tlie  watt-r 
of  respiration,  by  conduction  untl  rudiation  from  the  skin,  and 
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by  the  evaporntiun  of  ihu  witter  uf  perspiration.  It  has  ham 
calculated  thut  the  relative  aiimniiU  of  the  liMS  by  these  weveral 
chiumcl*  are  tut  follow^) :  In  wiiniiing  the  fiecen  and  urine  about 
3,  or  uocording  to  others  li  per  cent.  Hy  respiration  about  '20, 
or  jiccrording  to  othera  about  9  only  per  cent.,  k-aving  77.  or 
alternatively  85.  per  cent,  for  conduction  and  radiation  and 
evaporation  by  the  skin. 

The  two  chief  lucaus  of  lotui  then,  vrbich  ar«  at  all  susceptibli! 
of  any  ^r(;at  amount  of  variation,  and  which  can  lie  used  to 
rcgulato  the  teini>eratnre  of  the  body,  are  the  akin  and  the  lungs. 

The  more  air  passea  in  and  out  of  the  lungs  in  a  given  time, 
the  greater  will  ho  the  loss  in  wanning  the  expired  air,  and  in 
evaporating  the  water  of  respiration.  In  such  auimaU  as  the 
dog,  which  do  not  pL-rspire  freely  by  the  skin,  respiration  is  a 
most  importaut  means  of  regulating  the  tunipvnilure ;  aud  in 
the  dog  a  very  close  connection  may  be  observed  between  the 
production  of  heat  and  respiratory  activity.  Tlie  changes 
which  give  rise  to  tliio  hiss  take  place  before  the  inspired  air 
reaches  the  pulmonary  alveoli ;  both  the  warming  and  the 
evaporation  are  effected  in  the  uasal  and  pharyngeal,  and  t« 
some  extent  in  the  bronchial  jiasaagcs.  Some  observers  have 
maiutaiucd  that  ihv  left  side  uf  the  hcitrt  is  warmer  than  the 
right-,  and  h«nce  have  argued  that  cbeniicul  changes  leading  to 
a  considerable  development  of  heat  take  place  in  the  pulmonary 
oapillarleK.  It  would  ap]>ear  however  that  the  right  ventricle, 
owing  to  its  lying  nearer  to  the  liver,  the  high  temperatni-e  of 
which  has  already  lieen  mentioned,  is  in  reality  rather  hotter 
than  the  left.  And  indeed  we  have  no  satisfactory  evidence  of 
any  large  amount  of  heat  being  produced  by  auy  pulmonary 
metabolism. 

The  great  regulator  however  is  undoubtedly  the  skin ;  and 
this  has  a  more  or  less  double  action.  In  the  tlrst  place  it  reg- 
ulates the  loss  of  heat  by  means  of  the  va,so-niotx>r  mechanism. 
The  more  blood  passes  through  the  skin  the  greater  will  be  the 
loss  of  heat  by  conduction,  radiation,  and  evaporation.  Hence, 
any  action  of  the  vaso.motor  mechanism  which,  by  causing  dila- 
tion of  the  cutaneous  vascular  arc^ts,  leads  to  a  larger  flow  of 
blood  through  the  skiu,  will  tend  to  cool  the  body;  and  con- 
versely, any  vaso-niotor  action  which,  by  constricting  th«  cuta- 
neoits  vascular  areas,  or  by  dilating  the  snlanclinic  vtiscular 
areas,  causes  a  smaller  flow  throngh  the  skin,  and  a  larger 
flow  of  blood  through  the  abdominal  viscera,  will  tend  to  heat 
the  boily.  In  the  second  place,  besides  this,  the  special  nerves 
of  perspiration  will  act  directly  as  regulators  of  temperature, 
increasing  the  loss  of  heat  when  they  promote.-,  and  lessening 
the  loss  when  they  cease  to  promote,  the  secretion  of  the  skin. 
The  working  of  this  heat-regulatiug  mechanism  is  well  seen  in 
the  case  of  exercise.     Since  every  muscular  contraction  givea 
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rise  to  h«al,  exercise  miiat  increase  for  tli«  time  being  the  pro- 
dilution  of  heat ;  yet  the  bodily  temperature  rarely  rises  so 
mui-h  as  a  degree  centigrade,  if  at  all.  By  exercise  the  respi- 
ration is  quickened,  and  the  Ios«  of  heat  by  tlie  lungs  increased. 
The  circidatiun  of  blood  is  also  qiiiekcuud,  and  the  cutanuous 
vascular  urviLS  Itecuitiing  dilaU^d,  a  larger  amount  of  blood 
pti«»os  through  the  skin.  Added  to  this,  the  skin  perspires 
frftely.  Tlius  a  lai-ge  amount  of  heat  is  lost  to  tlie  body,  Bufii- 
vient  to  neutralize  the  addition  calmed  by  the  mUHciilar  con- 
Irat-tion,  the  increase  which  the  more  rapid  flow  of  bloo<l 
through  the  abdominal  organs  might  tend  to  bring  about 
being  more  than  sufficiently  counteracted  by  their  smaller 
supply  for  the  time.  The  iu:am  of  warmth  which  ia  felt 
during  e\erci»e  in  consequence  of  the  flushing  of  the  skin,  is 
in  itself  a  token  that  a  regulative  cooling  is  l>eing  cnrried  on. 
In  M  similar  w^y  the  application  of  external  cold  or  heat  defeats 
its  own  ends,  either  [larttnlly  or  eompletely.  Under  the  influ- 
ence of  external  cold  the  outaneous  veosela  are  constricted,  iuid 
tlie  splanchnic  vascular  areas  dilated,  so  that  the  bloiwl  is  with- 
ttrawn  from  the  colder  and  cooling  regions  to  the  hotter  and 
heat-producing  organs.  This  va^icular  change  may  be  used  to 
explam  the  fact  that  stripping  naked  in  a  cold  atmosphere 
often  gives  rise  tu  a  <listiuct  increase  in  the  mean  temperature 
of  the  blood,  as  indicated  by  u  thermometer  placed  in  the 
mouth,  though  noKsibly  the  effect  may  be  pai-Lly  due  to  an 
actual  increase  of  the  production  of  heat.  Under  the  influence 
of  external  warmth,  on  the  otiier  hand,  the  cut4U)eons  vessels 
are  dilated,  a  rapid  diiieharge  of  heat  takes  place ;  and  if  the 
circumstances  be  such  that  the  body  can  perspire  freely,  and 
the  iwrspiration  be  readily  evatioratcd,  the  temperature  of  the 
body  may  remain  very  near  to  viv  normal,  even  in  un  excessively 
hot  atmosphere.  Thus,  more  tliun  a  century  iigo.  two  observers 
Were  able  to  remain  with  impunity  in  u  ehamlwr  heatiHl  even  to 
127"  (■JOO'  Kahr.),  and  witii  eiuw  in  one  »>  hot,  that  it  boc4im« 

Iiainful  for  them  to  touoh  the  metal  buttons  of  tlieir  clothing, 
t  is  unnecessarT  to  give  any  more  examples  of  this  regtilatiou 
of  temperature  by  variations  in  the  loss  of  heat ;  they  all  readily 
explain  themselves. 

§  437.  T/ie  production  of  hwit,  iU  variationt  and  regulation. 
As  we  have  iilre4iJy  said  the  exact  determination  of  the  amount 
of  heat  produced  in  the  living  body  ia  attended  with  great 
dilEeulties ;  still  eerluiu  convluMons  have  b«ea  arrived  ut  based 
partly  on  direct  calorimelric  oU^ervatioos,  the  more  recent  ones 
with  improved  calorimetei:!t  bein?  es[)ecially  valuable,  and  jiartly 
an  what  seem  to  be  trustworthy  deductions  from  ob9erved  chem- 
ical eJianges. 

The  rate  of  production  of  heat  in  a  ti\-ing  body  is  deter- 
mined by  a  variety  of  circumataoces.     In  the  first  place  what 
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may  be  called  the  gen(.>ral  rate  of  mftabolisni,  uud  so  of  the 
production  of  heat,  varius  in  differout  kinds  of  animals.  Of 
two  animals  of  tlie  sanm  bulk  and  weight  placed  nnder  th« 
Bamocircumtttitiice»  uiw  "lives  faster'  tliim  the  other,  nietabnlixe« 
ita  living  snbsliince  more  rapidly,  and  so  pi-odnce-i  heat  more 
rapidly-  ThuH  direct  calorimetric  observations,  as  far  aa  thay 
Ht  present  go,  shew  that  a  man  on  the  average  produces  more 
heat,  per  kilo,  per  hour,  than  docs  a  dog,  and  a  dog  more  than 
a  rabbit.  Probably  every  species  ha«  what  may  hv  called  its 
flpecitic  cocDicient.  mid  «v«ry  individual  his  personal  cix-iricicnt 
of  lioat-prodiioliou,  tlie  c-oclliciinit  being  Uifi  ex]>resi«i<m  of  the 
iuhorn  iinalilies  propt-r  to  the  living  substance  of  the  species 
and  of  the  individual. 

A  larger  li\'ing  body  will  naturally  produce  more  heat  than 
a  smaller  living  body  of  the  aame  nature,  since  the  larger  body 

riOHsesses  so  to  ii]Mmk  a  greater  number  of  heat-producing  units, 
(ut  this  IK  neutralized  by  an  opposing  tendency.  Th«  smaller 
body,  having  relatively  to  its  bulk  a  larger  amount  nf  siirfacv, 
loses  heat  at  a  more  rajiid  rate  than  does  the  larger  body  ;  and 
therefore,  to  maintain  the  baltince  between  his.s  and  pro<luetion, 
so  as  to  secure  the  same  constant  bodily  temperature  (and  as  we 
have  just  seen  the  bodily  temperature  of  warm-blooded  animals 
id  remarkably  uniform),  it  must  produce  heat,  per  unit  of  its 
body,  at  a  more  rapid  rate.  As  a  rule  the  greatei'  loss  of  heat 
owing  to  the  relatively  greater  surface  is  so  marked  tliat  of  two 
animalt  having  the  same  constant  bodily  temperatin-e,  of  two 
species  of  mammals,  or  uf  twu  individuals  of  the  same  race,  we 
should  exiject  the  smaller  one  to  i>roducc  a  relatively  larger 
amount  of  hejit.  And  direct  oaloi-iuietric  obnervatioiis  shew 
that  this  is  so.  The  struggle  for  existence  has  raised  what  we 
have  just  called  the  specific  or  personal  eoethcient  nf  tlie  smaller 
animal. 

From  what  we  have  seen  concerning  the  immediate  effects 
of  a  meal,  we  shoidd  be  inclined  to  expect  that  food  would  t«lD- 
porarily  iiiereasu  the  production  of  heat :  and  not  only  is  tliis 
view  coulinned  by  common  experience  and  liy  our  own  scnsa- 
1  ions,  but  direi't  calorimetric  obriervntions  atford  experimenUil 
pi-oof  nf  its  truth.  In  the  dog  it  has  been  found  that  the  rate 
of  production  incieascs  after  a  meal,  reaching  its  maximum  from 
the  6th  to  the  9th  hour,  and  then  declining  to  a  level  which  may 
l>e  regarded  lui  that  secured  by  the  general  metabolism  of  the 
body,  itnrl  which  appears  to  be  maintained  tvith  remarkable  con- 
stancy until  lifter  hmg  starvation  the  economy  bcgioa  to  break 
down. 

Labour.  iiniKCitlar  work,  has  a  powerful  iuftuence  in  increas- 
ing tlic  production  of  heat.  As  wd  have  aeen,  of  the  total  beat 
pro<liiccd  in  the  body,  a  certain  portion  must  always  be  attrib- 
uttfl  lo  muscular  contractions  which  even  in  the  most  quiet  body 
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arc  alwayti  fifoinf;  od;  in  an  ordinary  active  body  a  cooddi-Tubli; 
<]twntity  of  heat  must  be  thns  generated,  llencc  the  monj 
jtctive  the  l>o(ly  the  greater  t4>e  production  of  heat.  As  we 
stated  before,  ip  a  contraction  the  projiortion  of  the  energy  set 
free  to  do  work  to  that  net  frvu  us  hvut  uiiucurs  to  vary  undi^r 
diETurt-nt  ciretmistanccH  :  nnd  the  increimu  of  hcut  due  to  Icihoar 
probably  varit's  In  a  lOrn-jtiioiiilinf;  wiiy.  TIic  ilvtuil»  of  llii» 
relation  huvti  yet  u>  be  worked  out,  liut  we  may  ut  lea^it  uonebiile 
that,  when  a  man  piuihes  hia  daily  labour  beyond  the  L50,0OU 
kjn.,  tho  additional  energy  thus  lea\'ing  lus  body  as  work  done 
is  not  taken  out  of  the  850,000  k.m.  given  in  §  422  as  the  a\'er- 
Af^'  daily  output  of  heat,  but  the  total  lictttng  frev  of  vnerg>~ 
and  the  tot^il  production  of  huat  i»  at  thu  «aiue  timu  in- 
ureaited. 

§  428.  The  production  of  heal  thu**  determined  by  these 
iieveral  influences,  8onie  of  which  are  theniHelveo  reflated  by 
the  nervotut  ttyateni,  in  further  regulated  in  a  remarkable  manner. 
For  it  is  not  solely  by  variations  in  the  loss  of  heat  that  the  con- 
stant temperature  of  the  warm-blooded  animal  is  maintained. 
Variat)oui4  in  the  amount  of  heat  actually  generated  in  the  body 
couiititute  an  important  factor  iidt  only  in  llic  mitintenance  of 
the  normal  temperature,  but  also  in  the  production  of  the  abnor- 
mally high  or  low  t^-mpcratures  of  varioutt  dineasea.  Many  eim- 
idderationH  have  long  led  physiologLitii  to  suspect  the  existence 
of  a  nervous  mechaniKm  by  which  afferent  impulses  arising  in 
the  skin  or  elsewhere  might  through  the  central  nervous  system 
<ffiginatc  efferent  impulses  whose  eflfect  would  Iw  to  inei-esise  or 
to  diminisli  the  motauolism  of  the  museUis  or  other  organs,  and 
thuB  to  increase  or  diniiuisL  the  amount  of  hejit  generated  for 
the  time  Iteing  in  tlto  body.  And  we  have  ex[>enmentttl  evi- 
dence that  such  metabolic  or  thermogenic  nervous  mechanism, 
comparable  in  many  reiipects  to  the  vaso-motor  mechanism  or 
to  the  various  secreting  nervous  mechanisms.  di>es  really 
exist. 

The  warm-blooded  animal  is  distinguished  from  the  cold- 
blooded animal  by  the  fact  that  when  it  is  exposetl  to  cold  or 
heat,  it  does  not  like  the  latter  become  voider  or  liotter,  as  tlie 
case  may  be,  but,  within  certain  limits  maintAins  it«  norniat  ii-m- 

Girsture.  If  the  maintenance  of  the  temperature  of  the  warm* 
ooded  animal  during  Hxposnre  to  cold  is  assisted  by  an  increased 
production  of  heal  and  is  not  due  simply  to  a  dirainish«i  loss,  we 
ought  to  tind  evidence  of  an  increased  metabolism  during  that 
vxpuHurv.  We  ought  to  find  under  those  circumstances  an  in- 
creaiwd  production  of  carbonic  acid,  and  an  increased  eonsuint»> 
tioa  of  oxygen,  since  It  is  to  these  proilncta,  rather  than  to  the 
nitrogenoti^  factors,  on  the  peculiarities  of  which  as  uncertain 
signtt  of  metalioltsm  we  have  already  insisted,  we  must  look  for 
indications  of  the  rise  or  fall  of  metabolic  activity. 
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Takioe  tben  the  coneumption  of  oxygen,  nnd  the  prodnction 
of  corbomo  acid,  iis  a  measure  of  metalKilic  activity  and  so  of 
heat-production,  it  hatt  been  shewn  that  a  marked  oontraat  in 
this  respect  exists  between  cold-blooded  and  warm-blooded  ani- 
mals expofled  to  changen  of  temperaturi'r.  In  tlie  cold-blooded 
animal,  cold  diminiahes  and  beat  increases  the  metabolic  activ- 
ity of  tho  body  ;  as  the  tumpt^iuluru  to  which  the  animal  is 
subjected  rises  or  fulls,  so  the  consumption  of  oxygen  and  pro- 
duction  of  carbonic  acid  is  increased  or  lessened.  The  body  of 
a  cold-blooded  aiiimal  bebaves  in  this  respect  like  a  mixture  of 
dead  flubtftances  in  a  chemist's  retort :  heat  promotes  and  cold 
retards  chemical  action  in  both  cases.  Very  different  is  the 
behaviour  of  a  warm-blooded  animal.  In  tnis  case,  within  a 
lower  and  a  higher  limit,  cold  increases  and  heat  diminisbea  the 
bodily  metabolism,  us  shewn  by  the  increased  or  diminished 
consumption  of  oxyf^n  and  jiroduction  of  carbonic  acid  as  the 
teniix-niturt-  falls  or  rises.  In  these  anioinls  Iheiv  is  obviously 
a  titeclianisni  of  some  kind,  couiitenicting  and  indeed  overcom- 
ing tboHe  more  direct  effects  which  alone  obtain  in  cold-blooded 
animals.  And  that  this  mechanism  is  of  a  nervous  nature,  is 
indicated  by  the  following  facts. 

When  a  warm-blooded  animal  is  poisoned  by  urari.  the  tem- 
perature falls  and  the  metiiboUsui,  menaurud  by  the  consumption 
of  oxygen  and  the  production  of  ciirboiiio  acid,  sinks  also;  and 
that  the  latter  is  tiie  caiwe,  not  the  effect,  of  the  former  is 
shewn  by  the  fact  that  the  metaboli.sm  continues  to  fall  though 
loss  of  heat  be  prevented  by  surrounding  the  animal  with  wrap- 
pings of  cotton  wool.  In  such  a  urariEed  animal,  exposure  to 
higher  temperatures  augments  and  exposure  to  lower  tempera- 
tures diminishes  metaltolisut ;  the  uranzcd  warm-blooded  ani- 
mal in  fact  behaves  like  a  cold-blooded  animal.  Similar  but 
perhaps  not  such  striking  or  so  constant  results  are  gained  by 
division  of  the  spinal  bulb.  .Vfler  this  ojieration  the  teniiwrw- 
ture  of  the  body  sinks,  and  llie  fall,  though  partly  due  to 
increiised  loss  of  heat  by  the  skin,  cause<l  by  the  dilated  condi- 
tion of  tbe  ontnneons  vessels,  is  also  aecompanied  by  diminished 
raetaljolism  and  is  therefore  in  part  duo  t*!  diminished  produc- 
tion of  heat.  And  when  an  animal  is  in  this  con<lition,  expo- 
sure to  higher  temperatures  inereases  and  eX|JOfiurB  to  lower 
temperatures  diminishes  the  bodily  metabolism.  We  can  best 
explain  thesu  results  by  supposing  that,  under  normal  condi- 
tions, tbe  muscles,  which  as  we  have  seen  contribute  so  largely 
to  the  total  heat  of  the  body,  are  placed,  hy  means  of  their 
motor  nerves  and  the  ctmtral  nervous  system,  in  some  8i>eei«I 
connection  with  the  akin,  so  that  a  lowering  of  the  tempenitnre 
of  the  skin  leads  to  an  increase,  while  a  heigbt^Miing  of  the 
temperature  of  the  skin  leads  to  a  decrease,  of  tbe  muscular 
metabolism.     Further,  the  coutro  of   this   thormotaxic  reflex 
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mechanism  appears  to  bo  placed  sonwwhoro  in  the  nervoua 
xr8t«m  ubove  tlio  spinal  coru.  Whvu  iirari  is  (ifivoD.  the  reflex 
chain  in  broken  at  its  iiiiiiiuulur  end ;  when  the  spinal  cord  is 
divided  the  break  i»  nearer  the  centre. 

We  may  nilit  that  the  luiiRcitlar  metabolism  which  thus  helps 
to  repiilate  temperature  need  not  involve  visible  niuRonbir  eoii- 
traotions.  At  the  wamo  time  the  heut  given  out  by  the  nniReleK 
will  bo  tenij)orarily  increased  at  every  contraction  which  may 
occur.  Thus,  the  shivering  which  follovit  vxposure  to  cold 
distinctly  helps  to  wanii  the  body;  indeed  some  observers  have 
been  led  to  think  that,  in  man,  tltis  vitciblu  etTect  of  cold  plan's 
a  mure  important  part  in  liis  heat  regiilatimi  than  the  invisible 
nctioiiH  which  we  have  ju.st  dexcribeU.  We  may  abo  add  (hut 
the  regulative  nervous  mechanism  may  ai)parently  l>e  overborne 
Iw  an  exposure  to  too  great  heat  or  cold,  Wlien  for  inittaiice 
the  cold  to  which  the  animal  is  exposed  becomes  excessive,  tlie 
reaction  of  the  thcrmotaxic  nervous  system  is  powerless  against 
the  direct  iictioii  on  the  (issues  of  the  depressing  intlueuces, 
and  the  metabolism,  together  with  the  tenipentlnre,  sinks, 

§  429.  Ill  a  nuinlier  of  exjierimeiits  it  has  Iwen  sliewn  that 
injuries  to,  such  nut  those  e4»ii.sed  by  puncture  or  galvanic  cautery, 
or  electrical  stimulation  of  limited  jmrtions  of  tlie  jnom  een- 
tral  portions  of  the  brain  may  give  rise  to  a  great  increase  of 
the  temperature  of  the  body  without  producing  any  other 
marked  symptom.  The  increase  is  shewn,  by  the  increase  of 
metabolism,  mcrcasc^l  production  of  carbonic  acid  and  increased 
consumption  of  oxygen,  as  well  as  by  dirt^ct  ealorimctrie  obser- 
valionH,  to  be  due  to  an  increased  production  of  heat.  This 
natiiniUy  suggenti*  that  the  portions  of  the  brain  in  question 
contain  the  liyjiothotical  heat  centre  jnst  mentioned,  the  lesion 
on  stimulation  exciting  the  centre  to  activity  by  direct  action 
on  it.  instead  of  in  the  usiuil  reHex  manner.  1  he  matter  has  not 
however  as  yet  l>een  clearly  worked  out;  and  indeed  oljservfrs 
are  not  agreed  as  to  the  exact  parts  of  the  brain  injury  to  which, 
or  stimulation  of  which,  produces  the  effect-. 

§  430.  l$y  regulative  nieclianiaius  of  the  kind  just  dis- 
tiuiwed  the  temjterature  of  the  warm-bloiKled  animal  is  main- 
tained within  very  narrow  limits.  In  ordinary  health  the 
temperature  of  man  varies  between  36*  and  38*,  the  narrower 
limits  lieing  :Ki-25°  and  37 -.V.  when  the  thermometer  is  placed 
in  the  axilla.  In  the  mouth  the  reading  of  the  thermometer 
is  somewhat  {-25*  to  1'5°)  higher;  in  the  rectum  it  is  still 
higher  (about  '9')  than  in  the  mouth.  The  temperature  of 
iniants  and  children  is  slightly  higher  and  much  more  aus- 
ceptiblc  of  variation  than  that  of  adults,  and  after  -10  years  of 
age  the  average  maximum  ti-mjKjrature  (of  health)  is  somewhat 
lower  than  before  that  epoch.  A  diurnal  variation,  indepen- 
dent of  food  or  other  circumstaucea,  has  been  observed,  the 
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iiiitxitnum  ranging  from  ',*  a.m.  Ui  t!  I'.M.  and  the  mininiiim 
from  11  P.M.  tn  3  A.M.  Meals  rause  sometimes  a  alight  elera- 
tjon,  somotimex  u  slight  (leprewtioii.  the  (lin.'cticn  of  thiT  infln- 
enco  dcpcitding  on  tlic  nature  of  the  food:  alcohol  seems 
always  to  pruduci;  a  full.  Exvrcist;  and  vnriationK  of  e\t4^riia1 
temperature,  witliiu  ordimiry  limits,  oaiisc  very  flight  i^hangc. 
on  ucoouiit  of  the  comjjenMatiiig  inHnences  which  have  be«u 
di8CiLi4»«(l  above.  The  rise  from  even  active  exercise  does  not 
amonnt  to  1°;  when  labour  is  caiTied  to  exhaustion  a  depres- 
sion of  temj)orature  may  Iw  observed.  In  travelling  fi-om  very 
cold  to  very  hot  regions  a  variation  of  less  than  a  dugrce  occurs, 
and  the  tiMnporatu^e  of  inhubitaiits  of  the  tropica  iit  practically 
the  same,  as  of  thtrae  (Iwflliug  in  arctic  regions. 

§  431.  Many  of  the  maliulies  of  the  body  are  ehum(?t«rizetl 
by  an  increase  of  the  bo<iily  temperature  known  m  "fever"  or 
"pyrexia,"  the  thermometer  very  frequently  rising  to  89*  or 
40%  not  unfrequently  to  41°,  and  at  times  reaching  43*  op  even 
44* ;  but  these  higher  temperatures  cannot  long  be  borne  with- 
out the  organism  failing.  And  as  we  have  said,  any  increase 
in  man  of  the  bodily  l^-'mjjcraturo  beyond  88",  or  even  beyond 
3T-<>°,  indicatvs  some  diitturlinn(W.  In  most  cases  tlie  rise  of 
temperature  liitK  n  detiuil«  objective  cause,  some  local  inHnmma- 
tion  or  suppuration,  or,  im  in  specific  fevers,  the  presence  in 
the  economy  of  8ome  "inateries  mnrhi."  of  the  nature  of  an 
organized  genn  or  of  some  other  nature.  We  cannot  here  dis- 
cuss the  connection  Iwtween  tlie  local  inflammation  or  the  spe- 
cific poison  and  the  high  temperature,  but  we  have  increaamg 
evidence  that  the  high  tcmiioraturc  of  fever  is  due.  not  merely 
to  a  diminution  of  the  lotis  of  heat,  though  this  may  be  a  factor, 
but  also,  and  indeed  chiefly,  to  an  increased  production  of  heat. 
In  fever,  the  production  of  cavlHiiiie  acid,  and  the  consumption 
of  oxygen,  ihat  is  to  say,  the  metabolic  changes  of  the  tissues, 
are  increased.  The  tirea  also  Ls  increost^'d,  and  that  in  such  a 
way  as  to  confirm  the  view  already  expresited  that  much  of  the 
heat  cornea  from  such  a  metabolism  of  the  skeletal  muscles  as. 
utilike  an  ordinary  contractioti,  directly  involves  the  nitroge- 
nous elements.  The  inordinate  metabolism  of  the  body  at 
large  thus  characteristic  of  fever  is  shewn  by  the  wasting 
which  it  eulails.  Calorimetric  obser\'ations  also  shew  in  a 
direct  manner  that  the  production  of  hont  is  increased.  Of 
course  mere  iiicrsasi^d  prodviotiou  alone  would  be  iiisnfiicient 
to  raise  the  temperature  of  the  body,  for  it  might  be  met.  np 
to  a  very  high  limit,  by  a  compensating  increase  of  loss  of  heat ; 
but  in  fever  this  compeiuiation  is  wanting,  and  it  is  perhaps 
this  al>sencc  of  due  regulation  which  is  most  characteristic  of 
iht!  febrile  condition. 

In  Kome    maladies  the  bodily  temperature   falls   distinctly 
below  the  nonnal  average,  reaching  for  instance  ^'  or  even 
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lower.  In  such  canex  tli«re  i:an  he  little  dniibt  thai  tlw  uni' 
<Ution  U  due  to  dimiiiUhetl  nietabolUni  and  dimini.ilied  heat 
prodiKriion. 

One  of  the  moat  marked  pliennmena  of  sturvation  is  the 
fiUI  uf  tfuipiiratiiri.'.  which  bcconit-s  vpry  rapid  during  the  last 
days  of  life,  'lliv  lowLTcd  mctiiboliimi  diministivs  the  produc- 
tion of  heitt,  and  tliv  towered  Iviuju-niturv  in  turn  Htill  furthvr 
diminishat  the  metaholi»m.  Indeed  the  low  temperature  is  ii 
powerful  factor  in  bringing  alwut  death,  for  life  may  lie  much 

Srolonged  by  wrapping  a  ntarving  animal  in  8ome   hnd   OOD- 
uctor  so  as  to  economize  the  bodily  heat. 

§  433.  Electa  of  Great  Heat.  As  we  said  above,  the  regu- 
lative hwit  niL-oliHuiitm  is  unable  to  wiUurtand  the  strain  of  too 
great  an  external  heat  ur  too  prolonged  nn  c-xposuro  to  a  great 
but  less  degree  of  heat.  The  ttmperature  of  the  body  then 
rises  above  the  normal  ;  and  it  has  been  obHerved  that  UK- 
temperature  is  more  easily  raisod  by  wMriiilh  than  depi'essed 
by  cold,  at  least  when  neither  are  very  intense.  When  either 
in  thifl  way  by  external  warmth  or  through  pjTexia  the  tem- 
perature of  the  body  is  raiseil  some  ti*  or  i"  above  the  normal, 
to  45'  or  thereabouts,  death  speedily  ensues.  The  chain  of 
events  thus  leading  to  death  has  not  Won  as  yet  clearly  made 
out,  aud  most  likely  the  events  <lo  not  tske  exactly  the  same 
(Xiur«e  in  all  eases;  but  wc  shall  prolmhly  not  go  far  wrong 
in  attributing  death  to  the  fact  that  the  high  temperature 
hurries  on  the  iiiot«boIi»m  of  the  several  tissues,  of  some  more 
than  others,  at  Mieh  a  spendthrift  rate  that  their  capital  is  soon 
exhausted.  We  have  seen.  §  MOl,  that  too  warm  blood  pro* 
duces  dyspna-a.  and  soon  exbaustfl  tlie  metabolic  capital  of  the 
respiratory  centiv.  Too  warm  blood  similarly  hurries  on  the 
iK-ats  of  the  heart  :  an  explosion  of  the  contractile  substance  is 
each  time  piTmnturely  brought  on  before  a  suOieient  cguantity 
of  explosive  sultstancti  is  accumulated,  eacb  sti'oke  becume« 
more  and  more  feeble  as  the  rate  is  c]iiiekened,  the  beal«  he- 
oome  irregular,  and  finally  ecase.  Either  of  these  two  eventit 
alone  and  certttinlv  both  together  are  enough  to  bring  the 
working  of  tlie  bodily  mechanism  to  an  end  :  out  other  tissues 
Iteside  tne  heuirt  and  the  respirntory  centre  are  suffering  in  the 
same  way.  notably  the  rest  of  the  central  nervous  s>'stem. 
This  too  Li  being  linn-ied  on  undnly  in  its  inner  ehanges,  so 
that  not  only  consciousness  is  lost  and  other  objective  manifes- 
tations of  nervous  action  go  wrong  or  fail,  but  tJiat  regidatjve 
grasp  of  the  central  nervous  system  on  the  linsnes  of  the  body 
at  large  is  loowoned.  and  tumult  takes  the  place  of  order. 
Whether  this  or  that  sign  of  disorder  comes  to  the  front, 
whether  for  instauiie  eonvulsions  take  place,  would  appear  to 
depend  upon  the  exact  turn  taken  by  the  abnormal  events.  In 
heat-stroke,  more  commonlv  known  as  sun>!<trohe.  the  essential 
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coDdition  of  which  seenu  to  be  a  rapid  rise  of  the  Umpentaro 
of  th«  bo<ij'  owing  to  a  Budden  failure  of  the  lli^niiouxii.-  mK«h- 
aoism,  the  symptomii  vitry.  SometiTues  the  heart  ixiddrnly 
gireH  way.  at  other  timai  the  resijiratur>'  (centre  seeio-t  to  l>e 
more  directly  affected  ;  sometimes  coavubioos  make  their  ap- 
pearance, but  more  commonly  death  takes  place  through  a 
comatOBe  condition  of  tbe  brain,  an  initial  phase  of  excitement 
of  the  ccnlnd  nervous  sj'stem  bcinj;  not  uufrequently  nitncssed. 

Mammulian  iiiu»clv.  it  will  be  rvinenibtrred,  §  79.  becomes 
rigid  at  about  Tt*!*;  bnt  death  probably  alwaya  oociin«  bt-for 
that  higher  tempeniture  is  reaeiie<l  by  the  blmld,  do  that  a  sud-^ 
den  rigor  niortiH  from  heat  (rigor  caloria)  cannot  l>e  reganleil 
S8  a  factor  in  «leatb  from  exposure  to  too  great  heat. 

§  433.  Effeett  of  Oreat  Cold.  The  effects  of  a  too  grest 
lowering  of  the  temperature  of  body,  which  is  generally  the 
reHuIt  of  too  great  cxtcniul  colli  and  rarely  if  over  arises  from 
internal  eauww  lowering  the  metHboUam  and  thu»  the  produc- 
tion of  heat,  arc  in  tlieir  origin  the  reverse  of  those  of  a  too 
high  tem[>erature.  The  metalKilJHm  of  the  tiissues  is  lowered; 
and  not  only  are  the  katalioUc  changes  which  lead  to  the  setting 
free  of  energy  thus  affected,  but  the  anabolic  changes  also  altare 
in  the  depression.  The  "living  substance"  falls  to  pieces 
rr^idily,  but  iti  abto  made  up  leas  readily:  and  could  this  fllack-^ 
ening  of  mctikbulism  be  carried  on  in  the  several  tissues  at  a 
Dtle  pruportionittu  to  tbv  rutc  at  which  each  tissue  lives,  life 
might  thus  lie  brought  to  a  peaceful  end  by  gradual  arrest  of 
the  life  of  eitoh  pari  of  the  whole  bo<ly.  .And  Indeed  in  some 
eases,  where  the  lowering  of  the  temperature  takeo  plnoe  gradu- 
ally, something  like  this  does  occur  even  in  warm-bloiMled  ani- 
mals.  The  diminished  metabolism  tells  tirst  and  chiefly  on  the 
central  nervous  system,  especially  on  the  brain  and  niore  particu- 
larly on  those  parts  uf  that  organ  which  are  cuncemed  in  con- 
sciousness. The  intrinsic  lowering  of  the  cerebral  metabolism 
is  further  assisteil  by  a  slowing  of  the  hearl-beat  and  of  the 
breath,  drowsines;^  is  succeeded  by  a  condition  very  like  to,  if 
not  identical  with  that  known  as  sleep,  which  we  shall  study 
later  on.  but  by  a  sleep  which  insensibly  passes  into  the  sleep 
of  death,  fn  some  cases,  however,  especiaily  those  in  which 
the  lowering  of  the  temperature  is  sudclen  and  rapid,  disorders 
of  the  nervous  system  intervene,  and  eonvulsiona  like  those  of 
asphyxia  are  produced. 


SEC.   a     ON  NUTRITION   IN  GENERAL. 

§  434.  It  may  nov/  be  profitable  to  take  a  brief  survuy  of 
the  various  conclusions  at  which  we  have  arrived  coiiccrmng 
the  nroblems  of  nutrition. 

We  have  seen  that  tlic  several  tissues,  using  lymph  as  a 
medium,  live  upon  tlic  blood,  taking  up  from  the  blood  the  mate' 
rials  for.  and  returning  to  the  bluod  the  [)r(Kluet8  of.  their  meta- 
bolism. The  blouil  it»clX  wo  have  »Imo  »ueu  to  bo  replenished 
with  food  from  the  olimeutary  ciiiial  aiid  witli  oxy^n  from  the 
lunfpt,  and  to  lie  freed  from  waste  proiluctn'  by  inuuu  of  the 
excretory  organs.  In  thi»  double  action  the  raw  ituittirial  of 
the  food  on  tbe  one  hand  undergoes.  l>eiween  ils  beiiifj  placed 
in  tlie  mouth  and  its  taking  part  in  the  metaboliiuii  of  tbe  tiHMue 
which  ultimately  uses  it,  many  iutt-rmediate  changes  carried 
on  in  various  parts  of  tbu  body,  and  tbe  waste  products  simi- 
larly undergo  intermudiat«  chiutf^'s  between  leaving  the  tissue 
and  appearing  in  the  urine,  tbe  Kweat  or  the  expired  air. 

We  have  further  (teen  r«fi.-40ti  to  think  thut  the  metabolic 
events  of  the  body  Uke  place  in  tbe  main  in  the  tissues,  not  in 
tlie  blotiil  stream  on  its  way  l>etween  the  heart  and  the  tissues. 
Changes,  proper  to  tlie  blood  itself,  take  place  in  tlie  blootl; 
the  corpuscles,  red  and  white,  with  the  plasma  undergo  like 
tbe  KSt  of  the  body,  their  pro|)er  metabolic  cycles,  and  in  thia 
sense  blood  may  hv.  called  a  ti^tue  if  there  is  any  advantage  in 
using  the  phriute;  but,  itjiarl  from  tbeHc  intrinsic  bluod  changes. 
as  for  as  we  can  sev  at  present,  tbe  metaliolism  undergone  dur- 
inf;  their  transit  along  tbe  blood  cb;inncls,  by  the  subslauces 
which  are  merely  carried  in  the  bIoo<l  from  place  to  place,  is 
an  insigniticant  part  of  the  total  metaltolitun  of  the  body. 

By  metabolism  of  a  tissue  we  understand  the  total  chemical 
changes  taking  place  in  the  tissue :  and  we  divide  these  changes 
into  those  wbicti  either  directly  or  indirectly  are  concerned  in 
Uie  building  up  (anabolic)  aiul  lho«e  which  are  in  like  manner 
conoemed  in  the  breaking  down  (katabulic)  of  the  li\-ing  sub- 
stance.    We  shall  explain   presently  what  we  mean  by  tJie 
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woriU  ■direclJj'  iiud  'indirectly'  used  in  Xhw  i^oiinection. 
And  we  may  Iien>  repeat  tlie  c-aiition  (§  30)  (Imt  though  for 
convenience  sake  we  nse  the  plirase  -living  substance,'  wl 
18  really  meant  by  thu  words  is  not  a  thing  or  body  of  •  _ 
ticutar  chemical  composition  but  matter  undergoing  a  series  of 
changes. 

436.  Wc  know  more  about  tht*  chemical  changes  of  muscle 
than  perhaps  of  any  other  tti«suc,  though  tliis  even  ut  the  tuoitt 
is  not  itiuoh,  and  we  may  purhitpi;  tnkv  the  iiutritiuii  of  mu«cle 
as  i\  tyj>e  of  nutrition  in  general.  The  muscle  in  a  normal  staUi 
of  things  lives  ultimately  on  the  proteids,  fats,  carbohydrAlea, 
salts  and  water  of  the  food,  and  on  the  oxygen  of  the  inspiredj 
air,  but  lives  directly  on  the  blood  which  brings  these  tninga^ 
to  it. 

Concerning  the  relation  of  proteids  to  muscle,  we  know 
little  more  than  was  stated  iu  §  140  in  »[x;aking  of  the  he.urt. 
We  can  do  no  more  than  infer,  and  thut  ilonhtfiilly,  that  serum- 
albumin  is  the  form  in  wiilch  the  muscle  takes  up  proteids. 
Concerning  carbohydrates  we  have  apjxirently  a  definite  faet. 
Dextrose  is.  aa  we  have  repeatedly  said,  alwava  present  in 
the  blood  in  small  qiiantity.  and  appears  to  be  tne  only  carbo- 
hydrate constituent  of  blood-plasma.  Experiments  carried  out 
on  a  large  animal,  such  ivs  the  horse  or  cow,  have  shewn  that 
the  venou.s  lilood  coming  from  a  muscle  contains  less  dextnisie 
than  the  iirlerial  hlood  guin^  t<i  the  muscle,  and  that  the  dif- 
ference is  much  increased  by  thmwing  the  mu.scle  into  contrac- 
tion. From  this  we  may  prnvinionally  conclude  that  dextrose 
is  an  essential  part  of  the  food  of  the  muscle. 

Concerning  fats  we  have  little  or  no  knowledge,  but  wej 
may  perhaps  infer  that  the  body  has  power  to  transform  fatsi 
into  carbohydrates  as  it  has  the  power  to  transform  carbohj- 
driitcs  inl«  futs,  and  that  the  carbon  wlielher  of  tlie  fat  or  of 
(lie  carhohyd rates  of  food  is  presented  to  the  muscle  in  the 
form  of  carbohytlrate,  (uimely  of  dexlro»o.  But  we  have  no 
distinct  proof  of  this. 

The  various  salts  brought  to  the  muscle  by  the  plasma, 
though  they  supply  no  energy,  are  as  essential  to  the  life  of 
inuscte  as  the  energy-holding  proteid  or  carbon  compound;  antl 
experiments  made  with  regiinl  to  some  of  them,  calcic  salt^i  for 
instance,  s)ie\>'  that  their  presence  or  ahsenco  materially  affects 
the  maintenance  or  restoration  of  irritability.     Some  of  tite-se 

firol>ahIy  play  the  part  only  of  securing  by  their  presence 
avQurable  conditions  for  the  due  metabolic  processes,  some- 
what after  the  way  in  which  the  presence  of  a  calcic  salt  deter- 
mines tlic  clotting  of  blood  and  the  curdling  of  milk;  but  some 
we  probably  ought  to  regard  na  actually  entering  into  the  pro- 
cesses themselves.  Of  these  matters  however  we  know  verv 
little. 
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g  436.  The  products  of  mtucular  melftboliRm  pass  into  ttiv 
lymph  bathing  ttie  fibre  and  ho.  either  by  a  direct  path  into  the 
capillarira  or  oy  u  moro  circuitouii  coarse  through  the  general 
lymphatic  systvin,  Liitu  tliv  blood.  Thr  (uto  of  the  carbonic 
iK'id  we  hiive  fully  treuted  of  iii  dealing  with  ntspirntion:  thv 
little  we  know  concerning  the  nitrogeuoiix  product  or  pruduvl« 
iws  l>een  stated  in  dealing  with  urea;  the  third  recogniKed 
product  lit  lactic  acid,  sarcolactic  acid.  Did  any  considerable 
amount  of  oxidation  take  place  in  the  bloml  8treani  while  the 
blood  is  flowing  along  the  larger  channels,  subject  only  to  the 
iadiience  of  tlie  vascular  walls,  we  might  fairly  cx|>cct  that 
the  lavtic  acid  discharged  from  the  musics  would  be  subjuctml 
to  oxidizing  influences  while  still  within  the  blood  stream  of 
Che  larger  channels.  We  have  however  no  sutixfactory  evi- 
denc«  of  any  lactic  acid  being  oxidized  in  thi»  way.  (>n  the 
contrary,  there  is  a  certain  amount  of  experimental  and  otlier 
evidence  that  lactic  acid  present  in  the  olood  is  nomehow  or 
other  disposed  of  by  the  liver;  and  that  if  the  liver  fails  to  do 
its  duty  lactic  acid  laay  apjMrar  in  the  uriue. 

^  437.  We  may  here  ask  the  question.  What  is  the  rolation 
of  tliese  various  in«taboUc  processes  to  the  structural  elemenls 
of  the  tissue  ?  When  we  iuiy  that  the  inu^ular  flbre  is  continu- 
ally undergoing  metabolism  do  we  mean  that  everv  jot  and  tittle 
of  the  fibre  is  undergoing  change  and  that  at  the  same  rate? 
We  can  hardly  suppose  this.  It  seems  unlikely,  for  instance, 
that  the  metabolism  of  the  fibrillar  subBtancc  is  ideuticul  with 
that  of  the  iut«rlibrillar  substaucv.  wluitevvr  be  the  view  we 
take  as  to  the  properties  or  iiieAiiing  of  the  two  substAnccs. 
We  should  thus  W  led  to  regard  the  metabolic  events  occurring 
in  miisele  as  falling  into  two  classies  at  least;  those  taking  place 
in  the  living  more  iiermanent  framework,  and  those  bearing  on 
the  formation  anti  destruction  of  the  contractile  sulistance 
lodged  in  that  living  framework.  These  of  course  are  at  pres- 
ent matters  of  speculation:  but  un  lliv  whole  the  evidence  we 
can  gather  t«nds  and  [>erhai)H  bicreasingly  tends  to  shew  that 
in  muscle  there  does  exist  such  a  framework  of  what  we  may 
call  more  distinctly  living  substance  which  rules  the  histological 
features  of  the  fibre,  and  whose  metabolism  though  hign  in 
qualitv  does  not  give  rUe  to  massive  discharges  of  energy,  and 
Uiat  tlie  interstices  so  to  sjieak  of  this  framework  are  occupied 
by  various  kinds  of  material  related  in  different  degrees  to  the 
fnamcM'ork  and  therefore  deserving  to  bv  spoken  of  as  more  or 
less  living,  the  chief  ]HLrt  of  the  energy  set  tree  by  nuiM^le  com- 
ing  directly  from  the  metabolism  of  some  or  other  of  this  mate- 
rial.  And  the  .'<ame  view  may  be  extended  to  other  lis.iueK. 
Itoth  the  framework  and  the  intercalated  material  undergo 
metabolism,  and  liave,  in  different  degrees,  their  amibolic  and 
katabolic  changes;  both  arc  concerned  in  the  life  of  the  living 
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suhfttanra,  but  one  more  directly  than  the  otlier,  iin<l  this  is  wliut 
WHO  meant  by  the  terms  'directly'  aiid  Mndirectly,' use*)  in  §484. 

§  438.  whether  the  chief  product  of  the  nietahnli»m  of  any 
tissue  he  a  proteiU  sulwtaiice,  or  a  fat,  or  a  carliohydrate.  proteid 
substance  is  the  pivot  so  to  speak  of  the  luctaboliam.  an(l  nitro- 
cenOUH  bodies  iihvay  uppcnr  an  the  products  of  uictaholisru. 
This  in  strikingly  seen  in  the  nutrition  of  plants  where,  as  far 
as  mere  bulk  or  weight  im  concerned,  the  uclive  nictuboUzii 
tiirutue  ia  inaigniHcaiit  compared  witli  the  mnn*  of  produets 
nietalxilism  heaped  up  in  the  form  of  starch  or  cellulose  or  some'' 
allied  carbohydrate.  The  jtrotoplasm  of  a  vegetable  cell  soon 
becomes  a  mere  film  bearing  a  heavy  burden  of  heaped  up 
mctabulie  proilucts  and  eventually  diimpiK'urs ;  and  of  that  tilra 
only  a  part  corresponds  to  what  we  spoke  of  above  as  the  living 
framework  of  the  muscle.  Vet  that  seanty  proteid<built  fmmu- 
work  is  more  or  less  directly  eoneerned  iu  the  productiou  of  tho 
earbohydrate  material  and  the  various  conversions  which  titat 
material  undergoe.s,  I'roteid.  nitrogen,  changes  are  entangled 
with  the  carbon  changes :  and  since  the  products  of  metabolism 
in  the  plant  are  not  as  in  the  animal  ciutt  out  of  the  organisui, 
but  for  the  most  part  heaped  up  within  it,  we  find  the  plant 
storing  up  in  parts,  where  if  they  serve  no  useful  purpose  they 
ut  least  do  not  harm,  nitrogenous  products  of  uietabulism,  such 
as  those  known  as  vegetable  alkaloids,  many  of  which  by  their 
ainide  nature  betray  their  kinship  to  the  animal  nitrogenous 
product  urea. 

§  439.  In  the  preceding  chapters  of  this  work  we  have  had 
abundant  evidence  that  the  metaoolism  of  the  tissues  ia  subject 
to  the  government  of  tlie  central  nervous  system ;  tbe  contrac- 
tion of  a  muscle,  the  secretory  activity  of  u  gland,  the  increased 
or  diminished  production  of  heat  all  afford  instances  of  nervous 
impulses  affecting  metul>olism.  In  most  of  these  iuslauees  the 
changes  induced  fall  within  the  rlnwnward,  katiibolie,  phase 
and  have  a  downward  character :  thus  when  a  muscle  contraetA, 
the  result  is  a  conversion  of  more  complex  bodies  into  simpler 
bodies ;  and  the  same  as  far  as  we  can  see  is  true  of  most  other 
cases.  But  it  is  open  for  us  to  suppose  that  nervous  impulses 
might  affect  the  upward,  anabolic,  phase  and  have  s  constructire 
iuHuence. 

At  all  events  we  are  not  jii»tilied  in  assuming  that  a  nervous 
impulse  can  only  produce  disruptive  kalabolic  ebanges  such  as 
are  seen  in  muscular  contraction  or  in  secretion.  The  effects 
of  stimulating  a  nerve  going  to  a  muscle  or  a  salivary  gland 
are  striking  and  obvious  and  the  behaviour  of  a  muscle  or  a 
gland  as  far  as  contraction  and  secretion  are  concerned  is.  within 
certain  limits,  under  ex {icri mental  control.  But  there  are  cer- 
tain phenomena,  seen  eliie%  in  the  course  of  disease,  and  lyings 
to  u  very  small  extent  only,  within  the  control  uf  experiuieut 
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which  seem  to  shew  that  the  central  aervous  system  governs 
the  metabolic  changes,  the  nutrition,  not  only  of  muacle  and 
gland,  but  of  various  other  tisiiuvs  in  a  dueper  and  more  general 
way  thsu  that  of  simply  promoting  (or  hindering)  contraction 
or  sucrvtion.  ThiM  a»  wu  have  seen  (§  78)  whvn  the  l;onn(^<:tiun 
between  a  mUMcli;  and  the  contra)  uervuuK  sy»tt*ni  is  severed, 
the  muscle  eveiilmilly  wastes  and  loses  its  vitality;  wlien  all 
the  nerves  going  to  the  sub-maxiUary  gland  are  sevei'ed,  the 
gland  instead  of  ueing  as  in  the  normal  condition  intermittently 
active  and  quiescent,  [murs  forth  a  continuous  "  paralytic  ' 
secretion  and  eventually  degenerates  and  wnstt.''!!.  When  in  a 
rabbit  tiiv  lifth  nerve  is  divided  in  the  ukuU  the  loss  of  sensation 
in  those  parts  of  the  face  of  which  it  in  the  sensory  nerve  is 
followed  by  nutritive  changes.  Very  soon,  within  twi-nty-four 
houi-s,  the  eoiiiea  Ijecomes  elondy  ;  and  tliis  is  the  preeursor  of 
an  inflammation  whieh  may  involve  the  whole  eye  and  end  in 
its  total  disorganisation.  At  the  name  time  the  nasal  chambers 
of  tJie  side  operated  on  are  intlamed,  and  very  frequently  ulcers 
make  their  api>earance  on  the  lips  nnd  gums.  And  similar 
results  have  Ik'cu  seen  in  other  animals  including  man.  If  the 
operation  be  conducted  in  a  young  anima],  which  subsequently 
lives  to  maturity,  the  head  may  become  bilaterally  um^ymmct- 
rical,  OS  shewn  especially  by  the  skull.  Again  division  of  both 
vogiut  nerves  is  very  apt  to  be  followed  by  inHammattou  of 
both  lungs,  by  fatty  degeneration  of  tlie  heart,  and  so  by  death. 
In  several  of  these  instances  the  effect  is  a  mixed  one  and 
the  problem  complicated.  Thus,  in  the  case  of  division  of  the 
fifth  nerve,  seeing  bow  delicate  a  structure  the  eye  is,  and  how 
carefiiUy  it  is  protected  by  the  mechanisms  of  the  eyelids  and 
{ears,  it  seems  reasonable  to  sup]K>se  that  the  inflammation  in 

auestion  might  simply  be  the  result  of  the  iiritatiun  caused  by 
nsl  and  contact  with  foreign  bodies,  to  which  the  eye,  no 
longer  guided  and  protected  by  sensations,  these  being  destroyed 
by  the  M-ction  of  the  nerve,  became  subject.  In  the  same  way 
the  ulcers  on  the  lips  and  gums  might  be  explained  as  injuries 
inflicted  bj'  the  teeth  on  those  structures  in  their  insensitive 
conditioo.  And  some  observers  maintain  that  the  inflammation 
of  thv  eye  may  be  greatly  lessened  or  altogether  prevented  if 
tlie  orgnn  be  cMrefutly  covered  up  and  in  all  possible  ways  pro- 
teeted  from  the  irritating  influences  of  foreign  bodies.  OUier 
observers  however  have  failed  to  prevent  the  inflammation  in 
spite  of  every  care.  Ko  alio  the  inflammation  of  the  lungs 
following  upon  division  of  botli  vagus  nerves  seems  to  be  due 
not  to  any  oirect  nutritive  action  o?  the  pulmonary  branches  of 
the  vagus  on  the  pulmonary  tissue,  but  to  food  accumulating 
in  the  pluir>'nx  owing  to  the  panilysis  of  the  oesophagus  and 
iaryux,  and  then  passing  into  the  air  passages  and  so  setting 
op  iuflaniiiiutiun.     Death  in  these  cases  is  moreover  often  the 
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fiimple  result  of  munition  cuusc^  br  the  puralyitis  of  thp  cpsoph- 
agus  ullowing  uo  food  to  rvwi\i  the  stonnn-h.  Tlie  phvuomona 
of  the  piu-alytic  iiecretion  of  saliva  ure  also  of  a  oomplicut«d 
nature. 

Rut  even  without  in^iHtin^  on  niich  instances  as  the  ahoix>, 
various  other  phenomena  of  diseaHe  seem  to  indicate  sncli  aii 
influence  of  the  norvoua  systoni  on  nutrition  aa  we  are  discusK* 
ing.  As  exampk-s  we  mii^ht  uicntion  the  rapid  and  peculiar 
df;^  no  ration  of  and  ioss  of  contrmitility  in  the  skvletul  muscles 
in  ccrtiiiii  affections  of  tlii?  spinal  curd,  the  olmuf^-s  iu  the 
muscles  Iwiny  more  liipid  and  profound  than  in  the  nerves ;  the 
phettKUienii  of  ht-d-sores,  especially  the  so-called  acute  bed-sores 
of  cerebral  apoplexy;  some  at  least  of  the  cases  of  vesical  alTec- 
tiona  attendant  on  spinal  or  cerebral  dLseases  or  injuries;  the 
more  rapid  atrophy  and  loss  of  contractility  in  muscles  which 
follow  upon  contusions  of  iivri'cs  as  compared  with  the  cffccth 
of  simple  section  of  nerves;  the  occurrence  of  certiiiii  eruptions, 
such  as  lichen,  zoUii,  ecthyma,  &c.,  in  vai-ious  spinid  or  cerebral 
discascN,  and  indeed  the  general  pheneniona,  and  especially  the 
topography  of  the  eruption,  of  a  large  number  of  cutaneous 
diseases.  Lastly  but  not  least  we  might  quote  the  general  pro- 
cess of  inSammation.  These  are  examples  of  disordered  nutri- 
tion. To  them  we  miglit  add  as  instances  of  altered  hut  yet 
orderly  nutrition  the  remarkable  connt-ctions  observed  between 
changes  in  the  form  of  the  fingers  and  growth  of  the  uuiht  and 
Imirs,  and  ccrlaln  intennil  maladies,  such  for  iiisluiice  as  the 
•  clubbed  lingers '  of  phthisical  and  other  patients,  and  the  like. 
We  might  also  call  attention  to  the  intluence  of  light  on  the 
nutrition  of  animals.  The  experience  of  blind  people  and  blind 
animals  iniUiutcs  some  spoeial  connection  between  visual  sensa- 
tions and  the  nutrition  of  the  skin:  and  this  can  hardly  be  other 
than  a  nervous  connection.  The  effects  of  pruhnigi-d  darkness 
on  nutrition  in  general  and  the  ex{jerimental  rcsidts  wliicii  shew 
that  tlie  totiil  metabolism  of  the  body  is  influenced  by  light, 
also  suggest  some  nervou.t  nction.  I'Fie  influence  of  cold  again 
in  determining  the  growth  of  hair  points  in  the  same  direction- 
Making  every  allowance  for  the  intervention  aa  factors  in 
the  production  of  the  phenomena  quoted  above  of  such  common 
actions  of  the  nervous  system  as  are  already  well  known  to  us. 
such  u  vitso-motor  changes,  making  every  allowance  for  the 
consequences  of  the  failure;  or  bluntness  of  sensation  and  rlie 
absence  of  those  beneficial  after  results  of  mumiular  activity 
which  we  pointed  out  in  §  Hi,  recognizing  moreover  that  changes 
in  one  organ  may  affect  the  condition  of  other  distant  organs 
by  chtniges  induced  in  the  composition  or  qualities  of  the  blood, 
there  still  remains  a  residue  which  seems  distinctly  lo  ftoint  to 
the  COliclusioa  that  the  inlliiencc  of  the  nervous  system  is  nut 
hangcs  of  the  miwh**  tin  belong  to  the  produe- 
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tion  of  costractioua  or  the  generation  of  heat,  but  bears  on  the 
whole  nutrition  of  the  muscle.  Similar  cooBiderations  lead  us 
also  to  conclude  that  the  inSuence  of  the  nervous  system  bears 
on  the  whole  nutrition  of  the  glands,  of  the  blood  vessels,  of  the 
skin  and  the  connective  tissues  in  general,  in  fact  of  nearly  the 
whole  body. 


42 


SEC.  4.    ON  DIET. 


§  440.  An  ordinary  nitui  living  tL'i  ordiiiary  life  will  need 
for  t\\v  iiittinteiiiince  i>f  vi^nroUR  iieulth  a  certain  iimmint  of 
food  of  ii  crii-tiiin  kind;  thiH  we  may  tiike  an  a  normal  diet. 

Presuming  that  the  eX|M3rience  of  man  has  le«l  him  to  adopt 
what  in  good  for  liini.  wo  may  ascertain  approximattdy  the 
Dormal  diot  by  nivalis  of  tlio  ststistical  method,  hy  vxamining 
thi!  naturo  nnd  amouut  of  the  daily  fond  of  a  very  litrpe  numl)er 
of  individuals.  Tlie  nuwt  valuable  data  for  this  purpose  are 
thoxe  (jained  by  inrjuiiifs  amoiifj  jiei-sons  who  ijhoone  their  o«ti 
food  ;  the  results  gained  from  the  diets  useil  in  prisons  or  other 
institutions,  or  among  bodies  of  men  such  aa  the  army,  though 
more  readily  arrived  at,  arc  open  to  the  objection  that  the  diets 
in  nuestion  are  determined  iii  part  by  tlic  theoretical  opiniona 
of  tboHo  whose  duty  il  is  to  lix  the  diet.  Putting  together  the 
various  statistical  results  thus  obtained,  and  selecting  thequun- 
titles  whioh  seem  to  l>e  most  commonly  used  rather  than  at- 
tempting to  strike  a  strict  average  or  take  a  strict  mean,  we 
fmd  that  in  an  ordinary  diet  for  the  twenty-four  hours  the 
several  food-stu£Es  are 

Proteids  from    100  to  130  gnus. 
Fat«  ..        40  ..     80     „ 

Carbohydrates  450  „  650     „ 

to  these  we  must  add 

Salt«         30  grma. 
Water  2800     „ 

The  total  (available)  potential  energy  of  the  lower  Vfitimatc  is 
2610,  of  the  higher  S.W.i  (kilogramme-degree)  calorics,  calcu- 
lated, ill  round  nund>ei-s,  on  the  data  of  §  421.  With  such  a 
statisttcal  diet  we  may  compaj-e  an  experimental  diet,  that  is  to 
say  a  diet  arrived  at  through  a  series  of  trials  on  an  individual 
mail  whaie  body  might  be  taken  to  be  an  average  one.  that  diet 
being  considered  a  uurmal  one  in  which  the  body,  maintaining 
vigorous  health,  neither  gained  nur  lust  in  weight,  and  remained 
moreover  in  nitrogeno\i»  equilibrium  with  the  nitrogen  of  th« 
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ege8tft  equal  to  thttt  of  the  ingesta.  To  make  ftiirfl  iJiat  nnder 
iiDch  a  niet  thn  body  wax  remaining  of  the  same  <^mpnttitinn 
there  ought  to  be  evidence  of  a  carlmn  equitibrium  also,  other* 
wis«  during  the  (leriod  of  the  experimt'ut  fat  might  be  being 
ruplaccd  by  water  (aon  §  415);  but  this  is  unlikely,  and  we 
iDfiy  thvrt-forfi  accept  tho  methwl  im  a  fair  one.  It  has  given 
in  the  houdd  of  two  different  olteervers  tlie  fullowiiig  Huiuewhat 
different  resttiltj^  tlie  diet  A  being  that  already  quoted  in  §  421 : 

A  B 

Proteids  100  grius.  118 

Fats  100       .,         56 

Carbohydrates    340      „      600 
Salts  25      „       — 

Wat«r  2600      „       — 

The  total  (available)  potential  energy  is  respectively  2310,  and 
3035  calurius. 

On  the  whole  the  diets  gained  by  ibe  two  niotliods  Ugrvo 
very  largely.  To  put  down  a  single  column  of  figures  a«  "fAe 
normal  diet"  would  Im  to  affect  a  vain  and  delmtive  accuracy. 
If  we  desire,  for  theoretical  purpoiieH,  to  ttelect  some  one  set  of 
figures  rather  than  others,  we  might  be  influenced  by  the  con- 
siderations that  the  lower  amount  of  proteids  in  the  experi- 
mental diet  was  nearer  the  mark  than  the  luglier  amount  of 
some  of  the  statistical  diets,  and  further  tbal',  where  oubt  is  not 
of  moment,  the  .iiibslitulion  of  tut  for  an  exeees  of  carbohyii rates 
in  desirable.  We  should  be  thun  led  to  take  the  ex|)erimental 
diet  A  aa  on  the  whole  tlie  best  or  most  *  normal  *  one,  and  that 
in  the  one  whirii  we  employed  in  the  calculations  of  ^  421.  It 
will  be  observed  that  the  potential  energy  of  this  ctict  is  leaa 
tlian  that  of  any  of  tbc  otliers,  and,  as  we  said  while  then  speak- 
ing of  it.  may  be  considered  low;  but  there  was  no  evidence 
thjit  it  was  iiiHutlicicut.  Still  it  mu^t  be  rememliered  ttuit 
neither  it  nor  any  of  the  others  is  to  be  regarded  ai*  distinctly 
proved  to  Ite  the  real  normal  diet.  Against  the  experimental 
diet  we  may  urge  that  the  number  of  experimenta  nave  beeti 
few  and  conducted  on  a  few  individuaU  only  at  most,  and  that 
a  larger  number  of  experiments,  with  a  variety  of  combinations 
of  different  amounts  of  the  several  foo<l-Htuffs,  might  lead  to  a 
dUTereut  result :  that  for  instant^'  with  eerUin  amounts  of  fata 
and  carbohydrates,  the  amount  of  proteid  tiemled  to  maintain 
healthy  bodily  etiuilibrium,  including  nitrogenous  eiiuilibrium, 
might  be  reduced  much  below  the  lOO  grammes,  e«i>ecially  if 
partjeular  kinds  of  proteiils,  fat  or  earltohydrates  were  used, 
and  eapecial  attention  (see  §  420)  were  paid  to  the  sslta. 
-Viid  indeed  a  considerable  nutnber  of  observations  have  been 
made  tending  to  shew  that  a  man  of  average  size  and  weight 
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may  continue  in  nitrogen oiiic  liquilibriuni  and  in  good  healtJi 
with  a  daily  ration  <if  iiuurh  lesx  limn  100  fjrin.  protcid,  with' 
us  littlo  u«  40  grm.  for  example.  To  this  w*  slmll  hnvc  to 
ref«r  in  speaking  of  a  vegetable  diet.  Againtut  tlii:  stHtUticit] 
c!i«t  on  the  other  hand  we  may  urge  that  inRtinei  i.s  not  an 
unerring  guide,  and  that  thL-  choice  of  a  diet  is  determined  by 
many  otlier  circumBtancwa  thati  the  physiological  value  of  the 
food. 

§  441.  Taking  however  some  Huolt  diet  »»  the  above  to  be 
the  appruxinmttdy  Inii:'  normal  diet,  we  tiiay  call  attention  to^ 
the  fuel  that  the  noiinal  diet  is  made  up  of  each  of  ihe  thrw 
great  food-stuffa,  carbohydrates  lieing  in  exeess.  We  may  here 
remark  incidently  that  the  diets  of  both  the  carnivora  and 
herbivora  agree  with  that  of  omnivora  in  containing  all  three 
food-stuffs :  thoy  differ  from  each  other  as  to  tlie  relative  pro- 
portions only.  As  \vv  liavo  wen,  ihe  body  may  be  maintained 
ui  equilibrium  on  pruteid  food  alone;  but  uii  ex  el  us  ively  pro- 
tcid diet  is  not  only  bi>ught  dearly  in  the  market,  but  also  paid 
fiir  dearly  within  the  eeonomy  ;  we  are  of  roiirse  now  speaking 
of  TOHii.  To  obtain  the  neceRsary  carbon  out  of  th«  earlion 
moiety  of  proteid  unnecessary  labour  is  thrown  on  the  economy, 
and  the  system  tends  to  become  blocked  with  the  amides  and 
other  nitrogenous  waste  arising  out  of  the  nitrogen  moiety 
simply  thrown  off  to  secure  the  carbon. 

Fats  and  ciirbohydrules  ai-e  much  more  akiu  to  each  other 
than  i^  cithei-  tu  proteid;  and  if  on  the  one  band,  as  (g  435) 
seems  possible  or  even  probable,  the  fat  of  the  food  and  of  the 
body  ia  converted  into  sugar  either  on  ita  way  to  become  built 
up  into  the  tissue  or  in  the  course  of  the  changes  taking  place 
outside  the  real  living  framework  of  the  tissue  by  which  it  is 
reduced  to  carbonic  acid,  and  that  on  the  other  hand  carbohy- 
dratew  can  furnish  the  fat  whose  presence  in  the  body  is  ncees- 
.sar)',  we  might  expect  (hat  earboliydnife  nlunc  without  fat 
might,  with  proteid,  form  a  normal  diet.  Hut  on  this  point 
cxperienee  is  probably  to  be  trusted  ;  and  we  may  infer  that 
in  every  uornml  diet  aome  fat  at  least  must  be  added  to  the 
starches  and  the  sugars. 

The  advantage  of  this  mixture  is  prolrably  felt  while  the 
fund  is  as  yet  within  the  alimentary  canal.      What    we    have 
learnt  concerning  digestion  IcikIs  us  to  regard  it  as  a  compli- 
cated process,  and  we  canuttl  readily  imagine  that  the  proteo- 
lytic,  amylolytic   and    adipolytie   ehanges   run    their    seventl 
courses,  cspeciully  in  the  small  and  large  intestine,  ajwirt  from. 
and  irrespective  of  each  other-     We  are  rather  led  to  suppoMl 
that  the  acconipaniment  of  one  set  of  changes,  in  some  indirect  j 
maimer,  favours  the  others  ;  and  it  is  for  that  reason  probably^ 
that  we  take  our  food-stufts  not  separately  but  mixed  in  the 
s»me  meal,  often  on  the  same  plate  and  even  in  the  same  moulli- 
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ful.  But  Himrt  from  lliis  the  two  food-stuffs,  fate  nud  varboby 
tlnitvts  must  piay  difTertnit  jiarts  in  Uie  economy,  nui  Ui»t  tlie 
one  cannot  W  wholly  itulttitituted  fnr  the  other ;  nud  though, 
beyond  the  fact  that  tli«  out?  >ieeu)»  tn  t>e  a  soiiree  of  energy  and 
the  other  uot,  we  do  not  aa  yet  kDow  the  true  physioTo^cal 
function  of  the  hydro^n  of  thu  fat  aa  compared  with  that  of 
lliB  diffon'utly  dispost-d  liydrogiiu  of  the  oarbohyJrnt«,  wc  may 
|>L-rhaps  infer  tliiit  tliu  diflVivuce  of  use  witJnn  tliu  body  of  the 
two  kiiiilB  of  food-Htiiir»  bearx  not  «<>  much  on  their  ultimate 
consumption  to  supply  energy  aa  on  the  varinua  coniplicatv*! 
processei*  which  tliey  undergo  and  arraugenientti  in  which  they 
take  part  before  the  end  of  their  work  m  reached.  We  have 
had  a  hint  that  the  carl>obydratc  more  rapidly  supplies  the  heat- 
giving  metabolism  than  docs  the  fat ;  auu  this  suggcsta  an 
advaulugo  to  the  economy  iii  receiving  daily  a  iicrtain  portion 
of  th('  moro  taitly  muterial,  while  at  the  8aine  time  it  may  be 
taken  to  mean  that  tlie  fat  before  it  ia  used  to  give  rise  to 
energy  haa  iintt  to  be  converted  into  augar,  and  so  takea  more 
time  in  its  work. 

The  main  carlmhydrate  of  every  diet  ia  starch,  and  as  far  as 
we  can  learn  at  present,  the  starch  which  is  so  large  a  part  of 
the  eereuls  au<l  vcgetublo»  eonsuniud  by  man  is  the  same  Tiody 
in  all  of  tlif  in  ;  for  the  u«e  of  such  iKitlieD  tw  inuliii  itt  so  insig- 
nifioant  that  it  may  l>e  neglected.  Man  however  oouNumea  no 
inconsiderable  quantity  of  Atigai*,  chietly  cane  sugar.  Since  the 
starch  of  a  meal  does  not  become  available  for  the  economy 
until  it  has  Iwen  converted  into  sugar,  we  might  be  inclined  to 
infer  that  it  was  a  matt«r  of  indifference  nv'hetlicr  the  carbo- 
hydrate of  a  diet  were  supplied  us  Htareh  or  ax  sugar.  (Jur 
knowledge  of  sugars  and  of  their  fate  in  the  economy  is  to<i 
imjierfect  for  u»  to  Ite  able  to  state  the  effecla  on  the  body  of 
digested  atan'h  aa  compared  nith  those  of  cane  sugar  or  milk 
)4Ugar;  but  that  these  are  or  may  be  different  is  shewn  by  the 
experience  of  medical  practice.  In  many  eases  the  total  effect 
on  the  body  of  a  diet  from  which  cane  sugar  is  as  mueh  as 
possible  eliminated,  though  starch  l>e  allowed,  is  very  different 
from  that  of  one  of  which  cane  sugar  forms  an  appreciable  part. 

Concerning  cellulose,  which  in  herbivora  appears  certainly 
to  ^erve  as  a  source  of  energy  and  to  be  a  real  fo(Kl-stuff.  our 
knowledge  will  not  allow  us  to  decide  whether  it  has  any 
special  uses  of  its  own.  or  whether  the  body  is  simply  led  to 
utilize  and  make  the  best  of  what  is  n  necessary  accompaniment 
of  the  starch  of  vegetable  fooil. 

Coneeniiiig  the  salts  present  in  a  diet  we  need  only  repeat 
what  was  said  in  §  420  tnut  lbe^«.  though  affording  of  tliem- 
seU'eK  little  or  no  energy,  are  aa  essential  a  part  of  a  diet  aa  the 
energy'  giving  food^stuffs,  in  as  much  as  tltey  in  some  way  or 
other  dim^t  metabolism  and  the  distribution  of  energy.     And 
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tluH  is  true  not  only  of  the  inorgaiiio  Ka1i>it!!(  such  ks  ctiloridva 
ami  pliospbalCH  but  hUw  of  the  sn-called  extrtiutives.  A«  we 
have  Kepn,  tint  presence  of  these  hodies,  both  the  simpler  Luur- 
ganic  and  the  more  complex  organic  salts,  in  the  hlood  or  in  thu 
extrnvikSRular  juices  or  lymph  of  the  tissues  is  essential  lu  or 
directs  or  modifies  the  motaliolie  ut'tivity  of  the  several  tut.4iie.H. 
The  beiiciieiiil  effects.  lis  coiiipununtB  of  xueciul  dletfl.  of  siioh 
tbiii^s  us  Imcf-tea  and  meat -ox  tract,  wliieii  consist  ehie6y  of 
Hults  and  extnivlivcjt  with  ii  very  »mnjl  qiiaiitity  of  nlbiunosu  or 
otlier  foniis  of  |n-oleid.  and  the  effects  either  lienelicial  or  dele- 
terious of  diitgs  both  turn  in  common  upon  their  taking  u  pari 
of  some  kind  or  other  in,  it  may  l)e  upon  their  interference  with 
metabolic  processes.  The  salts  and  extractives  of  a  diet  ma)' 
be  looked  u))on  as  necessary  diiily  tncdlcines.  and  a  medicine  as 
a  more  or  Ivhs  cxtraordinar}'  variation  in  these  elemcut«  of  a 
diet. 

Alcohol,  to  the  nse  of  which  as  a  compnnenL  of  an  ordinary 
diet  special  interest  for  various  reasons  attaches,  eome-s  iu  ihif 
class.  For  though  observations  shew  that  the  greater  ]>art  of 
a  moderate  dose  of  alcohol  is  oxidized  within  the  body  and  so 
serves  as  a  source  of  eiicrfiy,  man  has  recourse  to  alcohol  not 
for  the  minute  quanlity  of  energy  which  is  supplied  by  itself, 
but  for  it«  powerful  iutliicTico  on  the  distribution  of  the  energy 
furnished  by  otln-r  things.  TIml  inllnenee  is  a  very  complex 
one  and  cainiot  be  fully  discussed  here.  We  may  add  thai  tlie 
physiological  action  of  alcoholic  drinks  is  still  further  oouipli- 
flated  by  the  fact  that  most  such  drinks  contain  besides  etliylic 
alcohol,  various  other  allied  sulistances,  whose  action  is  even 
more  potent  than  that  of  the  ethylic  alcohol  itself,  and  whose 
presence  very  markedly  determines  the  total  effect  of  the  driidt. 
Such  articles  of  diet  us  t«a  ajid  coffee  stand  u|H>n  very  much 
the  same  footing  as  alcohol. 

The  quantity  of  fluid  which  a  man  drinks  or  should  drink 
daily,  or  more  correctly  the  quantity  of  water  which  he  should 
daily  adtl  to  the  dry  solids  of  his  diet,  must  vary  widely  accord- 
ing to  circumstance.  It  will  differ  according  as  he  is  perspir- 
ing greatly  or  not,  according  to  the  nature  of  the  dry  solids 
of  the  tliel.  whether  hirgt-Iy  carbohydrate  or  not,  and  no  on. 
A  lower  limit,  below  which  excretion  is  Impeded,  and  a  higher 
limit,  above  which  digestion  nnii  metabolism  are  injuriously 
affected,  prnbiibly  exist:  but  we  have  as  yet  no  adequate  dntu 
which  will  enable  us  to  tix  either  of  them. 

1(443.  In  the  selection  of  articles  of  food  to  supply  the 
food-stuffs  and  other  constituents  of  a  normal  diet,  regard 
must  of  course  l>e  had  in  the  first  place  to  the  amount  of  poten- 
tial energy  present  in  the  material.  The  articles  chosvu  for 
the  dttily  fare  must  contain  between  them  so  much  proteid,  fat. 
and  carbohydrate  representing  so  much  available  energy,     Bm 
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it  is  no  lens  imporfoot  to  secure  that  the  energy  potential  in 
the  material  should  be  really  availahk-  f<»r  tlio  econcnny.  The 
material  must  Iiavf^r  hul-1i  {{imlitivs  that  it  iit  digeHtttl  within  the 
nlimcutury  cauiil,  uiitl  fiirtlicr  thiil  itjt  <lif^9t)ou  and  ubHorption 
do  not  give  rise  tii  troul)lp  either  in  the  alimentary  canal  or  in 
ihnt  «ccontiary  digestifin  i^arried  on  hy  meann  of  the  variotiK 
metabolic  events  which  we  have  discussed  in  preceding  sec- 
tions. A  really  nutritious  substance  is  one  which  not  oiilv 
contains  in  itself  an  adequat*;  supply  of  cncrfrj-,  but  is  of  audi 
a  Qature  that  its  eiicrpy  ciiu  bu  appropriated  by  th<;  economy 
with  UAKO  or  at  least  with  iis  little  truublo  «s  possiblo.  Wc 
ttavc  approximate  data  for  dcterniinin);  liow  far  an  estimate  of 
the  relative  nsefuluoss  of  vai-ions  artieles  uf  fooil  nnist  be  cor- 
rected by  allowing  for  the  proportion  of  each  which  after  an 
ordinary  mea!  merely  passes  through  the  alimentary  canal  and 
the  energy  of  which  is  not  in  any  way  available  for  the  body's 
use.  Thus  a  numlwr  of  observations  tarried  out  on  hoalthy 
iudividuals  gave  in  the  rase  of  tbe  following  articlet)  of  foou. 
the  following  tigures  as  the  percentage,  rvokoued  in  each  ease 
on  dry  material,  which  could  he  recovered  from  the  fa;ce»,  and 
wa»  therefore  not  digested  and  not  used  hy  the  body:  —  Meat 
o  p.c,  Kggs  ^  p.c.  Milk  H  p.c.  Bread  (white)  4  p.c.  Black 
Bread  15  p.c,  Kice  4  p.c.,  Maocaroni  4  p.c.  .Maixe  7  p.c., 
Poaa  9  p.c,  I'otatoes  11  p.c.  It  must  however  Iw  remembered 
that  tlic  actual  correction  to  be  made  in  any  case  will  depend 
OD  the  motle  of  cooking  of  the  mat4.'rial,  on  the  character  of 
the  inojil  of  whicli  it  forma  part  and  on  the  individual  capabili- 
ties of  the  oon.tumer,  the  latter  too  varying  under  different 
circumstances. 

The  above  refers  to  what  may  he  called  rough  <Iige»tihili^, 
but  be«iides  this  there  are  otlier  circumstances  to  be  eanaidered. 
The  same  food-stuff  in  two  articles  of  food,  though  actually 
digcsted.  that  is  to  say  taken  up  by  the  alimentary  canal,  may. 
even  while  still  within  the  alimentary  canal,  undergo  changes 
in  the  one  CASt^  differing  from  those  in  the  other.  A  proteid 
may  for  instance  in  one  ease  t*nd  to  Ikt  entirely  converted  into 
peptone,  or  to  break  up  into  leuciu,  itc,  or  in  other  ca!*e8  to 
undergo  other  changes;  and  a  earbohydrat«  may  in  one  case 
be  absorbed  as  sugar,  and  in  another  give  rise  to  lactic  acid. 
Indeed,  when  we  speak  of  the  digestibility  or  the  indigestibilitr 
of  this  or  that  article  of  food,  wo  do  not  in  many  eases  so  mucn 
mean  the  ivlattvc  amount  of  the  substance  taken  up  in  some 
way  or  other  by  the  alimentary  cunal,  as  the  characters  advan- 
tageous or  otherwise  of  the  chungvu  which  it  undergoes  in  being 
so  taken  u]». 

Hence  the  purely  chemical  statement  of  the  amount  of 
potential  energy  present  in  an  article  of  food  i.i  no  safe  guide 
of  the  physiological  value  of  the  substance.     A  cliunk  of  cneesa 
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titARils  wry  high  on,  gorieriilly  nt  the  top  uf.  h  tiible  ui  lliv 
iiutritivK  value  uf  articles  uf  fiiml  iliawn  up  on  exclusively 
chvmtuiil  iiriiicijjIeN,  ai^iuidiiig  lo  the  iinii*i  (if  energy  present 
in  )i  unit  uf  Uie  nmteiiiil ;  Imt  it  in  very  low  iluwii  in  a  corre- 
sponding  physiological  table.  And  similarly  a  dish  of  old  peai* 
han  a  very  different  nhysitdogical  function  from  u  plato  of  fresh 
meat  even  when  botli  cutituin  the  siusw  nmuimt  of  nitrogen. 

In  thus  corrnctinjj  for  digt-stiuii  thp  riutritivv  valuw  of  a 
diet  it  must  also  \k  borne  In  miiiil  thiit  the  alinientiiry  rannl, 
while:  cbiwfly  u  receptive  orgiin,  is  also  to  »onie  extent,  §  234. 
wi  excretory  organ:  a  free  passage  through  the  caiial  U  neede<l 
not  only  for  carrying  off  undigested  matter  hut  also  for  getting 
rid  of  excreted  matter;  and  the  prtacncc  of  tliti  former,  up  to 
certain  limits,  assists  the  dtschnrgc  of  the  Inttvr.  Wfrc  it  pos- 
sible to  prepare  »  diet  every  jot  and  little  of  wliich  could  be 
dicestud  and  alworlKul,  tlie  nse  of  nuoIi  a  diet  would  prol»ahIy 
bring  abuiit  illsoriler  hi  the  economy,  thi-oiigh  tlie  absence  of  n 
suflieiently  raiiirl  discharge  of  the  matters  ex(^ret«d  into  the  ali- 
mentary canal.  Hence  cellulose  and  like  sniistances  even  when 
nnutiliiced  through  alisorption.  are  not  without  their  use.  and 
experience  sliews  thiit  digestion  may  be  promoted  by  eating 
undigestible  things. 

g  443.  The  several  food-stiiffs  of  a  diet  may  he  <lrawn  from 
the  animal  or  frmn  tlie  vogetfthle  kingdom.  Vegetable  prcrteids 
apiiear  to  undergo  the  stinie  changes  in  the  alinientAry  canal  a» 
do  animal  proteids,  and  the  miun  effects  on  the  body  of  proteids 
from  the  two  sources  seem  to  be  the  same.  Our  knowledge 
at  present  however  is  too  imperfect  to  enable  us  to  decide 
vrhctlior  the  functions  of  the  two  are  exactly  tlic  same  whether 
the  body  behaves  exactly  thu  same  upon  a  diet  in  which  the 
protviils  are  exclusively  uf  vegetable  origin,  a«  Upon  a  diet  in 
which,  otherwiwe  the  »aiiie,  the  proteids  are  partly  of  animal 
origin  also.  Nor  have  we  much  lietter  knowledge  of  the  rela- 
tive nutritive  value  of  vegetable  and  animal  fats.  And  aa  we 
have  already  said,  we  possess  little  or  no  exact  knowledge  as 
to  the  part  played  hv  those  extractives  in  respect  to  the  amoimt 
and  nature  of  whicfi  animal  food  strikingly  differs  from  vege- 
table food.  In  attempting  therefore  a  judgment  from  a  purely 
pliysiulugical  point  of  view  iis  to  the  value  uf  au  exclusively 
veget^irian  diet  cumpared  with  a  diet  of  both  animal  and  vege- 
table  origin,  we  can  do  little  more  at  present  tlian  inquire 
whether  the  former  supplies  the  sevei-al  food-stuffs  in  adequate 
quantity,  in  proper  proportion,  and  in  such  a  form  aa  to  be 
economically  utilized  by  the  body. 

The  careful  examination  during  three  separate  periods  of 
several  days  each  of  the  ingesta  and  egesta  of  a  man.  28  years 
old,  weighing  o7  kilos,  who  bad  fur  three  years  lived  on  an 
exclusively  vegetable  diet,  vir.  bread,  fruit  and  oil,  gave  the 
following  results. 
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Tbc-  daily  diet  coiixUted  on  tlie  averuge  of  719  gnu.  solid 
matter  ami  1084  gnii.  \vat«r.     It  i^ontAineil 

ProteicU  54  grin,  containing  8-4  N. 

Kill*  22    „ 

Carbohydrates  557    „  (about  i  sugar  and  1  starch) 

(Cellulose)  16    „ 

Tlie  ilaily  ffeces  weighed,  when  freiOi.  33.H  grm.  containing 
T-l  gnu,  solid  matter,  and  were  therefore  both  Inilky  and 
watery.  There  were  present  in  the  faeces  fat  7  grm.,  titjirolt 
17  grm.  and  cellulose-  ^  gmi.  sht-wiug  that  30  p.c.  of  tlie  fat, 
t!  p.c.  of  thu  Htorch  and  f>G  p. v.  of  tht-  (x-Uulotu;  had  not  Iteeii 
iitillKC'd  by  tbc  body.  The  Kubjecl  had  rvaU}*  lived  on  fat 
15  grm..  carboliydrntea  .MO  grni.  (and  o«llulow  7  grm.).  Tlie 
fii-ces  contained  no  less  than  3-46  niU-ogen.  If  we  rix'kuu  tb*' 
wliule  of  tlitc*  att  prnteid.  this  would  give  22  grm.  of  tindigexUxl 
proleiil.  so  that  tJiere  had  Ixicn  a  waste  of  41  p.c.  of  the  pro- 
t«ids.  leaving  only  32  grm.  available  for  real  use  in  the  body; 
and  indeed  a  very  small  |>ortion  only  of  this  nitrogen  can  l>e 
regarded  m  really  dinuharged  from  tue  body  itfieU.  The  total 
solidjs  of  tliLt  iu^cas  muxt  be  reckoned  lut  partly  excreta  but 
chiefly  imdigcated  food.  If  we  reeard  liic  7,'>  grm.  of  solid 
fa-veK  rii<  itntirely  undigested  food,  tlie  whole  solid  foiMl  avail- 
Mhle  for  tli*t  iKidy  must  l»e  reduced  from  7tll  grm.  to  G44  grm, 

The  urine  of  the  day  contjiined  5-83  grm.  nitrogen;  tJu8 
added  to  the  3-46  grm.  nitrogeji  in  the  fiecea  gives  8'79  grm. 
nitrogen  in  the  total  egusta  us  compared  witb  the  8-4  grm. 
nitrogen  of  tht^  food,  indicating  a  flight  Iomh  of  nitrogenous 
material  frutn  the  boily;  but  if  we  8Uppo»e  tluit  all  the  lutro- 
gen  in  thi^  hvccn  wii»  not  in  the  form  of  nndigeriti'd  iooii  wo 
may  neglect  this;  and  indeed  the  subject  of  the  oliservaliou 
wait  in  a|ipiii'cntly  good  health  aii<l  stationary  weight. 

f?onipan:d  with  either  of  the  normal  diets  given  in  §  440 
tlie  above  diet  is  striking  for  the  low  amount  of  proteids  and 
of  fats  and  the  relative  excess  of  carbobydratta.  But  thougb 
such  a  diet  may  bo  taken  as  perhaps  fairly  typical  of  the  dauy 
fcMxl  of  a  rigid  vegetarian,  n  inueh  more  richly  protetd  diet 
may  be  obtained  from  sourt'es  still  j»triotly  vegetable.  Thus 
the  iliet,  entirely  vegetable  in  nature,  of  an  averace  Japunese 
labourer  of  about  the  same  weight  as  the  individual  wlione  data 
wo  have  just  given  has  been  estimated  to  consist  of  Protei<U 
102  grm..  Fat  17  grra..  Carljohydrates  578  grm.  And  the  diet 
of  a  Roumanian  peasant,  living  cliicfly  on  beans  and  maize  with 
the  addition  of  fat  of  some  kind,  hns  lieeii  ealcidated  to  furnish 
no  less  than  Pn)teids  182  ^nn..  Fat  9^  grm.,  Carboliydi-atcs 
W8grm.:  but  the  real  nutritive  value  of  such  a  diet  muMt  nti-d 
very  large  correction  indeed,     ("f.  g  442. 
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Tho:  vxamiiiatioii  of  the  diet  of  an  individual  living  with  a 
fair  nitro;;oiiouH  vqiiilibriiiin  iiud  itppariintly  good  licultli  ou  a 
modiliecl  vogvtiible  <Uet,  thnt  is  tu  »ny  onv  whicli  included  mUk 
(Uid  eggs,  gave  llie  following:  Pioteida  74  gini..  Fat  58  gnu., 
Carbnliydi-.-it«t4  4')0  gnu.,  a  diet  whicli  differt*  from  the  noriuftl 
diet  almost  solely  in  the  lesser  amount  of  proteids,  one  third  of 
which  by  the  bye  was  supplied  by  the  aninial  material,  eggs  and 
milk.  In  anotner  instajjce.  nitrogenous  equilibrium  ana  fairly 
good  health  were  secured,  for  some  weeks  ut  all  events,  on  a 
vegetable  diet  yielding  Protvids  uboul  100  grni,.  Fiits  70  grm,. 
Oil rbohyd rates  400  grm.;  but  in  lliis  n«nrly  tJie  whole  of  the 
fat  was  furnished  by  the  uniinul  product  butter,  and  Liebig'ii 
extract  was  freely  used. 

("ontining  ourselves  however  to  the  more  strictly  vegetarian 
diet,  we  may  conclude  in  the  first  place  that,  unless  the  daily 
food  be  very  largo  in  amount,  the  proteid  element  of  such  a  diet 
falls  considerably  below  the  100  or  more  grm.  given  in  the 
normal  diet.  Itut  we  cannot  authoritatively  any  that  such  a 
reduction  is  necesKarily  an  evil;  for  as  we  stated  above,  §  440, 
our  knowledge  will  not  at  present  permit  ns  to  make  an  authori- 
tative exact  statement  a.*  to  the  extent  to  which  the  proteid  may 
be  reduced  without  disadvantage  to  the  body  when  accompanied 
by  adequate  provision  of  the  other  elementji  of  food;  and  this 
statement  holds  good  whether  the  bodv  be  undcrUikiug  a  small 
or  large  amount  of  labour.  A  second  fc^ituru  of  ttaeli  a  diet  is 
the  marked  reduction  of  the  fat  and  its  replacement  by  carbo- 
hydrates. Although  here  again  we  cannot  make  a  di.st.inctly 
authoritative  statement,  llie  evidence  which  we  possess  hfarn 
clearly  in  the  direction  that  such  a  reduction  is  a  marked  dis- 
advantage. A  third  and  very  characteristic  feature  of  the 
atrictly  vegetarian  diet  is  the  relatively  large  amount  of  undi- 
gCstiMl  food  lost  to  the  body  and  discharged  aa  fmcvs.  l^ven 
when  the  diet  is  scanty,  so  tliat  the  proteid  clement  is  low,  the 
amount  of  ficces  relatively  to  the  total  food  i»  high;  and  when 
a  more  normal  proteid  contribution  is  secured  by  ample  meals 
the  f^ces  become  exceedingly  voluminous.  Indeed  when,  leav- 
ing man,  we  compare  the  herbivorous  with  the  carnivorous 
mammal,  we  find  that  the  former  is  almost  as  clearly  distiti- 
guiahed  from  the  latter  by  its  frequent  and  ubundoiit  fa-cea  an 
by  tht:  anatomical  features  of  its  organization.  We  have  already 
urged  that,  since  the  fieces  serve  us  a  means  of  excretion  uf  the 
real  waste  products  of  metabulLsiu,  a  certain  amount  of  vehicle 
to  carry  theae  away  is  of  advantage  or  even  neees-sai-y ;  hut  there 
are  no  facts  at  present  known  to  us,  which  shew  that  the  larger 
intestinal  current  of  the  purely  vegetable  diet  effects  any  such 
^ood  OS  can  compensate  for  tho  obvious  waste  of  labour  incurred 
in  its  transport  and  muiiugement,  to  say  notliing  of  the  oppor- 
ttuiitie«  of  raisoluef  offered  by  a  mass  of  niutenal  more  subject 
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Ui  the  dominion  of  fm-eign  organitimit  than  even  lo  that  of  (lie 
body  itm'lf,  though  these  opportunities  are  teas  than  with  a  cor- 
responding niiuw  of  aniuiat  origin.  With  respect  to  these  three 
featuren  then,  the  strictly  vegcturian  diet  seeius,  on  pliysiologi- 
cal  grounds,  iiifenur  to  one  of  a  mixud  iiatui-c.  There  are  as  we 
wuu  other  ad))«(.'ts,  Htill  uf  n  strictly  physiological  kind,  to  he 
coujiidervd,  such  lu*  thi?  rwhitive  digestiljility  of  vfgola))l«  articles 
of  food,  the  rehitive  nictaholic  value  of  tlie  f(iod-stnff»  of  vi-gi-- 
tahle  origin,  and  the  influence  of  animal  extnietiveK;  hut  any 
fuller  diwuAHion  of  the»e  points  would  bo  out  of  pla^^e  here. 

§  444.  We  have  treated  the  diet  discussed  above  a«  a  normal 
diet,  suitable  for  uuui  under  ordinary  or  general  circumstancea. 
Ought  Kuch  a  divt  to  bu  moiUficd  for  tlic  various  exigences  of 
life  such  lis  labour,  age,  clttnatv,  and  the  like' 

We  shall  di»ciut»  the  influence  of  age  in  the  coneluding  por- 
tions of  tluM  work. 

We  may  )w  inclined  at  limt  flight  to  assume  that  the  total 
amount  of  the  diet  should  vary  with  the  %veight,  that  is  the  sir^ 
of  the  individual:  and  indeed  in  discussions  on  nutrition,  atate- 
mentfi  concerning  metabolism  and  amount  of  food  are  often 
given  in  ti^'rms  of  per  kilo  of  body  weight.  In  a  broad  sense  it 
may  be  true  that  a  small  man  needs  less  food  than  a  large  one: 
bulit  must  be  remendwred  that,  as  we  saw  in  s{x-iikingof  animal 
heat,  the  smaller  organism,  having  the  i-elatively  larger  surface, 
carries  on  a  more  rapid  metabolism  per  unit  of  Iwdy  weight. 
and  so  needs  relatively  more  food.  And  moreover  the  inHuence 
of  aize  is  proiiably  far  leas  than  the  influence  exerted  by  the 
inborn  individual  characters  of  the  organism,  giving  rise  to 
what  we  may  call  the  personal  equation  of  metabolism.  The 
smaller  metabolism  of  woman,  leading  to  the  unc  of  a  scantier 
diet,  as  compared  with  that  of  man,  is  tu  Ih-  regarded  in  this 
light  rather  than  with  refervuce  lo  the  average  lewer  weight  of 
woman.  'I'he  relative  metabolism  of  the  two  sexes  may  be  illnn- 
tnted  by  the  case  of  an  active  man  and  his  wife,  Imth  of  about 
tbe  same  age  and  weight,  the  man  Iwing  rather  the  heavier  and 
the  woman  rather  the  older,  who,  in  carrying  out  together  an 
experiment  on  the  relative  values  of  vegetable  mid  animal  food, 
both  lived  for  some  time  on  the  same  Kind  of  diet,  and  found 
that  nutritive  equilibrium  was,  in  the  one  case  and  in  the  other, 
mtiintained  when 

Proleld*.        F&u.        CarliotiydratM. 
The  man  consumed  daily  about  100  TO  40U 

The  wife         „  ,.        ,.       60  67  MO 

The  most  striking  difference  is  in  the  proteids. 
§  445.     With   regard   t<)   climate   the   chief   considerations 
Attach  to  temperature.     When  the  body  is  oxpomMl  to  a  low 
temperattire  the  general  Dietalwliftm  of  the  body  is  iucrensed 
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owing  to  a  regulative  action  of  the  nervous  system.  §  428.  We 
might  infer  from  thus  that  more  food  is  necessary  m  cold  cli- 
mates; luid.  since  tlie  inervase  in  the  luctttlxilisin  )i|>|K.-iirs  t<]  man- 
ifest it«clf  fliicQy  ill  «  nieutur  dischiiryv  of  (.aibouie  utid  and 
tlierKfore  to  !«!  cs|ieuiiilly  11  oiirboii  iiirtabolisiii,  we  luifjlu  infer 
that  tho  I'jtrhon  elements  of  food  tthonld  be  eMpeeiiUly  incivnitcd. 
When  the  bndj'  is  exposed  to  high  teiii|>erature8  the  same  retlex 
mechanism  ten<ls  to  lower  the  raetaholism ;  but  the  effects  in 
this  direction  are  much  less  clear  tJian  those  of  cold,  and  soon 
reach  tlicir  limits;  the  bodily  tcmperHture  is  maintained  con- 
stant under  the  influence  of  Hurrounding  wurmth  not  so  much 
by  tliminishcd  production  us  by  incrcfiscd  loss.  \Vu  may  iiifci' 
from  this  tlitit  in  warm  climates  not  less  but  if  anythiiif^  rather 
more  foo<l  than  in  temperate  climates  is  necessary  in  order  to 
supply  the  pen<piratioii  needed  for  the  greater  evapoia.tion  and 
ilistihargu  of  heat  by  ihc  skin. 

In  both  cold  and  warm  climates  however  man  trusts  much 
more  to  variations  in  his  clothings  and  immediate  surroimdings 
to  protvct  liim  against  ivld  or  to  guard  liiu]  from  heat  than  to 
any  marked  vuriutions  iu  his  uormal  diiu.  In  tlic  former  he 
inay  perhaps  lie  expected  to  eat  somewliitt  more,  »ince,  in  spite 
of  wrappings,  his  skin  still  feels  in  part  the  cold,  and  thus  the 
nervous  mechanism  for  the  increase  of  metabolism  is  to  a  certain 
extent  set  to  work.  And  since  the  metabolism  thus  increased 
appears  to  aflfcct  especially  the  carbon  of  the  body,  he  may  fur- 
ther be  expected  to  increjuc  ttm  fats  rather  than  the  carbohy- 
drates of  his  food  seeing  that  the  former  supply  him  with  t)ie 
most  energy  for  their  weight.  But  it  is  very  doubtful  whether 
what  he  might  thus  Ik-  exj)eeteil  to  gain  over  a  corresponding 
increase  in  carbohydrates  is  not  more  tlian  oounterhalanc«il  by 
the  increased  labour  of  digest  ion  :  and  the  habits  of  the  dwellers 
in  arctic  climates  cannot  safely  be  taken  as  guides  in  this  mat- 
ter, for  their  reputed  love  of  fat  is  probably  the  result  of  that 
beiug  theirinost  avaihible  form  of  carbon.  Indeed  the  evidence 
tJial  tlir  inci-ease  of  metabolism  provoked  by  cold  bears  exclu- 
Mvely  on  carbon  eonstituents  is  so  uncertain  that  it  may  be 
doubted  whether  any  change  in  the  normal  diet,  lieyond  .some 
increase  in  the  whole,  shoiud  be  made  to  meet  a  cold  climate. 
Similar  reasons  would  lead  one  to  infer  that  man  in  the  warmer 
climate  would  maintain  on  the  whole  the  same  normal  diet,  the 
only  change  perliai>s  being  to  increase  it  slightly,  possibly 
throwing  the  increase  chiefly  oii  the  carbohydrates  with  ttie 
special  view  of  farthering  perspiration. 

§  446.  A  special  diet  for  the  purpose  of  fattening,  that  is 
to  say  for  the  accumulation  of  adipose  tissue  out  of  pro]iortion 
to  the  rest  of  the  body,  is  not  needed  in  the  case  of  man.  The 
power  to  store  up  fat  in  mliposi':  tissue  U  much  more  dei>endent 
on  certain  inborn  ciuiilitius  of  the  organism  which  we  cannot  at 
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present  define  than  nn  the  kind  of  food  :  of  two  bodies  living 
on  the  same  diet,  and  nnder  the  same  circiiiustancee,  one  will 
become  fat  while  the  other  will  remain  lean  :  and  it  is  an  object 
of  the  agriculturalist  to  develope  by  bifcdinjj  and  seleetion  a 
"  constitution ' '  which  will  store  up  the  most  fat  on  the  cheap- 
eat  diet.  In  fattviiinfj  anininla.  thw  oliief  cure,  when  the  sehw- 
tion  of  the  kind  of  animal  Ium  he uii  madv,  iit  to  provide  iide(iuat« 
carbohyciratd  food,  winch  as  we  have  seen  in  the  chief  fultuuer; 
and  the  object  of  the  farmer  in  rearing  fttock  for  the  butcher  ia 
mainly  to  convert  cheap  vegetable  carnohydrate  into  dear  ani* 
mal  fat.  Further  aids  in  fattening  may  be  found  in  providing 
repose  for  the  body  of  such  a  kind  that,  while  sufficient  energy 
is  expended  lu  secure  udi-quatv  digestion  und  absorption  of  food, 
all  causes  leading  to  an  increasft  of  met^ibuliitm,  by  which  energy 
in  set  free  and  lea  vest  the  body,  are  avnitled  as  much  as  puesiblu. 

To  avoid  fat  rather  than  to  increase  it  is  often  an  object  of 
hnman  care.  Thin  may  be  effected  by  diminiRhing  fats  and 
oar bobyd rates,  but  also,  in  a  very  marked  manner,  by  relatively 
increasing  the  proteids.  I'roteid  food  as  we  have  seen  augmenta 
the  whole  metabolism  of  the  body,  burr^'ing  on  the  destruction 
not  only  of  protcid  but  of  carbon  food ;  and  a  tendency  to  cor- 
pulency may  be  countenicted  by  a  diet  in  which  fatu  and  carbo- 
iiy<irateit  are  much  restricted,  and  proteids  are  largely  increased. 
^Vhen,  an  in  what  in  known  a.4  the  Banting  method,  the  diet  is 
atmoat  exclusively  proteid,  the  nitrogenoUH  overwork  entails 
dangt'rs  on  organUms  which  do  not  possess  the  power  of  ridding 
themselves  freely  of  the  large  amount  of  nitrogenous  waste 
which  such  a  diet  prmluces.  A  less  severe  method  in  which 
the  fatM  and  carbobydratvM  arc  diminished  only,  not  enlirelv 
don«  away  with,  and  the  prot«id8  only  moderately  increaneif, 
in  less  open  to  objection ;  and  such  a  diet,  assisted  by  other 
hygienic  conditions,  baa  proved  auccesKful. 

An  increase  of  daily  food,  largely  proteid  in  nature,  given 
under  circumstances,  such  as  a  large  amount  of  iiassive  exercise 
and  skin  stimulation,  known  as  •  massage'  which  will  not  oidy 
favour  digestion  but  also  promote  metabolism  io  genera),  may 
lie  given,  with  favourable  results.  In  thin  way.  an  enormous 
nietabolium  may  l>e  excited,  and  yet  mo  carried  on  tliat  the  body 
gains  both  in  fli^h  and  in  fat.  Thus,  in  one  case,  the  patient 
with  an  initial  weight  of  45  kilos,  anil  a  daily  nitrogenous 
metaholuim,  cal<tulat^  as  2S  grm.  jiroteid.  reached  in  the  oiurse 
of  almut  6t)  days  a  weight  of  t>0  kiloct.  the  daily  nitrogenous 
metabolism  being  raised  on  one  occasion  to  182  grm.  proteid, 
with  an  average  on  the  whole  period  of  150  grm.  Oormg  the 
treatment  no  less  than  8420  grm.  of  proteid  were  taken  im» 
food. 

§  447.  \\''itb  reganl  to  Inbotir,  since  as  we  liavu  seui  the 
energy  expended  as  work  done  is  not  taken  out  of  and  away 
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from  the  amotmt  set  free  ue  heat,  the  two  forms  of  i-aer};y  be- 
ing 80  relnte*!  that  an  iiiereftMe  of  work  done  i«  <kooiii]iuiui-<1  by 
a  greater  or  lesx  iiicreaite  of  heat  8et  free,  it  is  obvious  that  a 
man  who  ui  doin^  a  hard  day's  muaoular  work  neeilit  ii  iHrgcr 
income  of  energy  for  the  day  than  does  an  idle  man.  What  we 
have  learnt  concerning  muscular  metabolism  further  shews  us 
that  the  additional  energy  needed  is  not  iiecessurily  to  be  sup- 
plied by  an  increjute  in  the  prolcid  runiponcnt»  of  the  diet :  the 
energy  uf  muscidar  euntnielion  does  not  eomv  us  voa  once 
thought  from  proteid  metabolism  (§  42S).  The  f«ct  that  it  is 
th<>  carbon  metabolism  whieh  is  augmented  in  muscular  work 
may  suggest  that  the  extra  food  for  extra  work  sliould  be 
excluaiveTy  carbon  compouadH  ;  and  if,  aa  we  have  seen  to  be 
prol>able,  the  carboliydriites  arc  more  readily  and  diroetlv  avail- 
able for  the  functional  metabolism  of  muscle  than  are  the  fata, 
we  might  be  further  led  to  reeommeiid  an  increase  in  carbo- 
hydrates to  form  a  diet  »)[>ccially  suited  for  lubour.  This  view 
seems  directly  supporU-tl  by  the  experimental  result  that  even 
a  small  qnaniity  of  sugar  taken  by  the  mouth  has  an  innnedi«t« 
favouriilple  I'Pfert  on  the  power  of  the  muscles.  But  several 
considerations  have  to  be  taken  into  account  in  this  matter. 
A  lausele  is  not  a  machine  within  the  body  which  can  be  loaded 
and  fired  off  irreHpcctive  of  the  rest  of  the  body.  In  the  per- 
formaiK^e  of  muscular  labour,  the  condition  of  the  muscle,  the 
amount  of  energ}'  avidlable  in  the  muscle  itself,  is  of  course  of 
prime  importance ;  but,  and  this  perhaps  especially  holds  good 
m  severe  hibour,  of  great  importance  also,  we  might  almost  say 
of  no  lews  importance,  is  as  we  have  urged  (§  317)  the  jtower 
of  the  body  as  a  whole  to  avail  itself  of  the  energy  latent  in 
the  muscle.  The  power  of  doing  work  hangs  not  on  the  muscle 
alone,  but  on  the  heart,  the  lungs,  the  nervous  system  and 
indeed  on  the  whole  body.  It  is  very  doubtful  whether  we 
ever,  even  in  supremo  efforts,  draw  upon  more  than  a  portion 
of  the  capitiil  of  energy  lodged  iu  the  muscle  itself;  fatigue  is 
far  more  a  nervous  than  a  muscular  eomlition,  ami  even  the 
distinctly  muscular  fatigue  is  as  we  have  seen  (§  81)  partly  at 
leiuit  the  result  of  the  accumulation  of  products  and  not  alone 
tlie  using  up  of  available  energy.  In  cJhoosing  a  diet  for  mus- 
cular  labour  we  must  have  in  view  not  the  muscle  itself  but 
the  whole  organism.  And  though  it  is  i>0!uuble  that  future 
research  may  suggest  minor  changes  in  the  various  uomponent« 
of  a  normal  diet  such  as  would  lessen  the  strain  during  labour 
on  this  or  that  part  of  the  body,  on  the  tnuscles  as  well  na  on 
other  organs,  our  present  knowledge  would  ratlier  lead  us  to 
oonolnde  that  what  is  good  for  the  organism  in  comparative 
rest  is  good  also  for  the  organism  in  arduous  work,  that  the 
diet,  normal  for  the  former  condition,  would  need  for  the  latter 
a  limited  total  increase  but  no  striking  change  in  itH  compost- 
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tion.  In  preparing  the  body  for  some  coming  arduooB  labour 
in  "training"  as  it  is  called,  an  increase  of  proteid  food,  for 
the  purpose  of  hurrying  on  the  general  metabolism  of  the  body, 
and  thus  of  making  '  new  flesh '  and  renovating  the  body,  so  to 
Hpeak,  in  view  of  the  strain  to  be  put  upon  it,  may  perhaps 
suggest  itself ;  but  even  this  is  doubtful. 

The  principles  of  such  a  conclusion  with  regard  to  muscular 
work  may  be  applied  with  still  greater  confidence  to  nervous 
or  mental  work.  The  actual  expenditure  of  energy  in  nervous 
work  is  relatively  small,  but  the  indirect  influence  on  the 
economy  ia  very  great.  The  closeness  and  intricacies  of  the 
ties  which  bind  all  parts  of  the  body  together  ia  very  clearly 
shewn  by  the  well-known  tendency  of  so-called  brain  work  to 
derange  the  digestive  and  metabolic  activities  of  the  body ; 
and  if  there  be  any  diet  especially  suited  for  intellectual  labour 
it  is  one  directed  not  in  any  way  towards  the  brain,  but  entirely 
towards  lightening  the  labours  of  and  smoothing  the  way  for 
such  parts  of  the  body  aa  the  stomach  and  the  liver. 
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CHAPTER  I. 


THE  SPINAL  CORD. 


SEC.   1.    ON  SOME  FEATUEES  OF  THE  SPINAL  NERVES. 


§  448.  Wu  have  called  the  muscular  and  nerrouA  tiaaUEs  the 
niastor  tissueH  of  the  body ;  but  a  special  part  of  tbe  nervous 
system,  that  which  we  kiiow  lut  tho  coiitml  nervous  system,  the 
bmin  and  spinal  cord,  in  supruiuc  among  tlio  nurrous  tissues 
and  IS  mastvr  of  thu  skt^ltital  niii.tcte.s  m  vrv\]  an  of  the  rest  of 
the  body.  Wc  have  already  (Dook  i.  Chap,  ill.)  touched  on 
some  of  tlie  general  features  of  the  nervous  system,  and  have 
now  to  study  in  detail  the  working  of  tbe  brain  and  spinal  cord. 
We  have  to  inquire  what  we  know  concerning  the  laws  which 
r«gulnt«  the  discharge  of  cffvrent  impulses  from  the  brain  or 
from  the  cord,  and  to  learn  how  that  di«;Uarg»  is  determined 
on  tliu  one  hitnd  by  inlrindic  changes  ongioftting,  app&rently.  in 
the  Jtubstancw  of  the  brain  or  of  the  cord,  and  on  the  otli«r  hand 
by  the  nature  and  amount  of  the  afferent  impulses  wUich  reach 
them  along  afferent  nerves. 

As  we  shall  see.  the  study  of  the  sninal  cord  cannot  be  wholly 
separated  from  that  of  the  brain,  tne  two  being  very  closely 
rutatt-'d.  Ncviirtltelcss  it  will  bo  of  advantage  to  deal  with  toe 
spinal  cord  by  itsolf  as  far  as  wc  can.  The  medulla  oblonmte 
or  spinal  bulb'  wc  shall  consider  as  part  of  the  brain.  But 
before  we  upeak  of  the  upinal  cord  itself,  it  will  be  desirable  to 
say  a  few  words  concerning  the  spinal  nerves,  that  is  to  say  tlie 
nerves  which  issue  from  the  spinal  cord. 

We  have  already  seen  (§  ^8)  that  each  of  the  spinal  nervee 
arises  by  two  roots,  an  anterior  root  attached  to  the  ventral  or 

'  Tlie  tern  medulla  oblim^^sts  in  iici  unly  long,  but  pteatutji  ilifficnUiei; 
•InCf  the  word  mednlla  m  now  nmly  uu-il  lo  denote  the  whole  ■pttial  oord  (ine- 
dnllft  HriaaJte)  bat  it  geaenlly  mwd  to  dcnota  iho  peculiar  ociU  of  a  ncrvo  Sbn, 
iho  wfalta  nibftanM  <»  Scbwaaa.  In  nabig  tDCtnad  tbo  word  AnU  ot  If  n«CM- 
■ary,  tmtnat  bvlh  there  ia  Itttle  I«ar  of  ooofMioci  with  aa;  oiber  kind  «t  tnlliL 
Th«  adjiyiiiro  h  iii  nut  unoommoo  uat),  ia  nob  phtiMa  a»  '  bulbar  panlyela.' 
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anterior  surfitce,  and  a  jiosterior  root  attached  to  the  dorsal  or 
posterior  surface  of  the  coid.  We  have  further  seen  that  the 
latter  heart*  a  ganglion,  a  'eanglion  of  the  posterior  root*  or 
■apitial  ganglion.'  We  stated  at  the  same  time  that  while  the 
trunk  o?  a  spinal  nerve  contained  both  efferent  and  afferent 
fibres,  tbo  efferent  librcs  were  gatht-red  up  into  the  anterior 
root  and  the  itlTercnt  tibrtis  into  tin;  posterior  root;  but  we  gavo 
no  proof  of  this  KtatvnicnU 

§  449.  Before  we  proceed  to  do  8o,  it  will  be  as  well  to  my 
a  few  words  on  the  terms  'efferent'  and  'afferent,'  By  efferent 
nerve  tibi-es  we  mean  nerve  fibres  which  in  the  Ixjdy  usually 
carry  impulses  from  the  central  nervous  aystem  to  peripheral 
organs.  Most  efferent  nerve  flbres  carry  impulses  to  muscles, 
stnutcd  or  plain,  and  the  impulses  parsing  along  them  give  rise 
to  movements;  hence  they  ai-o  frctiuuiitly  spoken  of  as  'motor' 
fibres.  liut  all  effci-eiil  lilwes  do  not  end  in  or  carry  iinpuUes 
to  muscular  tilires;  we  have  seen  for  instance  that  some  efferent 
fibres  are  seci'etory.  Moreover  all  the  nerve  fibres  going  to 
muscular  fibres  do  not  serve  to  produce  movement;  some  of 
tbcm.  as  in  the  case  of  certain  vagus  fibres  going  to  the  heart, 
are  inhibitory  and  may  serve  to  stop  movement. 

By  'afferent'  nerve  fibres  wc  menu  nerve  fibres  which  in  the 
body  usually  carry  impulses  from  peripheral  organs  to  the  cen- 
tral nervous  system.  A  veiy  common  effect  of  Uie  arrival  at 
the  central  nervous  sv'stem  of  impulses  na.ssing  along  afferent 
fibres  is  that  change  in  consciousness  which  we  call  a  'sensa- 
tion'; hence  afferent  fibres  or  impulses  are  often  called  'sensory* 
fibres  or  impulses.  But  as  we  have  already  in  part  seen,  and  as 
we  shall  sliortlv  see  in  grcatur  detail,  the  central  nervous  si'stem 
may  be  affected  by  afferent  impulses,  and  that  in  several  ways, 
quite  apart  from  the  development  of  any  such  cliangv  of  eon- 
aoiousness  as  may  be  fairly  called  a  sensation.  We  shall  )«eo 
reason  for  thinking  that  afferent  impulses  reaching  the  spinal 
cord,  and  indeed  other  parts  of  the  cehtral  nervous  system,  may 
modify  reflex  or  aul-omatic  or  other  activity  without  necessarily 
giving  rise  to  »  "sensation."  Hence  it  is  advisable  to  reserve 
the  terms  'efTerent'  and  'afferent'  as  more  general  modes  of 
expression  than  'motor'  or  'sensory.' 

We  have  seen  in  treating  of  muscle  and  nerve,  that  the 
changes  produced  in  the  muscle  servo  as  our  best  guide  for 
determining  the  changes  taking  plane  in  a  motor  nerve ;  when 
a  motor  nerve  is  separated  from  its  muscle  (§  67)  the  only 
change  which  wo  can  appreciate  in  it  is  an  electrical  change. 
Similarly  in  the  case  of  an  afferent  nerve,  the  central  system  is 
uur  chief  teacher;  in  a  bundle  of  afferent  fibres  isolated  from 
ihc  central  nervous  8\-stem,  in  a  post«rior  root  of  a  spinal  ncrvo 
for  instance,  the  only  change  which  we  can  appreciate  is  an 
electrical  cliange.     To  learn  the  characters  of  afferent  iinpulsM 
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w«  must  employ  the  central  nervous  system.  Hut  in  tins  we 
meet  with  (Iillii'iiltie.1.  In  Htudyin^  the  phenomena  of  motor 
nerves  we  are  g:reatly  assUteil  by  two  facts.  Firat,  the  muHonlar 
contraction  by  which  we  judge  of  what  is  going  on  in  the  nerve 
ia  a  comparatively  Himple  thing,  one  contraction  difTering  from 
another  only  by  xuch  features  as  extent  or  umouut,  duniiiou. 
froqucney  of  rcpvtition  and  the  likv,  and  all  such  diIfcn!noi>« 
Arc  capable  of  exact  measurement.  Secondly,  when  we  apply  a 
stimultia  directly  to  the  nerve  itself,  the  efTcct«  differ  in  degree 
only  from  those  which  result  when  the  nerve  is  set  in  action  by 
natural  stimuli,  such  as  the  will.  When  we  come,  on  the  other 
hand,  to  investigatfi  the  phenomena  of  afferent  nerves,  our 
labours  are  for  the  time  rendered  heavier,  but  in  tho  end  more 
{fuitful,  by  tlio  following  circumstanceii :  —  Flnit.  wlicn  wo 
judge  of  wiiat  is  going  on  iu  an  afferent  nerve  by  the  effects 
which  .ttJmiilatioa  of  tlie  nerve  produces  in  some  central  ner- 
vous organ,  in  the  way  of  exciting  or  modifying  redex  action, 
or  modifying  autonu-itic  action,  or  affecting  oonxciousness.  we 
are  met  on  the  very  threshold  of  evet^-  inquiry  by  the  difficulty 
of  clearly  distiogiiishing  the  events  whicn  belong  exclusively 
to  the  afferent  nerve  from  those  which  belong  to  the  contTul 
organ.  Secondly,  the  effects  of  applying  a  stimulus  to  tho 
pcripheml  eiidK)rp3n  of  an  affcfunt  nvrve  aro  very  different  from 
those  of  applying  the  njimc  stimulus  (Erectly  to  the  iicrve-tnink. 
This  may  )>e  shewn  by  the  simple  experience  of  comparing  the 
senaation  caused  by  bringing  any  sharp  body  into  contact  with 
s  nerve  laid  Ixtre  in  a  wound  with  that  caused  by  contact  of  an 
intact  skin  with  the  same  body.  Thene  and  like  differences 
reveal  to  us  a  complexity  of  impulses,  of  which  the  phenomena 
of  motor  nerves  gave  us  hardly  a  bint. 

We  shall  further  see  in  detail  Int^'r  on  that  our  conscioustKSs 
may  be  affected  in  many  different  ways  by  affervnl  Impulses; 
we  must  distinguish  not  only  sensory  from  nther  afferent  im- 
pulses,  but  also  different  kinds  of  sensor>'  impuLses  from  each 
other.  Certain  afferent  nerves  are  spolfen  of  aa  nerves  of 
special  sense,  and  the  nature  of  the  ancrent  impulsaa  passing 
along  thcsu  special  nerves  together  with  the  modiScfttiOiu  m 
eonsi-iousness  caitAtod  by  arrival  of  thosv  impnbu-«  at  the  central 
nervous  system  constitute  by  themselves  a  complex  and  ilifticult 
branch  of  study.  In  some  of  the  problems  connected  with  the 
central  nervous  ayst«m  we  shall  have  to  appeal  to  the  results 
tif  a  study  of  these  special  nenaes ;  but,  on  the  other  hand,  a 
knowledge  of  the  central  nervous  system  is  necessary  to  a 
proper  understanding  of  the  s|>coial  senses;  and  on  the  whole 
it  will  N?  more  convenient  to  study  the  fonncr  before  the  latter. 

§  450.  The  pniof  that  the  afferent  and  efferent  fibre*! 
which  are  l>oth  prc^si^'nl  in  the  trunk  of  a  spinal  nerve  are 
parted  at  the  roots,  the  efferent  fibres  running  exclusively  in 
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the  ventral  or  anterior  root  and  ihe  afferent  lihrett  exclusively 
in  tJie  dorsal  or  posterior  root,  is  a^  follows. 

When  the  anterior  root  is  divided,  the  muscles  flupplied  by 
the  nerve  cease  to  be  thrown  into  L'ontrat'tioiis  eithur  by  the 
will,  or  by  reflex  action,  while  the  structiirus  to  which  the 
nerve  is  tlistributctl  retnin  their  sensibility-  Duriiig  tho  sec- 
tion of  the  root,  or  wheu  the  proxiuml  »tiunp,  tlmt  couuected 
with  the  spinal  cord,  is  stimulated,  no  sensory  effects  are  pni* 
duc^l-  ^\ji«n  the  distJtl  stump  is  stimulated,  the  muscles  sup- 
plietl  by  the  nerve  are  thrown  into  contractions.  When  the 
posterior  root  is  divided,  the  muscles  supplied  by  the  nerve 
continue  to  be  thrown  into  action  by  an  exemse  of  the  will  or 
as  part  of  a  reflex  action,  but  tlic  structures  to  which  the  nerve 
is  distributed  lose  the  sensibility  which  they  previously  pos- 
sessed. Durin};  the  section  of  the  root,  and  when  the  proximal 
stump  is  stimulated,  sensory  effects  are  pi-oduced.  When  the 
disUd  stump  in  stimulated  no  movements  are  called  forth. 
These  fiiets  denionstrjite  that  sensory  impulses  pass  exclusively 
by  the  posterior  root  from  the  peripneral  to  the  central  organs, 
and  that  motor  impulses  pass  exclusively  by  the  anterior  root 
from  tho  central  to  the  peripheral  organs ;  and  so  far  as  our 
knowledgo  goes  the  sumo  holds  good  not  only  for  sensory  and 
motor  but  also  for  afferent  and  efferent  impulses. 

An  exception  must  lie  made  to  the  above  general  8tat«menti 
on  account  of  the  so-called  '•  recurrent  sensibility"  which  is 
witnessed  in  conscious  mammals,  under  ceilain  circumstances. 
It  sometimes  happens  that  when  the  dUtal  stump  of  the  divided 
anterior  root  is  stimulated,  signs  o£  pain  are  witnessed.  Th«se 
are  not  caused  by  tho  concurrent  muscular  contractions  or 
cramp  which  the  stimulation  (K'cusions.  for  they  persist  after 
the  whole  trunk  of  the  nerve  ha^  been  divided  some  little  way 
below  the  union  of  the  roots  above  the  origins  of  the  muscular 
branches,  so  that  no  contractions  take  place.  They  disappear 
when  tlie  posterior  root  is  subsequently  divided,  and  the^-  are 
not  seen  if  the  mixed  nerve-trunk  De  divided  close  to  the  anion 
of  the  roots,  Tho  phenomena  are  probably  due  to  th«  fact. 
that  bundles  of  sensory  fibres  of  the  posterior  root  after  run- 
ning H  short  distance  down  the  mixed  trunk  turn  back  and  run 
wpwariU  in  the  anticrior  root,  (Iwing  distribute*!  probably  to 
the  pia  mater,)  and  by  this  recurrent  course  give  rise  to  the 
recurrent  sensibility. 

I  451.  Concerning  the  ganglion  on  the  jiosterior  root,  we 
hove  already  said  that  we  have  no  evidence  either  that  it  can 
act  08  a  centre  of  reflex  action,  or  that  it  can  spontaneously 
give  origin  to  efferent  impulses  and  tlius  act  as  an  automatic 
centre,  as  can  the  central  nervous  system  itself.  The  bodies 
of  the  nerve-celis  I»ehave  somewliat  differently  from  the  axis- 
cylinders  at  some  distance  from  the  cells,  though,  as  we  lure 
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Been,  these  are  in  realitr  procossea  of  the  nerve-ceU« )  thus  the 
nerve<cella  in  the  ^nclion  appear  to  be  more  aemritive  to  cer- 
tain poisons  than  ar«  the  ncrvc-fibres  of  the  nerve-trunk.  But 
l>eyon(l  thia,  our  knowltidgu  coiiceriiiiif;  tht-  function  of  the 
eanglion  iu  almost  liinitutl  to  tliv  fuct  thtil  it  in  in  some  ^vay 
intiniivttily  (.•onue(;t«<l  with  the  nutrition  of  the  nerve.  As  wo 
have  ulreHily  (§  78)  said,  when  a  mixed  nerve-trunk  in  divided 
tlie  pei'ipheral  portion  degenerates  from  tlie  point  of  section 
downwardH  towards  the  periphery.  The  central  portion  doea 
not  8o  degenerate,  and  if  tlie  length  of  uorrc  removed  be  not 
too  great,  tile  central  portion  may  grow  duwiiwardH  along  the 
cotirso  of  the  degenerating  pi^^ripheral  portion,  and  thus  regen- 
vmtx  the  nerve.  This  degeneration  is  observed  when  the 
inixud  trunk  in  di\-ided  in  any  part  of  its  course  from  tbo 
periphery  to  eloite  up  to  the  ganglion.  When  the  posterior 
root  is  divided  between  the  ganglion  and  the  spinal  cord,  tlie 
portion  attached  to  the  spinal  cord  degenerates,  but  that 
attached  to  the  ganglion  reniains  iutnct.  When  the  anterior 
root  in  divided,  the  proximal  portion  in  ootiiii^ctlon  with  the 
«[)inal  cord  remains  intact,  but  the  distal  portion  between  the 
section  and  the  junotiuii  with  the  other  root  (legcnerates ;  and 
in  the  mixed  nerve-trunk  many  degenerated  tibres  are  seen, 
which,  if  they  be  carefully  traced  out,  are  found  to  be  inot«r 
(efferent)  fibres.  If  the  posterior  root  be  divided  carefully 
between  the  ganglion  and  the  junction  with  the  anterior  root, 
the  mnall  portion  of  the  posterior  root  left  attached  to   the 

Eiriphcrol  side  of  the  ganglion  above  the  section  remains 
tact,  as  does  also  the  rest  of  the  root  from  thu  gungUou 
to  the  spinal  oord,  but  in  the  mixed  nerve-tnuik  arv  seen 
numerous  degenerated  fibres,  which  when  examined  are  found 
tn  have  the  distribution  of  sensory  (afferent)  fibres.  Lastly, 
if  the  posterior  ganglion  be  excised,  the  whole  posterior  root 
degenerates,  as  do  also  the  sensory  (afferent)  fibres  of  the 
mixed  nerve-trunk.  Putting  all  these  (iictii  together,  it  would 
seem  that  the  growth  of  the  efferent  and  afferent  fibres  takes 
place  in  opposite  directions,  and  starts  from  different  nutritive 
or  'trophic  centres.  The  afferent  fibres  grow  away  from  bko 
ganglion  either  towards  the  periphery,  or  towards  the  spinal 
cord.  The  efferent  fibres  crow  outwards  from  the  spinal  cord 
towards  the  iK-ripIierT.  This  difference  in  their  mode  of  nutri- 
tioii  is  frequently  of  great  help  in  invcstignting  the  relative 
distribution  of  efferent  and  afferent  fibroji.  When  a  posterior 
root  is  cut  beyond  the  gungHoii,  or  the  ganglion  excised,  all  the 
afferent  nerves  degenerate,  and  in  tl>e  mixed  nerve  branches 
tliese  afferent  fibres,  by  their  altered  condition,  can  readily 
be  traced.  Conversely,  when  the  anterior  roots  are  out,  the 
efferent  fibres  alone  degenerate,  and  can  be  similarly  recogiiixerl 
in  a  mixed  nerve  tract.      When  the  anterior  root  is  <uvided 
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80me  few  fibres  in  it  do  uot,  like  the  rest,  degenerate,  and 
when  the  posterior  root  is  divided,  a  few  fibres  in  the  anterior 
root  are  seen  to  degenerate  like  tboso  of  the  posterior  root; 
these  appear  to  be  tfac  fibres  wliicb  givo  to  th«  anterior  root  ito 
"recuiTeiit  KCiisibility."  Iii  tho  case  of  certain  ttpiniil  nerves 
at  all  ev<.-nt«,  it  h)i»  al»o  been  ascertained  that  wbvn  thu  pon- 
terior  root  is  iliviiipd,  while  most  of  the  fibres  ui  the  piiri  of 
the  root  ihntt  cut  otT  from  the  ganglion  but  left  atUiehed  to  the 
cord  degenerate,  some  few  do  not.  These  few  appear  to  have 
their  trophic  centre  not  in  the  ganglion,  but  in  some  part  of 
the  spinal  cord  itaelf ;  we  shall  refer  to  these  later  on. 

'rtiis  method  of  distinguishing  nerve  fibres  bj-  the  features 
of  their  degenoratioii.  culled  the  ■•  dugi-ncration  method."  or 
»omotime»  from  the  name  of  (he  pbvitiulugiiit  who  introduced 
it,  the  "  Wallerian  method,"  lias  proved  of  fjreal  utililv.  Tinw 
in  the  vagus  nerve  wliiob  is  composed  not  only  of  fibres  which 
spring  from  ibe  real  vagus  root  but  also  of  fibres  proceeding 
from  the  spinal  accessory  roots,  tiio  two  may  be  distinguished 
by  section  of  the  vagus  and  spinal  accessory  roots  resjientively. 
we  shall  presently  see  that  thU  method  may  be  applied  to  tuc 
differentiation  uf  tracts  of  fibres  in  the  brain  and  spinal  cord. 


SEC  2.     THE   STRUCTURE   OF  THE  SPINAL  OOKD. 

§  453.  Before  we  proceed  to  dbictuu*  the  functions  of  the 
.ijitiiiil  coTii  it  may  be  as  well  to  call  to  mind  oonie  of  the  iniiin 
features  of  its  minute  struftun.'.  (Fig^s.  110.111.112.)  The  greater 
nunihcr  of  the  tihres  of  thi-  anterior  root  arc  the  clothed  axLi-cyl- 
indiT  processes  of  tells  lying  in  theunterior  horn  of  the  siime  side, 
plui-cit  not  fur  fiDin  the  orifjin  of  the  root  and  belonging  to  the 
«egiiiei)t  of  the  cord  indicated  by  the  root.  The  rust  of  the 
fibres  of  the  root  are  the  clothed  axis^cylinder  processes  of  cells 
lying  in  otlier  partii  of  the  grey  matter,  in  the  anterior  horn  of 
tne  op]K>8ite  Bide  and  cUe«^icrc.  In  the  case  of  all  the  tibre:* 
of  the  root,  the  axis  cylinder  is  tliu  continuation  of  a  process  of 
a  cell  lying  in  the  grey  matter  not  far  from  iJie  origin  of  the 
root.  We  niiiy  infer  that  ehiinges  started  in  these  ccUe  issue 
H8  efTerent  impulses  along  the  tibrex  of  the  root;  those  started 
in  tile  cells  of  uuterior  horn  are  motor  inipiilsee  parsing  to  the 
skeletAl  mii«elei(,  the  xinaller  number  )<tarted  in  other  cells  are 
protuibly  efferent  inipnises  destined  for  other  Btructures,  vaso* 
constrictor  impulses  and  the  like. 

The  fibres  of  the  posterior  root,  coming  from  and  dependent 
for  their  nutrition  on  the  gauglioii  of  the  root  (wc  may  neglect 
the  few  exceptional  fibre«  of  a  differeut  initure  and  having 
different  relations),  pitssing  for  the  most  part  into  the  [Kistcrior 
column  so  as  (o  form  the  "root-none"  lying  close  to  llio  median 
(tide  of  the  posterior  horn,  take  the  following  course.  Kach 
libre.  soon  after  it^  entrance  into  the  cord,  bifurcates,  one 
division  running  forwanis  towai^  the  head,  the  other  back- 
wards towards  the  bind  extremity.  Each  division  gives  trff 
"coliatera!"  fibres,  and  the  end  of  ciich  collateral  as  well  as  the 
final  termination  of  each  division  in  fumlshe^l  by  an  urborescence 
which  embraces  and  is  in  eoutaot  witli  but  not  in  continuity 
with,  the  body  of,  and  gcuernlly  with  the  bi-anche*  of  the  boily  of 
some  nerve-cell  iu  the  grey  ruatler.  But  the  course  of  the  fibres 
is  not  the  SAiiie  in  all  cases.  Many  of  the  fibres  (and  appar- 
ently all  the  backward  travelling  divisions  of  all  the  fibres)  are 
thns  by  means  of  the  collaterals  or  tfa«  nuui  tenuinations  brought 
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Fio.  no,  ATkxs«vkhm  l)oit«nvitMTK«i  Section* op TmSrivAtCoXD  (Hvmas) 
it  ««  Lbtkl  or  TiiK  Sixth  Tmoracic  (Duhsil)  S'ekvk.     (Sbe>rlllgtoa.>> 

MxguUled  111  time*.     Onu  lateral  half  an\y  is  (hi'wu.    Tbu  Ur^  i 

nerrc-cells  (drairo  trom  Actual  Kpi^clmirni)  arc  uluulcd  black  to  ttadn  thstr  i 

live  aiw,  shape  aud  position  more  nbvlonN ;  tli*  outline  o(  tbe  gray  matter  : 

tMsen  uiaiiu  Uiich  and  dark  iii  onltr  tu  reuder  it  conspicuoiu, 

A.F.  anlnrior  fiaHipe,     J".  F.  poslurior  fissure.     <v.  central  canal-     e,fj.  omtnl 
^iMliuniaau balance,  /l.p.  aiiic.riorrooi,  /".r.  lateral  (orinictincdiaic)! 
P.i'.  Btisdiaa  bundle  of  j"ihi<^rtor  ivioi  o(  uplual  nvm,  p^,  p"  SbiM  oti 
rior  root  nawlnit  p',  indiruL'tl)'  ihrouicti  iLe  «ut«tanr«  oi  Rdaiido,  p^,  ilinctl 
into  grey  matter,    a.gje.  anirrlur  gn-y  comniiamire.    p.^x.  pootetiur  fr<, 
coinin4mura.    a.<i  anterior  wbitc  comniiNiiin.'.     ani.  tol.  anterior  colani 
Uu.  ooL  lat4-ral  column.    pnM.  ml.  posterior  column.     ».g.  ttw  SObManoa 
Koliuido.    t.  septum  mRrhluji  out  ilii^  ezl«rtial  puetalor  «olBnn  or  colua 
ol  Burdacli.  r.p..  fruni  tlie  iumIuu  punieriur  ouluinn  or  culuDUi  ttt  Goli.  in.p, ' 

].  cells  of  lija  ant<?rior  horn.    3.  poaierior  vcalRiilar  colotnn  or  vealeiilar  cjllo- 
der.  or  oiuiuii  lit  Clarke  i  tlu>aniao(  UiocyllnderiadebwdbTAdoUMllin*,^ 
t.  cclU  of  the  iuMnuwllo-latwal  timet  or  latent  tioni.    0.  mOi  oI  the  | 
rIoT  honi.    7.  cells  of  the  anieriar  cerrii.    y.  a  met  at  IbrM  paodng  faoHl 
the  TesiculiiT  cylinder  f>  the  Utorkl  ooliuun. 
>  For  this  and  mttny  nuoMedlng  fl^uKa  I  am  deeply  Uidobt«d  to  my  friend  and 

former  punll  l)r.  siicirington  who  bu  kladiy  prepared  tlie  Agurw  tot  me  bom 

his  original  drawings. 


tPte.  111.  TKinSvKHiiK  DnKtorBimiiL  HxCTtmi  or  ftrixat.  Coan  (HcnuH)  *t 
THC  Lkvki.  ar  inn  Sixtb  Cskvicil  Nksti.     (Sberrin^n.) 
lltliiBdtmwiiotiiliennieccfiJeMFis.  110,  lliat  U  tnaoiified  16  UmM. 
"^ 


-to 


T^.L  laluml  reticular  fornution.    r/.p.  pi»l«rio«'  reticulu'  fonnUkni.    n'.  Aim 
flbtOKol  Ifttcral  bundle <if  tbo  poxtcriar  rout;  p*  ,p"'flbrMot  mtdlwn  MUDdl* 
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of  po«t«rlcnr  root,  eniriiog  grey  mnn^r  frnin  oxipma)  po8U'r[or  eodinD. 
X.  gny  matl«r  uf  posterior  honi.  Sp.  a.  buiiJltr^  uf  libn-s  bHliiu^rinc  to  tbo 
sfduSil  axxomoTv  uerro  ;  in  the  IntorHl  retiuuliir  fonnatiun  tliny  nm  *nrn  cut 
tnui5verE«ty.  n.  i»  >  naliml  ac^ptuin  of  coiinpptivi!  iluuc  marklni;  out  the 
oerebellnr  tract  C.'i*.  from  thn  rmmrd  pjniiiildiil  tract  C.P.T.  i.  >.  ti>ii» 
spongiosB-  3  a,  jS,  >,  kliral  cells  ol  tbo  aiitvriar  boni.  &.  01U  iii  thv  tvgioii 
o[  tlie  lAtenl  reticular  furuiatluEi.  Ttie  otlier  leiitni  ot  rcfi-rrnte  »t«  tba 
aamu  oe  in  Fig.  110. 

into  connection  with  cells  not  far  from  the  entrance  ot  the  root. 
The  cells  with  wliicli  the  fibres  are  thus  connected  are  iiitnateil 
in  various  parts  of  the  grey  matter,  oa  one  or  the  other  side  of 
tho  cord.  Among  tliese,  we  have  reason  to  bi-licvc.  arc  the  cella 
of  thi!  anterior  lioni  giving  off  axis-cylimh-r  [jroccsscs  to  ante- 
rior root«.,  and  in  this  way  a  diiecl  chain  between  iiffercnt  and 
efferent  tibres  seems  to  be  established.  Others  of  these  cells 
give  off  axis-cylinder  processes,  which  run  npwards.  headward.-«, 
forming  strands  in  the  white  matter  of  tlie  cord  and  end  in 
parts,  lying  in  many  cases  at  least  in  the  brain  almve  the  cord. 
Sach  cells  form  relays  in  the  traostnission  of  afferent  impulses; 
tlie  posterior  vesicular  cylinder,  the  column  of  Clarket  ia  a 
group  of  STieh  cells. 

In  a  certain  number  of  oases  however  the(auterior  divisions 
of  the")  fibres  do  not  make  8uch  iiiteedy  connections,  but  run 
upwards  in  the  median  posterior  column,  column  of  tioll.  which 
indeed  they  for  the  most  part  form.  Hence  when  a  jiosterior 
root  ia  cut,  degenerating  hhres  arc  found  in  the  median  poste- 
rior column  above  tho  entrance  of  the  root,  and  may  be  trac«d 
as  an  •ascouding'  degeneration  riglit  up  to  the  spinal  bulb. 
The  fihreti  coining  from  xuccesiiive  rooto  take  up  definite  posi- 
tions in  the  column  tus  i»  illustrated  in  Fig.  114.  The  contri- 
bution to  the  column  furnished  by  each  root  diminishes  however 
upwards,  as  shewn  by  the  diminishing  area  of  degeneration; 
that  is  to  say,  some  of  the  fibres  of  the  posterior  root  after 
running  in  the  median  fjosterior  column  for  a  greater  or  leas 
dUtiuice,  and  the  distance  may  be  considerable,  eventually  turn 
aside,  and  enter  the  grey  matter  of  the  cord;  here  tliey  end  in 
connection  with  nerve  cells.  The  contribution  to  the  column, 
though  thu!t  diminished,  may  he  traced  to  the  spinal  bulb;  here 
the  remaining  libresof  the  root  eud  in  couuection  with  the  cells 
of  the  gracile  nucleus. 

Thus  the  fibres  forming  the  posterior  root  of  each  spinal 
nerve  have  a  wide  and  manifold  grip  upon  tlie  central  nervous 
system.  Some  stretch  right  beyond  the  spinal  oord  and  lay 
hold  of  the  spinal  Inilh ;  and  these,  it  will  be  remarked,  keep 
entirely  to  the  side  on  which  they  enter.  Others,  running  for 
variable  distance  in  the  posterior  median  column  of  the  same 
Bide,  lay  hold  uf  the  grey  matter,  it  may  be  far  above  the 
entrance  of  the  root,  while  yet  otbers  lay  hold  of  the  grey  mat- 
ter soon  after  their  entrance  into  the  cord,  and  that  eitner  above 


Fn.  113.  Ta«v(vxKa  DomioraitrKAt.  SionoH  or  tbb  Smar.  Cotut  (RnAi) 
AT  TRK  I.KVEi.  Or  THK  TiiiHD  Li.'aitiiit  NtEiivK.     (SbnTrlngtoD. ) 

Tbia  la  dnwu  to  Uie  mow  Male  w  Fig.  110,  sod  iu  Uu  auoe  war  ucejit 
tlHt  lli«  outline  of  the  grev  maUar  ta  not  cxagBenlMl.  A*,  nicdiaa.  IV.  ioui^ 
■nedlue,  P»".  Uionl  btumlM  <■(  poMerlor  root*.  The  region  comptlMd  andar 
«>.(.  h  the  raaniD*!  sod*  at  LiMMier'a  xooe.  I'he  oUtor  Istuni  ot  tnUavao*  an 
the  Mine  u  Id  110  and  111. 

TliH  ibtH-  Hjruivd  110.  111.  113  on  iDtended  to  iiliutrate  the  mala  iliflenDtial 
lesturea  <■[  tlio  tbonolc,  onmcal,  luid  lutnlMU  ouciL 
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takeK,  produce  effects  ikImot«t  iiumediately  Abo%'e  or  below,  on 
the  same  or  bn  the  other  side,  or  may  have  to  travel  some  length 
upwardji,  on  the  same  side,  before  it  produces  its  effects,  or  may 
product;  no  wffcct  on  tlic  sptiiul  cord  it«clf,  but  spend  its  whole 
fitrcn^h  ou  the  )i])iiml  bulb. 

The  inelbod  of  dvgvuertititui,  uonGrmed  \>y  the  method  of 
development,  has  shewn  that  certain  libres,  Btariing  as  ani»- 
oylinder  processes  of  certain  cells  in  the  region  of  the  cerebral 
cortex  which  we  shall  speak  of  as  the  motor  area,  finding  tlieir 
way  to  the  spinal  bulb  through  the  eras  cerebri,  form  the  ante- 
rior pyramids  of  tlie  bnlb,  cross  at  the  decussation  of  the  pjTa- 
mids  to  the  lateral  column  of  the  cord  and  there  form  a  definite 
atnuid.  the  "CTvweti  pyramidal  tract  "  (Figs.  113,  H4_).     Thia- 


Wl 


^ 


Ct 


TlO.  118.    DiAUIUH   TO    n.UOTRATE    THE   aSRCIUL   AUtUMCaMliTT   Or   THK   %Vr- 

SitAL  Trai^ti  of  Wiiitr  MArrnR  nc  Tim  SrtiCAi.  Cora>.     (SherringtoiL.) 

'riii>  aoctkin  la  tak^n  nt  tlie  level  ol  tliu  fitUi  cervical  nerve,    llw  rdations  of 
[lit  Iritt^U  ill  ililTereiit  iVKiuun  uf  llie  uord  are  Bli«vru  in  Ffg.  114. 

Ttiv  iLsc!en<iiiig  tcni-'ts.  trncu  uf  usi^L'tidins  degonamtion,  nre  •haded  witti  dou^^ 
thn  cl(>.ic!('niliiit-  trncli,  irAcu.  of  iU'a«.'ucling  dwDOcrulan,  Ktt  ah»ded  wllb  lines  g* 
tiiu  Ahiuilug  U  III  cnch  cxac  pul  on  nno  Aldo  of  Uie  COtd  onlf.  lUe  tetn«nca  I 
bpiiLK  placed  on  Uie  other  side. 

er.i'.cruiEivdiiymiiiuLiI  tract.  ormoreBfaoitJypyntmiilaltnict.  rf.  P.  direct  pjn^ 
midal  Inou  nhnilLfl  on  the  nidn  oppovitn  to  thnt  im  Wbicli  er.P.  ia  ukadcd. 
in  order  to  indlcnm  tlici  dlffcn^uco  ol  thn  iwn  ns  in  crouiitfc.  C.b.  cvroMUr 
tract.  s.Ir.  and  e.r.  loKetlier  Indicate  tbo  tnedian  po«terlor  B«ct  or  iniCt 
fibTeHOf  tlMpOHteriantiota,  c.r.  reprewiutiDK.  a«i«i!XplBiuedBii>re(aUjr  IBI 
text,  ibo  corrlcat  and  i.Ir.  tliv  luicml,  lumbar  nnd  donul  root*.  9»e.ai.  I 
kbUtr^ntcral  ojccnding  tmct.  dnniul.  the  ai>l«in>-lnt«nil  dcMOndlng  tia 
The  ftre«,  not  slmdMl,  niitrke^  r,  i«  Ui«  amall  d<«ciMidlii)[  tract  or  tufas 
patch  nwatlODed  la  Die  t«xt  aii  obsorved,  ia  cenaiu  regiioiia  of  the  ooid,  T 
tli»  exienia]  poaterior  columu  rz.  The  ainaU  ana  at  tfao  Up  «f  Um  | 
horu,  marked  L,  U  tlie  patMrlor  margiiui]  n>nc  or  Liwaacr'i  luae. 

tract  lying  in  the  dorsal  region  of  the  lateral  column.  lateral  to 
the  posterior  horn,  and  marked  out  by  a  '  descending '  degen- 
eration, may  be  traced  down  the  whole  length  of  the  cord, 
diminishing  as  it  goes.  It  diminishes  because  fibres  8«cc 
sivcly  leave  it  to  make  connections,  also  of  coutuct  merely  noil 
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Fto.  IH.  DuoHAX  iLLraTMTiiro  soHBor  tiui  ruTL-BKa  or  nia  SruuL  Coxd 
Ai  DimnKKT  u:rKu.     (Sherrin^iuii.) 

Alt  tbo  flKiirc*  am  ilmwn  lo  m;»1o.  And  ropPMCnt  tbn  cord  moKntficd  four , 
tiliiM.  Tli(>y  abvw  tbc  clillcroiices  ai  iIID^kdt.  Ii-tqIs  In  Uio  shape  and  slM<  " 
the  curd.  In  the  outltue  uf  tliv  yrvy  mull^r.  ujiU  iu  tliu  KlaUve  poiilioii  of 
antcrtiir  and  posienor  )iuun«.  nod  ^»o  nIww  llie  variution*  at  diflerait  IcnU'' 
ot  ttir  Hnvcril  'Irncu'  ol  the  white  niatlcr. 
C,  «  the  level  ol  ihp  spcfind  ccrylcal  norm),  C»  (A  thr  fifth  ccrrical,  t'l  ol  Uin 
vigbtb  <««rrii.-a).  !>«  i.it  the  iMCCiiid  thoracic,  l>i  ot  \hv  lifili  thurai!!^,  tt  < 
tlic  finit  lumbar,  L*  u(  lb«  fiftll  lumbar,  nud  Sov.  ot  Ihn  sccoDd  sacral  aer 
TbAalindlng  of  the  uacia  In  thoMun*  fu  in  Fig.  \\Z\  hut  in  the  mnllAn  ]^ 

column  of  l>ilhaiiniiwf>f  flhrM  rainlnit  from  ili«  xacralnerrMa-r.,  and  Imi^l 
barnwTce  /.r.  are  d)»tioKai8hed  rruiu  the  are*,  dr.  of  Ubrw  beloatfbic  10 
the  (iionoio  nrrveH.  lo  C  8.  no  diiitiiitition  U  niadv  b«twe«n  any  m  VMM 
seta  of  fibtEs  ;  In  I,  6  ouly  flbri's  of  *acial  nerves  are  repRn^ntcd  ;  In  Lj  Di 
I)i,  tbn  inon^  dnr«U  Amnll  portloa  aortcqwnd*  to  ucial  flbrcs  and  tfae  next 
to  lumbar,  or  lumbar  thoracic  nerves. 

This  tract,  very  variable  in  different  animaltt,  is  only  found  in 
the  upper  part  of  thu  cord ;   it  dinunitihea  rapidly  aiid  soou  di&- 
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oppora,  the  fibres  forming  it,  cro)»ing  nver  in  the  anterior  com- 
tniasuro,  jkias  to  the  nervt^-cells  of  the  anterior  horn  of  the 
opjHHiite  side  with  which,  like  the  brother-fibres  of  the  crossed 
pyramidal  tract,  they  make  coiiiicL-tioiis  by  contact. 

A  ci>iiB|iiciiou8  trat-t  in  iiic  wliitv  niiittvr  of  thu  hiti-ral  cohimn^ 
is  tltc  ecreitdtar  tract  fFJgs.  113, 11-1)  uiurkvd  out  by  n  descend-' 
iny  (legctivmlion.  This,  starting  in  the  lowvr  pitrls  of  (lie  cord, 
and  lus  u  whole  iiipreasing  as  it  goes,  may  l>e  traced  thniiigh  tin; 
resliform  Imdy  of  ihe  same  side  to  the  cerelH'lUim.  We  have 
reason  to  l)elieve  that  the  cells,  the  axis-cylinder  processes  of 
cells  which  Hupidy  the  fibres  composing  the  tract,  are  thoMo  form 
ing  the  posterior  vcsiciilar  cylinder.  The  tract,  wc  may  con- 
clude, carries  to  the  cerebellum  afferent  impulses  furnished  by 
the  posterior  routs,  but  modified,  vre  may  presume,  at  the  relay  in 
the  posterior  vesicular  cylinder. 

Othi^r  tracts  have  also  been  made  out  in  the  white  matlt'r  of 
the  corii,  but  these  are  not  so  conspicuous  as  the  above.  It  U 
more  important  to  remember  that  a  large  number  of  the  fibres, 
both  of  the  lateral  and  anterior  (ventral)  columns  are  asia- 
cylinder  processes  of  cells  of  ono  part  of  iho  cord,  and  end  by 
arbores  ceil  CCS  making  contact  with  cells  in  unuthcr  jiart  of  ihv 
cord.  Sumo  of  these  fibres  run  their  wliule  course  on  the  same 
side  of  the  <.-urd ;  others  cross  over  to  the  oppositt;  side ;  these 
may  be  rcgarde*!  as  commissural  libres.  longitudinal  and  ti-ans- 
verse.  LiLslly,  some  of  the  celh  in  the  grey  matter  are  such 
that  all  their  processes  end  as  they  begin,  within  the  grey 
matter,  and  dn  not  contribute  at  all  to  the  white  matter. 

§  453.  Tie  Special  Feature4  of  tie  atwtral  reaiont  of  the 
Spinal  Cord.  The  curd  begins  beluw  in  the  slender  filament 
i-nlled  tlie_^Hni  terminate,  which  lying  in  Ibe  vertebral  cimal,  in 
the  midst  of  the  nw.ss  of  nerve  n^ts  called  the  eanJa  equina, 
rapidly  eidarges  ai  about  the  level  of  the  tinit  iundiar  vertebra 
into  the  evHun  mtduUarh.  This  may  be  regarded  as  the  begin- 
ning of  the  lower  portion  of  a  fusiform  enlargement  of  the  cord 
knon-n  as  the  lumoar  neellinff,  which  reaches  as  high  oa  about 
the  attachment  of  the  roots  of  the  twelfth  or  eleventh  thoracic 
ner\'o  at  the  level  of  the  eighth  tboracie  vertebr.i,  the  broadest 
part  of  the  swelling  being  abiiut  opposite  the  ihinl  lundiar  nerve. 
Above  the  lumbar  swelling,  ihrongh  the  thoracic  region  the 
iKimcwbat  narrowed  cord  retainit  about  Ihe  same  diaineter  until 
it  reaches  the  level  of  the  first  or  second  thoracic  nerve  opposite 
the  seventh  cervical  vertebra  where  a  Be«ond  fusifonn  enlarge- 
ment, the  cervical  ttcelUng.  broader  and  longer  than  the  lum&ir 
swelling.  K-Kins.  The  broudc-st  part  of  the  cervical  swelling  is 
about  opiKwite  to  the  tifth  or  sixtli  cervicjil  nerve  ;  fmrn  tbenco 
the  diameter  of  the  cord  U'couu-s  gnuiualty  somewhat  less  until 
it  IwgiuK  to  expand  into  the  bulb,  but  even  in  the  highest  [lart 
is  greater  than  in  the  thoracic  region.     The  sectional  area  of 
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the  cnrd  inrrea-ies  tlierefore  from  below  upwards. but  not  regu- 
larly, the  irregularity  being  due  to  tlio  lunibw  und  wrvical 
swellings. 

The  extroraity  nf  the  filum  tormiiiiilu  is  snid  to  consist  en- 
tiwly  of  iK-urot^liii  closuly  iiivi'slcd  by  Un-  lupnibranesi,  even  the 
central  ciuiiil  being  iihseiit.  A  lillle  iiigher  up  the  eentral  raiial 
bi'giiis.  and  iierve-eells  with  nerve-fibres  make  thfir  iippearaiice 
in  the  neuroglia ;  thus  a  kind  of  grey  matter  covered  by  a  thin 
supcrfioinl  liiycr  of  vrhitu  matter  is  established.  Wo  have  else- 
wIkto  referred  to  the  |iecnliar  fpatiints  of  llic  lower  end  id  llic 
conuH :  but  higher  up  the  canal  becomes  eentral  and  small,  Ui« 
posterior  eolumns  are  develujied,  and  the  grey  matter  eontains 
more  nervous elenieiitw  and  relatively  less  neuroglia,  becomes  in 
fact  ordinary  grey  matter.  From  tlienee  onward  to  very  near 
the  junction  with  the  bulb,  where  transitional  featurpji  Wgiii  lo 
come  in,  the  Hiiinal  cord  may  he  said  to  have  the  general  structure 
previously  described. 

The  sectional  arcii  of  the  wlute  matter  iucreasca  in  abnolute 
siie  And  oii  the  whole  iu  a  steady  uiunucr  from  below  upwards. 


V  IV  ui  II  I  V  IV  III  11  I  X.1  n  X  a  vnvn  n  v  n  h  n  i  vuiv*  vi  v  nr  u  a  i 

Ptc.  115.    DiAOKtv  KiiKwisD  rmi  imrRn  •Kcrini'AL  assAS  or  mx  Smkal 
Nkiives  procrkmno  mnsi  sstitw  i:i-wahu«. 

InlhUas  1(1  lhesiii-i'i'inlliigtl([\'ri"a  111) — I", —18, — II>.— 20.  all  nfwiilrb  refer 
tf>ni;iii.  tbo  li.-fl-li!>[iiJ  hIiIi'  n-Vd^Heiit"  tlivlioitom  i>f  tlii^  onLiiid  tlip  rlght'lmnit  ihs  i 
top  cif  ili^  coril,  ttiv  iiiuiirrnlH  iiidicitlin^  ■ucvnuttilly  tlic  hicimI.  Itimliar,  Uioncie  ^ 
and  cervical  nerve*.    Tlic  icvoml  figure*  nrr  not  drawn  to  the  «aiu«  Kale. 

In  other  word.-*,  in  a  section  at  any  level,  the  number  of  longi- 
tudiniU  fihres  forming  the  while  matter  is  greater  lluin  tue 
number  at  a  lower  level,  and  It-aa  than  the  number  al  u  lugher 
level ;  for  any  difference  which  may  exist  in  the  diameter  of  the 
individual  fibres  is  insulHcient  to  explain  the  differences  in  the 
total  sectional  area  of  the  white  matter.  If  wo  wore  to  meattnre 
in  man  the  sectional  area  of  each  of  the  spinal  nerves  as  it  joins 
the  cord,  and  toa<ld  Ibem  together.  piis;>ing  along  the  cord  from 
beiow  Ui»w»rd9  the  results  put  iu  llie  form  of  a  eiirvc  would  give 
us  some  such  tlgure  ax  that  shewn  in  Kig.  1  i•^  ;  the  area  gained 
by  adding  together  the  sectional  areas  of  the  nerves  increases 
in  a  fairly  steady  manner  from  below  upwards.  The  enrvc  of 
the  sectional  area  of  the  white  matter  of  the  cord  t.-iken  from 
below  upwards  would  bu  wry  simUar,  but  if  auyttting  more 
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reg:Mlar.  It  must  be  mulerstood  however  Ibat  tbc  dinieiisioDs  of 
tlie  aren-s  would  not  be  the  ttaiue  in  the  two  casei*.  Tlie  xectioiuiL 
area  of  the  white  matter  at  the  toj)  of  the  cepvieal  region,  thnngh 
ftreater  than  anywliere  lower  clown,  is  far  leas  than  the  united 
Hc-ctional  area  of  all  the  uvrvi'S  below  that  level.  The  white 
itiatlur  is  not  formed  bv  all  the  libren  from  the  nerves  which 
join  the  i«[)iiial  eord  i^ontiiiiiin^  to  run  alon;;  the  curd  up  to  the 
brain ;  ax  we  liiivi*  wen,  sume  at  least  of  llie  fibrt^s  end  iu  the 
grey  matter.  Neverthelaso  the  white  matter  in  passing  np 
the  cord  appeani  to  reeeivc  a  pernmnent  addition  at  the  entrance 
of  each  nerve.  We  may  infer  that  each  nerve  has  a  representa- 
tive of  iUelf  Ktarting  from  the  level  of  ita  entrance  and  running 
up  to  siinie  iKirt  of  the  brain. 

§  4M.  The  i^rt*)'  uiHtter  in  contrast  lo  the  w1iit«  matter 
sliewg  grant  variations  in  ureA  along  the  length  of  the  cord  ( I'ig. 
IIG).     From  the  entrance  of  the  coccygeal  nervu  upwards  the 
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urea  increases  very  rapidly,  reaching  a  maximum  at  a1>out  the 
level  of  the  5th  lumhar  nerve.  It  then  rupiilty  dei-reascs  to  about 
the  level  of  the  tlth  thoracie  nerve,  maintains  about  the  same 
dimensions  all  through  the  thoraeie  region,  and  begins  to  inerensu 
again  at  about  the  level  of  the  2n<l  tlioroctc  nerve.  lt«  »eeond 
mnxinmut  is  reached  ut  about  the  level  of  the  .^th  or  (ith  vervical 
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nerve,  after  which  the  area  again  becomes  smaller,  remaining 
however  ut  the  ujjper  cervical  region  much  larger  than  in  the 
thoraeie  region. 

The  me;iiiing  of  thcKe  variations  iK-eomes  dear  when  we  turn 
to  Fig.  IIT,  vvhiol)  shews  in  a  similar  diagruiniuatie  manner  the 
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spctioniil  arens  nf  the  several  spinal  nprvps.  It  will  I>e  observed 
that  the  iiirreaBe  ami  deereane  of  the  Heetioiinl  area  of  the  (frpy 
matter  follow  very  closely  the  ineroa«e  aiul  ilecreaae  of  the  tpiati- 
tity  of  nerve,  that  ia  to  say.  neglecting  diffcrenw-s  in  the  diani* 
etcr  of  the  lii)i-cs.  in  the  numlif^^r  of  nervc-libres  passui};  into  the 
cord.  The  st-ctloual  areas  of  llie  1st  nnt]  2iid  sjicrul,  4th  and  6th 
lumhar  iiervi-^t  are  wry  ItirEc,  and  opprwiitw  to  ihvsv  the  sectional 
area  of  the  ^jrey  matter  of  the  eord  is  very  larjje  also  ;  the  en- 
largement of  prey  matter  whieh  is  the  esiteniial  cjiiise  of  Ihu 
lumbar  swellitip  in  correlated  to  the  large  iinralier  of  liiires  which 
enter  and  leavt-  the  cord  at  this  region  to  supply  chiefly  the  lower 
limbs.  Similarly  the  enliirgt-uicnt  of  frrey  matter  which  is  the 
i'^cutiiil  cause  of  the  cervical  swelling  is  correlated  to  the  largo 
iiiiniber  of  fibres  whieh  enter  and  leave  this  region  of  the  curd 
to  supply  chiefly  the  upper  linil>s.  In  the  thoracic  region,  where 
tlie  nnmlier  of  flbres  entering  and  leaving  the  eoni  tH  relatively 
leH.t.  the  sectional  area  of  the  grey  matter  ia  also  less.  Sin<« 
the  attachments  of  the  several  spinal  nerves  are  not  exactly 
equidistant  from  each  other  along  the  length  of  the  cord,  the 
sectional  area  is  not  an  exact  measure  of  bulk  ;  the  total  btJk 
of  prey  matter  for  instance  belonging  to  two  nerves  which  enter 
the  colli  close  together  is  less  than  that  of  Iwo  nerves  giving 
rise  to  the  same  sectional  anta  of  grey  maltcr  as  the  former  two 
but  entering  the  coi-d  faraiwrt  from  each  other.  Still  tlieernir 
whieli  may  be  introduced  by  taking  sectional  area  to  mean  bulk 
is,  for  the  present  purposes  at  all  events,  so  small  that  we  may 
permit  ourselves  to  say  that  in  the  successive  regions  of  the 
spinal  cord  the  bulk  of  grey  nnitu*r  in  any  segment  is  greater 
or  less  according  to  the  size  of  the  iierve(or  pair  of  oervcs.  right 
and  left)  belonging  to  that  .segment. 

From  this  iiiialomical  fact  we  appear  justiiied  in  drawing 
the  conclusion  that  at  all  events  a  great  deal  of  the  grey  mat- 
ter  of  the  spinal  cord  may  be  consiilercd  as  furnishing  a  ner- 
vous mechanism,  with  which  the  cBcreot  fibres  of  eacK  spiiial 
nerve  just  before  they  leave  the  eord,  and  the  afforcnt  bbrea 
soon  after  they  join  the  cord  are  moi-e  immediately  connected. 
Il  may  be  that  the  whole  of  the  grey  matter  is  thus  directly 
connected  with  and  thus  rises  and  falls  with  the  libres  of  the 
nerves;  or  it  may  be  that  there  is  a  sort  of  core  of  grey  mat- 
ter, which  maintains  a  uniform  bulk  along  the  whole  length 
of  the  cord  and  serves  as  a  basis  which  is  here  more  and  there 
less  swollen  by  the  addition  of  the  grey  matter  more  immedi- 
ately connected  with  the  libres  of  the  nerves.  This  question 
the  method  which  we  are  now  using  cannot  i*ettle. 

§  455.  Owing  to  these  different  rate*  of  increase  of  the 
grey  and  white  matter  respectively  along  tJie  length  of  ihe 
oord,  we  find  that  in  sections  of  ihe  con!  taken  at  diflferent 
levels  the  appearances  preseuted  varj'  in  a  very  distinct  man- 


COAP.  I,] 


THE  Sl'lXAL  CORD. 


iier.  Tliis  is  strikinglv  shewn  by  comparing  Figs.  110,  111  and 
112.  At  the  level  of  tiie  third  lumbar  nerve  (Fig.  112)  the  grey 
matter  is  very  large,  reacliing,  as  we  have  seen.  it*i  maxinuil 
aectinnal  area  at  ahout  thin  point,  so  that  altliough  tlie  area  of 
whito  matter  is  not  very  great  tliv  wliulv  onsK  of  tha  cord  ia 
oonitiderable. 

At  tliB  level  of  the  sixth  thoracic  nerve  (Fig.  110),  in  spite 
of  the  whit«  nwillwr  Imviiig  very  tlecidedly  increased,  llie  grey 
matter  haa  ithriiiik  to  such  very  small  dimenaionH,  that  the 
total  sectional  area  of  the  eord  liaa  markedly  dimin)she<l. 

At  the  level  of  the  «ixth  cervical  (Fig.  Ill)  thu  grey  matter 
has  again  increased,  reaching  here  as  we  have  sei'U  its  second 
tnaxiinum  r  the  white  mutter  has  also  further  invreiised.  and 
that  indeed  very  eonsidvrably,  so  that  the  total  area  uf  the 
cord  ig  mueh  greater  than  in  any  of  the  lower  regions. 

Fnrther  detaiU  of  the  varying  ttize  of  tlie  white  matter  niid 
of  the  grey  matter  at  different  levels  are  aUo  shewn  in  the 
series  given  in  Fig.  114.  In  these,  combined  with  the  three 
figiiij-'s  just  referred  to.  it  will  Ite  observed  that  the  serial  in- 
crejisc  and  decrease  of  the  grev  matter  doi^s  not  affect  all  parts 
of  the  grey  matter  alike,  so  that  the  outline  of  t)ie  grey  mat- 
ter ctuinges  very  markedly  lu  pjissing  from  below  upwards. 
In  the  coccygeal  region  each  lateral  luilf  is  a  aoniewlint 
irregidar  ova),  ami  in  tlie  sacral  region.  Fig.  114.  Sac, 
the  difTcrentialion  into  anterior  and  posterior  Tiorns  is  .still 
very  indistinct.  In  the  lumbar  region  the  two  bonis  are 
sharply  marked  out,  though  both  the  posterior  and  anterior 
hums  arv  broad  and  more  or  less  qnadrate.  In  the  thoracic 
region  the  diM^reiLsc  of  grey  matter  lias  affected  both  horns,  so 
that  l)oth  are  {Minted  and  ^lender,  while  the  junction  between 
them  Ilis  not  nniiergone  .so  nnieh  diminntion,  so  that  what  haa 
Iteen  called  the  lateral  liorn  is  relatively  conspienoii.s.  In  the 
cervical  region  the  returning  increase  bears  much  more  on  the 
anterior  horn  which  ag.iin  oecomes  large  and  broad,  than  on 
the  posterior  horn  which  still  remains  slender  and  pointed. 
Taking  the  fonn  of  tlic  grey  matter  in  the  thoracic  region  as 
the  more  typical  form  of  the  grey  in:itter  we  may  say  tliat 
while  the  increaite  on  the  hnnlsir  swelling  Iwars  eijually  on 
the  anterior  and  posterior  horn.-*,  that  in  the  eervii-id  region 
bears  chiedy  on  the  anterior  honis. 

§  456.  The  white  matter  as  we  have  seen  increases  in  sec- 
tional ansa  with  considerable  regularity  from  below  upwards. 
Jf  instend  of  a  diagram  of  the  increase  of  the  whole  white  mat- 
ter, w«  ooiistruet  in  a  sitnilur  way  tliugrams  of  the  anterior, 
poaterior  and  lateral  columns  respectively  we  find  that  while 
the  aectinnal  area  of  the  lalerid  column  (Fig.  118)  inereases 
with  some  lonKiileraMe  regularity  from  below  upwards,  though 
not  so  regidarly  as  does  the  whole  area  of  white  matter,  both 
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th«  aiiU'iior  (Fig.  119)  anJ  the  posterior  (Fig.  1'20)  columns 
n;jree  lo  u  certain  vxtuiit  witli  tiii;  i^vey  iiiiitlfi'  in  sliowiujj  u 
(lecitlwl  iiK-rciisu  in  Iwlli  llii!  Iiuiilmr  and  the  i-ervical  swtrll injj«. 
Wft  may,  iirovisiunally  jit  least,  infer  from  this  that,  while  con- 
aideralile  i>firlion»  of  Imlli  tlie  antt-rioi-  tind  the  poslerior  col- 
umns are  like  the  adjoining  gi"ey  matter  in  some  way  or  other 
concerned  in  tlie  exit  ana  entnince  of  efferent  and  afferent 
fibres,  tlie  larger  portion  of  the  hitonil  vohimn  is  concerned 
in  tJio  transiuiiision  of  ini])uliie!<  to  unci  fro,  between  the  local 
mectiauLwus  below,  iuiinodiutely  oonnecled  with  the  several 
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Bpinal  nerves.  «nd  (he  hinln  above.  This  cfmoliisiion  seen 
incidentally  cmifiniied.  (though  these  diiigrainx  must  not  bo' 
strained  to  carry  detailed  inferences.)  by  the  sudden  innrea.se 
of  the  lateral  column  above  the  lumbar  swelling,  as  if  the  large 
mails  of  ner%-oU8  mechanism  for  the  lower  limbs  concentrated 
in  this  region  demanded  a  sudden  increase  in  the  number  of 
fibres  connecting  it  with  the  brain  above. 

This  more  or  less  coiitiniioiis  inereime  of  the  lateral  column  i 
partly  explauM  the  change  of  form  in  the  general  outline  oEJ 
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tlio  traiisvorso  suction  of  tlie  cord  which  is  observed  in  parsing 
upwards  fruiii  the  luwi-r  to  the  higher  regions.  In  tliv  coccy- 
gt-nl,  MiR'nd  niid  lutiihar  iv'^ioiii*  tliu  outline,  though  iiirying 
HOiiunviiiit  diiolly  owing  u>  tiie  diRpngition  of  the  grey  mnttvr, 
ift  on  the  wlinle  eirciihir.  In  the  thoracic  region  es]iecially  in 
the  up[>erpart  the  increase  of  the  lateral  coluntnR  increases  the 
Bide  to  side  diameter  so  much  that  the  section  becomes  oval, 
and  in  the  cervical  region  tliis  increase  of  the  aide  to  side 
dianiuter  out  of  proportion  to  thv  dorso-veutral  diameter  is 
Very  niurkcd.  The  uutuul  outline  of  the  whole  trunsvcr^ 
section  i«  however  deteriiiiiiett  ii)»o  to  a  certain  extent  by  tli« 
chiuieeii  of  furni  of  the  gri>y  matter. 

'i  lie  cord  moreover  undergoes  along  ita  length  a  change 
which  is  not  very  clearly  indicated  in  the  diagrams  Figs.  119, 
120,  By  compiiriiig  the  series  of  transverse  sections  given  in 
Fig.  114  it  will  lie  seen  that  the  relative  position  of  the  control 
canal  (ihiflH  itlong  thu  length  of  the  cord.  In  the  sacral  and 
liiml»tr  regions  llie  ccntrul  canal  is  nearly  ut  the  centre  of  thu 
circle  of  oiilliiii'.  and  the  posti-rinr  and  aiiterinr  tiN:<urc«  art) 
nearly  of  equal  dcplh.  Kven  in  ihe  upper  hiniluir  region,  and 
still  more  in  the  thoracic  region,  the  position  of  the  central 
canal  is  shifted  nearer  to  the  central  surface  so  that  the  poste- 
rior fissure  becomes  relatively  longer.  doei>er.  than  the  anterior. 
This  shifting  goes  on  through  tho  cervical  region  up  to  about 
Uio  Ifvel  of  the  2nd  cervical  nerve  where  it  is  arrested  by  tho 
b^inning  of  the  olmnges  thn>ugh  which  (he  spinal  cord  is 
transformed  into  the  fur  more  complicated  bulb. 

This  lengthening  of  the  posterior  li.'<snre  indicates  an  in* 
creas«  in  the  dorso-ventral  diameter  of  the  posterior  columns, 
and  this,  not  being  accompanied  by  a  comiiensating  diminutioa 
of  the  side  to  side  diameter,  shews  in  turn  that  the  posterior 
columns  undergo  an  increase  in  passing  upwaixis.  Frvm  thia 
we  may  add  to  (he  provisional  conchiston  just  arrived  at  with 
regard  to  the  hiter.i)  columns,  the  further  conclusion  that  s^mie 
part  of  the  posterior  columns  almo  is  eoncenieil  in  li-nnsmittuig 
inipuIse.-<.  in  a  more  or  less  direct  manner,  between  the  various 
regions  of  the  cord  below  and  the  brain  above.  The  anterior 
columns  do  not  increase  in  the  same  marked  manner,  though 
over  and  above  the  increuso  due  to  the  lumbar  and  cervical 
sn-ellings.  a  continued  increase  may  be  observed  esiKTially  in 
the  upper  cervical  region ;  it  is  in  this  Upper  n^ion  that  the 
direct  pyramidal  tract  is  best  developed. 
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SEC.   3.     THE  REFLEX  ACTIONS  OP  THE 
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§  457,  III  tli«  prcccdiiijj  portions  of  this  work  we  have 
repeatoiUy  st'iiii  tliot  tliouj^h  wv  t-au  Iwirii  much  concerning  tbo 
working;  of  an  organ,  or  tissne  or  [inrt  of  ihu  body  by  stuiTyinK 
its  behrtviour  when  isolateil  from  tlie  rest  of  tlii?  hody,  «U  the 
conchisiona  thus  gained  have  to  be  r:hecked  by  a  Rlnily  of  ihe 
behaviour  of  the  same  organ  or  part,  while  it  is  still  an  integral 
part  of  tlio  intact  body.  All  the  several  organs  and  tituiues 
are  bo  boimd  together  by  various  tics,  that  the  actions  of  each 
depend  on  ihu  nctioiw  of  tliu  rest ;  and  tu  say  that  the  life  of 
each  part  is  a  fiirntion  of  the  life  of  the  whole,  is  no  lu»«  true 
than  to  say  that  the  life  of  the  whole;  in  n  function  of  the  life 
of  each  part.  This  is  especially  borne  in  upon  lis,  when  we 
come  to  study  the  actions  of  the  central  nervous  system.  We 
may,  on  anatomical  jjrounds,  separate  the  spinal  coptl  from  the 
brain;  but  when  we  conic  to  consider  the  rt'specti^'e  functions 
of  the  two,  we  are  bi-uiij^lit  face  tit  face  with  the  fact  tliat  in 
nctnni  life  a  large  part  of  the  work  of  the  brain  i«  c^irried  out 
by  means  of  the  spinal  corrl,  ami  (-onver»ely  the  spinal  curd 
does  its  work  habitually  under  the  infhieuee  of,  if  not  at  the 
direct  bidding  of  the  brain.  We  may  gain  certain  conclusions 
by  studying  the  behaviour  of  the  spinal  cord  isolated  from  tlie 
brain,  or  of  parts  of  the  spinal  cord  isolated  from  each  other; 
but  we  must  be  even  more  cautious  tlian  when  we  were  dealing 
with  other  parts  of  the  body,  and  mu»t  jjrcatly  hesitiite  to  take 
it  tor  gniiiti'il  that  the  work  which  we  vnu  make  the  8pinal 
conl  or  »  part  of  the  spinal  cord  do,  when  isolated  from  the 
brain,  is  the  work  which  is  aetiially  done  in  the  intact  )>oily 
when  the  brain  and  spinal  cord  form  an  unbroken  whole. 
Moreover  this  caution  becomes  increasingly  necessar}-.  when  in 
our  studies  wa  pass  from  the  simpler  nervoii;^  svstcm  of  one 
animal  to  the  more  complex  nervous  system  of  another  ;  for  it 
iii  by  the  complexity  of  their  central  nervous  systems  mont 
than  by  nnylbing  else,  that  the  'hichest'  animals  are  ilifTer- 
enthiteil  from  those  '  below '  tliem.  When  we  compare  a  rabbit, 
a  dog,  a  monkey  and  a  man.  the  diSerenees  in  th«  vascular, 
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digeative  and  respiratory  nyfltemn  of  the  four,  striking  ns  they 
may  appear,  sink  into  insi^itioance  c<>nipared  with  the  ilif- 
ferenoea  exhibited  by  their  respective  centra)  nervous  systems. 
We  need  caution  wlien  from  tlio  results  of  experiments  on  dogs 
or  r»bhit«.  wo  ilraw  L>ouclusiotu<  ss  to  the-  tli^L^stion  or  circula- 
tion of  niuu,  but  wc  iicniX  far  ^rbiitor  cautiuii  wlii^n  from  the 
liehaviotir  of  tlic  i^oliitcd  spinal  <;iiri)  of  one  of  these  animala 
we  infer  tlie  I>e)iAvioiir  of  the  inUtct  spinal  con)  of  man. 

A  fnrtlier  difliculty  meets  us  when  an  experimental  inve«ti> 
gation  entails  o])erative  interference  with  the  central  nen'ous 
system.  Kemoval  c»r  section  of.  or  otJier  injury  to  parts  of  the 
brain  or  spinal  cord  is  vvvy  ajit  lo  give  rise  in  varying  degree 
to  wlial  is  known  as  'shock,'  Tint  cutting  or  touring  or  other 
lesion  of  nny  considerable  msma  of  nervonit  i^nhKlancc  atTei-ts  thu 
activity,  not  only  of  tlie  BlnK-turf*  innnedialely  itijni-ed,  hut  of 
other,  it  may  l>e  far  distant,  structures.  The  nature  of  'itliock ' 
is  not  as  yet  thoroughly  understood,  but  may  perhaps,  in  part 
at  all  events,  be  explained  by  reRarding  the  lesion  as  a  very 
powerful  stimulus,  which,  (tartly  by  way  of  inhibition  but  still 
more  by  way  of  exhaustion,  tle])ros«c8  or  suspciuU  for  a  while 
normal  fumtions,  and  thus  f^ivtit  rise  to  tein|>or»ry  diminution 
or  lo«^  of  consciousness,  or  volition,  of  ii;l1ex  movenit-nls  and 
other  nervous  actions.  Thus  n  section  tlirough  the  spinal  cord, 
even  whi^n  made  witli  the  tdiarpest  instrument  and  with  the 
utmait  skill,  so  as  to  avoid  all  bruising  as  ranch  as  possible, 
may  for  a  while  suspend  nil  reflex  activity  of  the  cord,  or  indeed 
all  the  obvious  activities  of  the  whole  central  nervous  system. 
We  may  add  tluit  such  a  '  ithock '  of  the  centntl  nervous  system 
may  also  ho  prmlueed  by  sudden  legions  not  livuring  directly 
OD  the  central  nervous  system,  tut  for  instance  by  exteuinvu 
injury  to  a  limb. 

KJoreover  in  many  cases  in  which  the  eiTecIs  of  experimental 
interfei-ence  have  been  watched  for  some  considerable  time, 
dayx.  months  or  years  after  the  operation,  it  has  been  observed, 
on  the  one  hand,  that  phenomena  uliidi  ar«-  conspicuous  in  the 
ejLrly  period  may  evvntunlly  disnpiHvir,  Hn<),  on  the  other  hand, 
that  ncttvitica  which  are  at  first  absent  rasiv  later  on  make  their 
ap|>e«ninoe;  movements  for  instance  whicli  are  at  ^rst  frequent 
after  a  while  die  away,  and  converselv.  movements  which  at 
tirat  i«eeniei1  intpossible  are  later  on  easily  achieve<l.  We  have 
to  disiinguii^h  or  to  attempt  to  distinguish  between  the  tem- 
porary and  the  lasting  effects  of  the  operation,  including  among 
the  former  not  only  those  of  ordinary  'shock.'  but  others  of 
slower  develo])uii-iit  or  longer  duration.  In  many  instances 
where  a  part  of  the  central  nervous  system  is  by  section  or 
ottierwise  sud<le»ly  separated  from  the  rest,  the  phenomena 
suggest  that  the  scjiarated  part  is  at  lirst  profoundly  iiifluem'vd 
aa  to  its  activities  by  the  withdrawal  of  various  influences  which 
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previously  were  bciuf;  i*xcrtu(l  ujKiii  It  by  tliv  rent  of  the  syirteni. 
but  lutvr  ou  act!(>iiiuio<liitir»  itKulf  tu  its  new  couilitiotu,  aiid 
li.'»nis,  so  to  jKpcak,  to  net  without  the  lielp  of  thiwe  influeneo«. 
Anil  itiileed  it  18  poKi^ible  that  »nme  of  tlie  eflecltt  of  even  imme* 
riiate  '  shock '  may  be  liiie.  not,  as  suggi'sted  above,  tn  the  aetion 
of  an  inhibitory  or  exhaui^tiiig  stimulus,  but  to  the  sutldcn 
cessiitiou  of  liabitual  iiitlufncc^t. 

Still,  in  spito  of  ull  tiivsL^  (lifHvnltiv!<^  it  is  poxsiblv  not  only 
to  iiscvrtitiu  the  working  of  nil  iHuliitvd  [loi-tiou  of  the  cvutrul 
nervous  sy«linn,  but  inx-u  to  infer  from  tlie  result*  «onie  coti- 
clunion.i  ttn  to  tiit!  ohare  taken  by  that  portion  iu  the  working 
of  the  entire  and  intact  Rvstem.  There  can  lie  no  doubt,  for 
instance,  that  the  Kpinal  cord  can.  quite  apart  from  the  brain, 
carry  out  various  rfllcx  iiclioiis,  and  that  moreover  it  does 
carry  out  iictiuu»  of  this  kind  wlien  in  the  iutuct  orgitnisni  it 
is  working  iu  concert  with  tlio  bruin.  Indeed  tlic  carrying  out 
of  vitrious  reflex  actions  seems  to  l»e  one  of  the  most  imjiortant 
functions  of  the  spinal  cord,  so  mueh  so  that,  tlinugh  the  limiii 
or,  at  least,  parts  of  the  brain  can  also  and  do  tlevelope  reflex 
actions,  the  spinal  cord  offers  the  best  field  for  the  study  of 
these  actions.  Wc  havo  already  (g  UU)  touched  on  the  general 
features  of  rclk-x  actions,  and  cUewhcro  have  iuoidentully  ilwtit 
on  purtivular  instunces;  wc  may  therefore  eonfiue  uursvlves 
now  to  I'l^rtaiu  points  of  Kt>ecinl  interest. 

^  45S.  .Many  of  the  features  of  reflex  movements  are  best 
studied  in  the  frog  and  other  cohl-bloiMled  animals,  since  in 
these  the  actions  of  the  cord  are  less  dependent  on.  and  hence 
lesa  obscured  by  the  working  of.  the  other  parts  of  the  central 
nurvous  system.  In  these  animals  moreover  the  shock,  which 
OS  we  havi;  said  follows  upon  division  of  the  spinal  cord,  uud 
for  a  wliile  »u»|)ends  reflex  a.ctivity,  soon  jiussies  awoy ;  within 
»  very  short  time  after  the  bulb  for  ioNtjinee  has  lieen  divided 
the  most  complicated  reflex  movements  can  be  carried  ou  by 
the  frog's  spinal  cord  when  the  appropriate  stimuli  .ire  applied. 
In  the  frog  reflex  actious  may  he  carried  out  by  a  very  small 
portion  of  the  eord,  by  a  single  segment  corresponding  to  a 
pair  of  nerves,  isolated  by  two  transverse  sections  from  the 
parts  above  and  Iielow.  Stimulation  of  the  «eii»ory  tlbres  of 
ihc  nerve  belonging  to  the  segment  will  give  rise  tn  contrnoi 
tious  in  the  muscles  supplied  by  the  motor  fibres  of  tJie  nerve. 
The  movements  thus  evoked  are  naturally  simple  in  character. 
When  a  hirger  portion  of  the  cord  is  experimented  upon,  and 
especially  wlicn  the  wlnde  eord  is  enijdoyed.  there  are  brought 
to  light  what  are  jHThaiHt  ibv  mu«t  notnble  features  of  reflvx 
movemeuLs.  their  complexity  and  purposeful  character;  a  few 
afferent  impulses  develo|>ed  in  a  h^w  affer^-ut  libres  may  leaid 
to  many  muscles  being  thron-n  into  contractii>ns,  the  time, 
order  and  vigour  of  the  several  contraotions  being  so  related 
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to  CAcb  other,  \Mng  so  "coordinated"  that  t)i«  movement,  tbe 
result  of  tlic  contractions,  socnres  some  end,  i;ithi?r  upjiarent  or 
real.  Thus  when  thw  afferent  fibn-s  »iistril>iiU'd  to  a  i^mtill.  it 
may  he*  a  very  Hiuall,  urea  of  thv  skin  of  tlir  Hunk  nru  stiniuhtlvd 
by  pluoiiig  ou  tli«  area  n  sitinll  pieop  of  jKijier  HOAki'd  in  ilihite 
aetct,  the  hinti  leg  of  the  ttanie  side,  by  a  fterici  of  tlexioiis  and 
extensionis  rei»eatedlj'  sweeps  over  the  spot  with  the  foot,  the 
purpose  of  the  movement,  namely,  to  hruah  off  (lie  cause  of 
irritation,  hcinfj  obvious.  For  the  carrying  out  of  ajiy  reflex 
movement,  simple  or  complex,  somf  portion  of  the  grey  matter 
of  the  cord  must  inlcrvcrie  hetween  the  afferent  and  efferent 
tlbroti.  In  the  xinipler  movement,  RiHiken  of  ahnve,  ait  earrieil 
nut  bv  a  single  segment  of  tiie  cord,  we  may  perhaps  Hnp{>ose 
thai  the  arborescent  terminations  of  the  afferent  fibres  impinging 
on  the  nerve-cells  giving  off  the  efferent  fibres,  supply  all  the 
nervous  mechanism  which  is  needed.  In  the  more  complex 
and  more  ordinary  movements,  the  nicc-huni:<!m  must  be  pro|>or- 
tionatcly  more  eomplcx  ;  and  wl*  may  pcrhaiw  conchide  that  in 
these  otiier  cells  of  the  grey  matter  inlervent-  lielweeu  the  ter- 
mination of  the  afferent  tibre,  and  the  ceil  whottu  axts-eylindcr 
proea'ts  is  the  efferent  lilire.  In  any  ease  we  may  ventnre  to 
speak  of  a  nervous  mechanism  within  the  cord  as  tbe  means  by 
which  a  reflex  movement  is  carried  out. 

The  exact  working  of  such  a  mechanism  in  each  particular 
ease,  and  so  lliu  chanuter  of  the  movement  carried  out.  is  deter- 
mined by  variotiB  causes.  It  is  in  part  deteriuinetl  by  the  chanic- 
tei-s  of  the  affen-nl  impulses.  Simple  nervous  impulses  generated 
by  the  direct  stimulation  of  afferent  nerve  lihres  generally  evoke 
as  reflex  movements  merely  irregular  spasms  in  a  few  musetes; 
whereas  the  more  compli<rated  differentiateil  sensor)'  iminilses 
generated  by  the  application  of  the  stmiulus  to  the  skin,  readily 
give  rise  to  large  an<l  purjiosefid  movements.  It  is  easier  to 
produce  a  complex  reflex  aetion  by  a,  slight  pressure  on  or  other 
sitmutation  of  the  skin  than  by  even  strong  induction-slioek* 
applied  directly  to  a  nerve  trunk.  If,  in  a  brainleas  frog,  (he 
area  of  akin  supplied  by  one  of  the  dorsal  cutaneous  nerves  be 
separated  by  section  from  the  rest  of  the  skin  of  the  back,  the 
nerve  Imng  left  nttache<l  to  the  piece  of  skin  and  Min-fully 
protected  from  injury,  it  will  l>e  found  that  slight  stimuli  applied 
to  the  surface  of  the  piece  of  skin  easily  evoke  reflex  actions, 
whereas  the  trunk  of  the  nerve  may  i>e  stimulated  with  even 
strong  eurrent8  without  pro<lucing  anything  more  than  irregular 
movements. 

§  459.  The  character  of  the  movement  forming  part  of  a 
reflex  action  is  also  influenced  by  the  intensity  of  the  stimulus, 
A  alight  stimulus,  such  as  gentle  contact  of  the  skin  with  some 
IkhIv.  will  produce  one  kind  of  movement;  and  a  strong  stim- 
ulus, such  as  a  sharp  prick  applied  to  the  same  !!pot  of  akin,  will 
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call  forth  quite  a  different  movement-  When  a  decapitated 
Hnako  or  newt  in  KiutjHiiided  luid  ihe  skiu  of  the  tail  lif^htly 
touched  with  the  finger,  tii«;  tail  lictids  towanlx  the  fi:ig«r ;  when 
tiie  skin  in  pricked  or  hiirnt,  thu  titil  in  lurne<l  nwity  from  the 
offending  object.  And  so  in  many  other  iuslanee^.  It  must  be 
remembered  of  course  that  a  diflference  in  the  intensity  of  the 
stimulus  entails  a  difference  in  the  chiiructers  of  the  affercat  im- 
pulses ;  f^ntle  contact  ;^ivos  rise  to  what  we  call  a  sensation  of 
toucii,  while  a  shurp  prick  gives  rlsu  to  paiu,  conseiuusness  Ix-in^ 
diHerently  atruol«d  in  the  two  case^  hecaiute  the  alTereut  impuli^e^ii 
arc  different.  Hence  the  instances  in  question  are  in  reality 
fuller  illustrations  of  the  dejiendence  nf  ihe  characters  of  a  reder 
movement  on  the  characters  of  the  afferent  impulses. 

I  460.  Kurtlier.  the  movement,  forming  jiart  of  a  reflex 
action,  varies  in  character  according  to  the  particular  part  of 
thi)  body  to  which  the  stimulus  is  applied.  The  retlcx  uctions 
developed  by  stimuhition  of  the  internal  viscera  are  diffcreut 
from  tliOHc  excited  by  stimulation  of  the  skill.  We  have  reason 
to  think  that  the  contraction  of  or  other  c)ian(;e.t  in  a  skeletal 
muscle  may  produce,  by  reflex  action,  contractions  of  other  nius- 
cles ;  and  such  reflex  actions  also  differ  from  those  started  by 
stimulation  of  the  skin.  In  retlcx  actions  started  by  apiil^nng 
a  stimulus  to  the  skin  the  movements  vary  largely  according  to 
the  particular  area  of  the  skin  which  is  auectod-  Thus,  pinch- 
ing the  folds  (if  skin  surrounding  the  anus  of  the  frog  pmduces 
different  effects  from  those  witnessed  when  the  flank  or  the  toe 
is  pinched;  and,  sfteaking  generally,  the  stimulation  of  a  par- 
ticular spot  calbi  forth  particular  movements.  In  the  case  of 
the  simpler  reflex  movements,  it  appears  to  be  a  general  rule 
that  a  movement  started  by  the  stimiUatiou  of  a  semsor^'  surface 
or  rcgiou  on  ouc  side  of  the  body,  is  develuiied  on  the  same  side 
of  the  body,  and  if  it  spreads  to  the  other  side,  still  remains  most 
intense  on  the  same  side ;  the  movement  on  the  other  side  more* 
over  is  svinmetrical  with  that  on  the  same  side. 

§  46L  From  these  and  similar  phenomena  it  is  ob^-ious  that 
when  we  allow  ourselves  to  speak  of  the  grey  matter  of  the  cord 
as  supplying  central  muchanisms  for  carrying  out  reflex  move- 
ments wc  must  not  regard  these  several  ntei-iianisms  as  rigidly 
separate  from  each  other  or  indeed  as  anuloiliically  distinci;. 
On  the  conti'ary  without  any  anatfimieal  ctuingi--,  as  the  result 
simply  of  physiological  changes,  the  afferent  impulites  reaching 
the  cord  along  a  set  of  afferent  fibres,  and  it  mav  Ite  any  set,  wiU 
under  certain  conditions  give  rise  to  efferent  impuls^  not  re- 
stricted to  a  definite  set  of  efferent  fibres  and  so  loading  to  a 
definite  purposeful  movements  but  overflowing  along  almost  oU 
the  efferent  fibres  leaving  the  oord.  and  bringing  about  eon- 
tractions  of  almost  all  the  skeletal  niimeles.  Thus  when  a  frog 
is  poisoned  with  strychnia,  a  mere  touch  of  the  skiu  at  almost 
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uij  point  will  hriiig  out  tctftnid  conviilinnns  of  the  whole  body. 
In  sucb  a  case  the  xtrycluiia  haH  prrKliiced  no  anatomical  change, 
it  lias  onlj'  moclilied  the  molecular  condition  of  the  stibtitanec  of 
the  cord  ;  and  that  has  lud  to  tlie  uiipareiit  disap{>cn ranee  of  all 
the  ci-iitnil  nicchanisnis  din-otin^  tliv  piiths  of  impiilsiw;  these 
now  »wm  ti>  triivvl  in  nil  directions  all  ovvr  thv  oord.  In  other 
vronltt  the  mec^hanisniR  of  which  we  are  s|>eitkiog  iii'u  iniipped  out, 
not  by  anatomical  rclalions,  but  hy  the  phy:<iiiIogiciil  condition 
of  the  cord.  Hence  we  cannot  always  pretlict  exactly  the  nature 
of  the  movement  which  will  result  from  the  fitimulatian  of  any 
purtieulHr  t<])OI.  hc-c4iit»u  iho  result  will  ^'(lry  accordtiig  to  lite 
coitdition  of  tlio  Hpiniil  cord,  i-npocialiy  in  relation  to  the  slrcuj^th 
ant)  t-hantcter  of  the  Hlimnluit.  Inileed.  uii<ler  a  rlmnge  of  ctr- 
eiinuttaiKreit  a  movement  quite  difTorpnl  from  the  normal  one  may 
make  its  apfiearance.  'Ihus  when  a  drop  of  acid  is  placed  on 
tile  right  6auk  of  a  brainless  frog,  tho  riglit  foot  is  almoat  inva- 
riably UHcd  to  rub  off  the  acid ;  in  thix  there  appears  nothing 
more  than  a  mere  'nieuhanionl '  retlex  uction.  If  however  tho 
right  leg  Iw  i^ut  off,  or  the  right  foot  be  otherwise  himlei-eil  from 
rubbing  off  the  acid,  the  left  foot  is.  under  the  eseeptional  eir- 
cnniKtanoes.  used  for  the  purpose.  This  at  drat  sight  hmks  like 
an  intelligent  choice.  A  choice  it  evidently  is ;  and  were  there 
many  instanees  of  choice,  and  were  there  any  evidenco  of  a  Tari- 
able  uulomatisni,  like  thai  whieh  we  call  'volition,'  being  muni- 
festeil  by  the  spina)  cord  of  the  frog,  we  should  !«  justilied  in 
supposing  that  the  ehoir«  was  determined  by  an  intelligenee. 
Hut,  as  we  shall  have  occiision  later  on  to  point  out.  a  frog,  de- 
prived of  ita  brain  bo  that  the  spinal  cord  only  is  left,  makes  no 
aptrntancoiis  movements  at  all.  Such  an  entire  abHcnce  of  spon- 
taneity is  wholly  invonsisteiit  with  the  pusm.i«eion  of  intulligeuoe. 
Then  again  the  alwvc  eK{>erin)ent,  if  not  the  only  insljince,  ix  nt 
all  eventJ4  by  far  the  mo»t  striking  iniitanee  of  choice  on  the  part 
of  a  bniiitless  frog.  We  are  therefore  led  t«  conclude  that  the 
phenomena  must  be  explained  in  some  other  way  than  by  )>eing 
referred  to  the  working  of  an  intelligence.  Moreover  this  con- 
clusion is  supported  by  the  lK.'haviour  of  other  iinimnls.  Thus 
nimilar  vicarious  retlex  niovcioent^  may  Iw  witne«Bed  in  mnm- 
muls.  though  nut  pcrliajie  to  such  ii  ulriking  extent  a»  in  frogs. 
In  dogs,  ill  which  partial  removn)  of  the  cerebral  liemisphei'eA 
lias  apjKirently  heightened  the  reflex  excitability  of  the  spinal 
cord,  the  remarkable  scratching  movements  by  means  of  the  hind 
leg  which  are  calleil  forth  by  stimulating  a  [Kirticular  spot  on 
tho  loins  or  side  of  the  body,  are  executed  by  the  leg  of  the 
opputtitottidc.  if  the  leg  of  the  same  siile  iK^gi-ntly  held.  In  this 
case  tho  vicarious  movements  are  inefl'ectual.  tJie  leg  not  being, 
as  in  tho  oas>!  of  the  frog,  crossed  over  so  as  to  bear  on  the  spot 
HtimnlatiMl.  bnt  simply  made  to  scratch  the  ccrrespniiding  Imi 
uustimuhiied  s[>ot  on  it«  own  side,  and  cannot  bv  considered  as 
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betokening  intelligence.  Agrtiii  the  'mechanical'  luitiire  of  re- 
flex a(;tirin»  is  well  illn.ttrftteil  i>y  the  behavinur  of  a  tlecnpitiited 
fuiake.  When  the  hodv  of  the  animal  in  thi-t  condition  i^  brought 
tDt(>  canta(;t  at  several  places  at  once  «-itb  an  arm  or  a  stick, 
complex  retiex  movements  are  Bxciti'd.  llu-  obvious  purpose  us 
w«li  m  effect  of  which  is  to  twine  the  Ixidy  round  the  objcrt. 
A  docnpititteil  tinake  will  bowwer  wilb  ei]ual  luul  fatiil  readiness 
twine  it«elf  round  ii  red-lmt  btir  of  irmi,  wliicb  is  niatle  to  touch 
ita  Kkin  in  several  plai^^rs  at  the  same  time. 

^  §  463.  The  explanation  of  the  above-quoted  instance  of 
apparent  choice  on  the  part  of  t)ie  frog's  spinal  cord  U  to  be 
aoujjbt  for  in  the  modihcations  of  the  activity  of  the  central 
mechuuism,  rt^sulting  from  afiTercnt  im])ulses  other  tlian  those 
which  supply  the  excitioij  cwuse  of  the  reflex  movement.  Th« 
exi:«tenee  and  impor1«nce  of  these  other  iifferent  impulses  will 
Iw  «een  if  we  bear  in  mind  that  mo.st  reflex  mnvementit  are,  as 
we  have  said,  'coordinated;'  that  is  to  say  not  only  are  many 
distinct  muscles  brought  into  play  but  certain  relations  are 
maintained  between  we  amount,  duration  and  exact  time  of 
occurrence  of  the  contraction  of  each  muscle  and  those  of  the 
contractions  of  its  fellow  muscles  shiirin;;;  iu  the  movement. 
In  tbo  absence  of  such  coordination  tlie  movemeut  Mould  Ik- 
Ooiiie  irregular  and  inefTectual.  We  shall  liave  occasion  later 
on  in  dealing  witli  voluntary  movements  to  point  out  that  the 
coordination  and  hence  the  dae  acoompUsliment  of  a  voluntary 
movement  is  dependent  on  certain  afferent  inipubies  passing  up 
from  the  contracting  muscluu  to  the  ceutrsi  nervous  system, 
and  guiding  the  diselmrge  of  the  efferent  impulsi^'S  which  vuti 
forth  the  contractions.  When  these  ufl'erent  inijiulses  affect 
coniteiousne««s  we  speak  of  them  as  constituting  a  'muscular 
sense;*  it  is,  as  we  shall  see,  by  the  'muscular  sense'  that  we 
become  aware  of  and  can  appreciate  the  condition  of  our  mus- 
cles. Uut  we  luive  reason  to  think  that  the  afferent  impulses 
which  constitute  the  basis  of  tlie  muscular  seusie.  whatever  ba 
their  exact  nature,  in  order  to  play  their  part  iu  bringing 
about  the  coordination  of  a  voluntary  movement  uetni  not 
puss  right  up  to  the  brain  and  develope  a  distinct  niusimlar 
'sense,'  but  may  produce  their  etTect  by  working  on  the  ner- 
vous mechanisms  of  the  spina]  cord  with  which  the  motor  libres 
can-ying  out  tho  movement  are  connected.  In  other  words,  the 
coordination  of  a  voluntary  movement  may  take  place  in  the 
part  of  the  spinal  cord  wiiieli  f.nrries  out  the  movement. 

But  if  ihe  spinal  cord  pO!<ses.M'»  meclmnisms  for  carrying  out 
ooordiiuitA^rd  movements,  which  in  tJie  cawi  of  voluntary  move- 
ment«  are  liischarged  by  nervous  impulse.^  dateending  from  the 
brain,  we  may  infer  that  in  reflex  actions  the  same  mecbauLsmii 
are  In-ougbt  into  action  though  ihey  are  discharged  by  afferent 
impulses  coming  along  ufTereut  nerves  instead  of  by  impulses 
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deAosndinK  from  the  brain.  The  movi-mcat»  of  rcSex  origin, 
in  all  their  featui-ea  except  th«ir  cxcitiu);  taust'.  iip|>rar  identi- 
cal with  voluutury  movuniuntx;  the  two  can  only  l)v  disttn- 
giuHhcd  from  unAi  other  hy  a  knowledge  of  the  excilinj;  cuusv. 
And  it  dui^'ms  unreasonable  to  suppose  that  the  spiniil  eonl 
shuuiil  ]HMKe:s»  two  net»  of  niechaniaraa  in  all  rcs[>ecls  tdcntioiil 
savu  ihiit  the  one  is  discharged  by  voliiional  impiiiset*  from 
the  brain  and  the  other  by  afferent  impulses  from  afferent 
nerves.  We  are  led  therefore  to  the  conclusion  that  in  a  reflex 
action  two  kinds  of  afferent  impulses  ore  concerned:  the  ordi- 
nary afferent  impidses  which  diijuluirge  th«  nerroiu  mechanism 
within  the  cord  and  so  provoke  the  movement,  an<l  the  nffercnt 
impulses  which  connect  that  nervous  mechanism  with  the  inuH- 
cht^  ahiini  to  l)e  called  into  play,  and  which  take  jwrt  in  the 
coordination  ot  the  movement  provoked.  The  nature  of  the«e 
latter  afferent  impuUea  is  at  present  obscure:  but  if  we  admit, 
aa  we  seem  compelled  to  do,  that  the  chanicler  of  a  reflex 
action  is  determined  by  them  as  well  as  by  ibc  afferent  im- 
pulses wbiL-b  actually  disehar^e  the  mei^'liiinism,  the  way  is 
opened  for  an  explanation  of  the  fact  that  when,  us  in  the  case 
of  the  Irog  in  question,  the  usual  wet  of  miwiles  rannot  Ik-  em- 
ployed by  the  nervous  uieehanism,  recoui-se  is  lunl  to  iuioltierset. 

§  463.  Lastly,  tJie  characters  of  a  reflex  movement  ar«.  as 
we  need  hardly  say,  dependent  on  the  intrinsic  condition  of  the 
cord.  The  action  of  strychnia  just  alluded  to  ia  an  instance 
of  an  augmentation  of  reflex  action.  Convereely.  by  various 
influences  of  a  depressing  character,  as  by  various  anH<sthclics 
or  other  {wisuos.  reflex  action  may  be  lessened  or  prevented. 
80  idso,  various  diseases  may  so  afl'cet  llie  !<i)tiiul  eon)  as  to 
pro<tn«e  on  the  one  hand  inerensed  reflex  excilability  so  that  a, 
mere  tounb  may  produce  *  violent  movemem,  and  on  the  other 
hand  diminislied  reflex  excitability  so  that  it  becomes  diflicult 
or  impossihie  to  call  forth  a  reflex  action. 

In  the  mammal  the  study  of  reflex  action  is  rendered  some- 
what difficult  by  the  effects  of  aliock  to  ubicb  we  nfcrred 
above.  i''or  da^-s  even  after  division  of  the  spinal  cord  tJie 
uir(«  of  the  botty  8upplie<l  by  nerves  springing?  from  the  cord 
helow  the  section  may  exhibit  very  feeble  reactions  only.  In 
the  dog,  for  iiwtance,  after  division  of  the  spinal  «>nl  in  the 
lower  thoracic  region,  the  hind  liml>s  hang  flaccid  and  motion- 
less, and  pinching  tiie  hind  foot  evokat  as  a  response  either 
slight  irregular  moveraent*  or  none  at  all.  Indeed  were  our 
olMcrvat ions  limited  to  this  period  we  might  infer  that  the 
reflex  actions  of  tin;  spinal  etrrd  in  the  mammal  were  but  fevble 
and  insigiiilicant.  If  however  the  animal  be  ke]it  alive  for  a 
longer  j>eriiMl,  for  week»  or  Iwtter  slill  for  montlis,  though  no 
union  or  regeneration  of  the  spinal  cord  lakes  place,  reflex 
movements  of  a  |M>werful.  varied  aJid  complex  character  niani- 
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fettt  tliemEulve!!  in  ihv.  bind  liinlis  nnil  hinder  parts  of  the  body ; 
a  very  feeble  .it iinnliiit  ajijilied  to  the  tikin  of  the^e  rvj^iuna 
promptly  gives  rise  to  extensive  and  yet  coordinate  niovetiienlH. 
Indeeil  the  more  the  mattL-r  is  studied,  the  stronger  is  the  evi- 
dence that  the  reflux  movements  carried  out  by  isolated  por- 
tions of  the  Spinal  cord  of  the;  initnimul  urc  linrtlly  less  dftiiiite, 
complete  and  )iurposcfu1,  than  thoKe  wilnesMHl  in  tbu  fro^. 
And  the  main  puuitj«  on  whiili  viv  Imve  dwHl  above  in  rclution 
to  the  froR  hold  gooil  for  the  niarnnifti.  It  is  ivorthy  of  ntten- 
tion,  IM  bearing  ont  the  remarks  made  atmve  on  the  great 
ditTert>nliation  of  the  eentral  nervoiis  system  in  the  higher 
sinimnlH,  tluit  the  reflex  phenomena  in  mammals  vary  veir 
nundi  not  only  in  diffci-eiit  s|wcics  but  also  in  different  indi- 
viduals and  in  the  same  individuul  under  dilTcreut  circum- 
atancQH.  Ifacc,  uf^s  and  previous  truiuiuj;,  »uem  to  hart;  a 
marked  effect  in  determining  the  extetit  ntid  ehanicter  uf  the 
reflex  uctions  whieb  the  si)inHl  cord  is*  rapahle  of  eHrrying  ont ; 
ttnd  theite  seem  also  to  lie  largelv  influeneed  by  passing  circmii* 
nt^nees,  siu^h  as  whetlier  food  lias  been  recently  taken  or  no. 
It  has  been  asserted  that  the  isolated  spinal  cord  of  the  rabliit, 
which  has  been  ihe  suljjtict  of  so  many  cx|)eriment8.  is.  as  com- 
pared with  that  of  the  dog  and  nmny  other  mammuls,  singu- 
larly deficient  iii  the  power  of  carrying  out  complex  reflex 
movements. 

§  4M-  When  we  eome  to  study  the  reflex  acliotis  of  roun 
we  should  at  first  perhaps  l>e  inclined  to  infer  that,  since  in 
him  the  spinal  cord  is  so  largely  used  as  the  instrument  of  the 
brain,  the  independent  reflex  actions  of  the  cord,  at  least  sueh 
•8  affect  skeletal  muscles,  are  in  him  of  much  less  importance 
than  they  appear  to  be  in  animnls;  and  experience  se«ms  to 
support  this  view.  Hut  tl  must  ha  remembered  that  in  his 
case,  as  we  have  alroAily  Ktaled  (§  -t-W),  we  luck  the  gnidaneu 
of  ex  peri  men  I  ill  results  ;  we  are  obliged  to  trust  to  the  entnn- 
gled  phenomena  of  disease  or  to  a  study  of  the  liehnviour  of 
the  coril  while  it  is  still  a  pait  of  an  intact  nervoiLs  system  ; 
and  each  of  these  methods  presents  difliculties  of  iu  own.  The 
movements,  which-  in  the  intact  human  body  we  can  recognize 
as  indubitable  reflex  actions,  are  as  a  rule  simple  and  luiimpor- 
tanf.  They  am,  in  by  far  the  greater  num)>er  of  instancea, 
ooeasioned  by  stimulation  of  Ihe  rtkin  or  of  the  mucous  mem- 
brane, for  the  most  part  involve  a  f-^w  muscle;*  only,  and  rarely 
indicate  any  very  complex  coordination.  The  flexion,  followed 
by  extension,  of  the  leg  which  is  called  forth  by  tickling  the 
sole  of  the  foot,  may  perhniw  he  regarded  as  the  type  of  these 
movements.  A  very  common  form  of  reflex  action  la  that  in 
which  a  mnttcle  or  group  of  nuiselcs  is  thrown  into  contraction 
by  stimuhttiioi  of  tlie  overlying  or  iicigblmuring  skin,  as  when 
the  abdominal  muscles  contract  upon  stroking  l]ie  skin  of  the 
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abclomeii  or  the  testiclw  is  rotnicttMl  upon  stroking  tlic  inside 
of  tli«  tbigli.  A  si>i'L-ial  form  of  rt-Ucx  acliou.  or  nt  Ivust  an 
action  iiuiintHint.Hl  iiy  nmny  to  Ih.-  ii  rvt\vx  iietion,  la  enlk-il  furtb 
by  sliurjily  sinking  if?rUiii  tviulonct.  ll  m  well  known  for 
inxUmiw  lliitt  whtm  thu  W  in  plnced  in  an  easy  posit  ion.  rft«t- 
ing  for  iii»tanoe  on  the  other  le^.  a  Hhar[(  blow  on  tlie  patellar 
tendon  will  catisu  a  sudden  jerk  forward  of  tlie  leg.  urouglit 
almiit  by  a  coiitraetioii  uf  part  of  tlii;  qnndriccpH  femoriii ;  it  is 
necessajy  or  ut  k-ost  dcsirublu  for  u  Rood  devclopnieiit  of  tlic 
jerk  tliiit  till*  tvndon  (and  rmi^i  li'>  -thonhl  be  suitiewhiit  on  tlie 
»tri't*li.  Similarly  tliu  niusil.s  ..f  tlie  calf  may  1*  tbmwn  into 
a«tion  by  lujiping  the  t^ndo  Ai.-liillii<  put  Romewhat  on  the 
stretch  by  Hexion  of  the  foot;  and  in  some  casea  the  same 
niuacleft  may  be  made  to  execute  a  series  of  regular  rhythmic 
contnictionN.  called  'clonit;'  contractions,  by  sutldenly  pressing 
b«ck  the  sole  of  the  foot  so  as  to  put  them  on  iJie  stretcn.  The 
"knt't-jork,"  a»  the  Kuddeii  ext>'nsion  of  the  leg  when  the 
patella  is  Htrtick  is  fauiiliiirly  CHlU'd.  has  «t-(]iiired  (frcnt  iutt'n-st 
in  medical  pruclire,  and  has  been  titri.- fully  Klndicd  not  only  in 
man  hut  in  varinux  aniinabt.  It  has  lieen  contended  by  some 
that  the  act  is  not  truly  a  rettex  one,  but  the  evidence  on  the 
whole  goes  to  shew  that  it  is.  From  various  experimeutJt  we 
learn  lliat  in  it  as  in  an  ortlinsry  reflex  movement  there  are 
three  factors,  namely,  an  afferent  limb,  a  spinal  feutr«  and  an 
efferent  limb  :  if  any  one  of  these  three  factors  fails,  the  whole 
act  fails.  The  efferent  limb  i»  furnished  by  fibres  in  the 
anterior  crural  nerve  uhieh  reAeliing  that  nerve  by  tlie  anterior 
roota  of  (in  man)  the  ild  and  4th  lumliiu*  nerves,  ami  parsing 
lo  the  vaittus  intvrnuH  mui^ele  and  adjoining  portions  of  the 
ornrens  muHi-h-,  these  l>eing  the  parts  of  the  great  quatlriceiia 
concerned.  The  spinal  centre  lies  in  the  liimlwr  ])i)rlion  i>f  tha 
cord,  in  what  in  man  corresponds  to  the  3d  and  4th  hmihar 
segments.  The  afferent  limb  is  furnished  by  tibrcs  startijig  in 
tlie  patellar  tendon,  running  in  the  auterior  crural  nerve,  and 
n-uciiing  tlw  eonl  by  the  posterior  root  of  (in  man)  the  4tb 
liinilnr  uerve.  It  is  further  worthy  of  notice  lu  an  iiliielration 
of  wliat  we  wer«!  urging  a  little  while  track  that  the  vigour  of 
the  knee-jerk  is  inffuenend  hy  the  antagonistic  liamstring  nniS' 
cles.  and  that  not  merely  in  a  mechanical  way  but  by  iiertou^ 
action.  The  knee-jerk  is  reinforced  by  cutting  the  nenes  sup- 
plying the  hamstring  muscles,  or  by  simple  division  of  certain 
posterior  roots,  fibres  of  which  tnke  origin  in  those  niuselu)  or 
their  tendons ;  it  is  deprtuuwd  by  eenlral  stimulation  of  those 
nervea.  or  by  simply  stretciiiiijj  the  hannttriiig  nniiwleti.  It 
would  appear  tliat  tliese  flexor  muscles  antagonistic  to  the 
exteiiKor  niutuli^.  send  up  to  the  spinal  cord,  according  to  their 
condition,  afferent  impulses  which  inllucnra  the  spinal  centre 
for  the  knee-jerk.     The  activity  of  the  same  ventre  may  also  be 
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influenced,  in  the  way  of  itugnieiitftlion  or  ile[ >[«!<» ion,  by  ner- 
vouii  iiiipuUett  reaching  it  from  other  parttt  nf  the  nervous 
system. 

When  we  turn  to  the  teaching  of  disease,  we  agnin  find  that 
reflex  movomtmts  carried  out  by  th«  cord  or  by  parts  of  the 
cord  arc,  ou  thu  wliulv.  scanty'  aud  slniplv. 

Id  Huuic  stotf^CH  of  vvrtiiui  discusci*  of  th«  spiutil  cord  ext«n- 
isiira  rcliux  niovt;i»L-nt«  it  is  triiu  im  witiicHsi^u  ;  but  these  arc 
not  purposeful  cotn-ditmteii  inovemeiittt.  such  lut  have  bvcu 
dfsprllied  alKive  as  occurring  In  frngi*  and  iniiuuituls  afu-r  ex- 
perimental interference,  but  rather  luei-e  exaggeratiiiu!(  of  ihe 
simpler  relies  movements  witnessed  when  ilie  nervous  system 
is  intact.  In  cases  of  paraplegia  (such  being  the  term  gener- 
ally used  when  disease  or  injury  has  cut  off  tlio  cord,  generally 
the  lower  part  of  ihc  cord,  from  the  bruin  so  that  the  will  can- 
uol  bnn<;  ubimt  movumenti<  in,  and  the  mind  derives  no  Hunsa- 
tious  from,  the  parU  below  the  lesion,  the  legs  for  instunee). 
it  somelimtt.s  happens  that  contact  with  the  bedclothes,  or 
Other  exUtrnal  nlijeeta,  seta  up  from  time  to  time  rhythmically 
repeated  moveraeiita,  the  legs  being  alternately  drawn  up  ana 
tlinist  out  again.  And  an  exaggeration  of  the  •  knee-jerk '  or 
other  ■  tendon  reflexes '  is  a  very  common  symptom  in  certain 
spinal  diseases.  It  is  rai'ely  if  ever  that  reflex  movements  of  a 
really  complieat'Cd  ohanicLer  are  oljservcd.  Moreover  clinical 
exjierience  shi^ws  that  in  man,  when  a  [mrtioii  of  ibe  curd  is 
isolate<l,  reflex  actions  carried  out  by  means  of  that  portion  so 
far  from  being  exaggerated  are  much  more  commonly  exceed- 
ing feeble  or  absent  altogether.  In  the  cases  in  which  tlie 
physiological  continuity  of  the  lower  \Tith  the  upper  part  of 
the  cord  has  been  broken  by  disease,  by  some  growth  invading 
tlie  nervous  structures  or  by  some  chunijes  of  the  nervous 
structures  themselves,  wc  may  attempt  to  explain  the  absence 
from  the  lower  imrt  of  coordinate  reflex  activity,  such  as  ts 
seen  in  the  lower  animals,  as  due  to  the  disease  not  only  affect- 
ing  tiie  powers  of  the  actually  diseased  [>art,  btit  inliiiencing 
the  whole  cord  below,  and  either  by  inhibition,  of  which  we 
sliail  speak  presently,  or  in  some  other  way  depressing  its  func- 
tions. But  the  same  absence  of  complex  reflex  movements  is 
also  often  observed  in  cases  in  which  the  cord  has  been  severed 
by  accident,  and  indeed,  though  acoidenl^il  injuries  to  the 
human  cord  generally  produce  more  profound  ami  cxtcusii'c 
mischief  than  that  which  i-e^ult^  in  animals  from  skilful  experi- 
mental interference,  clinical  exjierience  tends,  on  tlie  whole,  to 
support  the  view  that  in  man  tJte  more  complete  snltordi nation 
of  the  spinal  cord  to  the  brain  has  led  to  the  dying  out  of  the 
complex  reflex  actions  which  are  so  conspicuous  in  the  lower  an- 
imids.      This  however  caiinut  be  regarded  as  distinctly  proved. 

§  465.     Wo   lutve   dwelt   above   ehielly   uu   rvflex   actions, 
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in  which  the  efferent  impulses  cause  coutraetions  of  skeletal 
niiUM-'lui  since  thesis  an*  un<lou))t«(lly  the  most  conuuon  and 
the  must  prominent  forms  of  riiflex  action ;  but  it  must  not  be 
forfrolt«n  timt  iht-  i-ffcri-'iit  iiiipuUeit  of  reflux  uri^iii  miiy  pro- 
duce contract  tons  of  otlier  iuuscIhs.  as  well  a.-*  olht-r  nflffcts. 
HUch  ti»  secretion  for  ini^ttiiice.  <>ii  oeveral  of  tliese  wv  have 
dw^lt.  from  time  to  time  iu  previoUH  partH  of  tliitt  work,  and  it 
will  be  unnecessary  to  repeat  them  here.  Hut  it  may  be  worth 
while  to  point  out  that  the  spinal  cord  by  serving  as  a  reflex 
centre  for  innumerable  ties  which  correlate  tlie  nutritive  or 
mi'tabolic  activities  of  the  several  tissues  to  nveuls  taking  place 
in  other  fmrts  of  the  body,  plays  u  ocnspirtious  pari  in  securing 
the  welfiire  of  the  whole  body.  In  driiliiijj  (§  4.H1')  wilh  the 
general  problems  of  nutrition,  we  staled  that  »n  orderly  nutri- 
tion ttpi>e»r»  lit  be  in  some  way  dej)emleiit  on  nervous  influ- 
ences. .Many  of  these  nervous  inHueiices  appear  to  ii«ue  from 
the  spinal  cord,  either  as  parts  of  a  reflex  act.  or  as  tlie  out- 
come of  some  automatic  processes.  In  man.  extensive  injuries 
to  tite  s|iinal  cord  are  followed  by  bed  sores  and  other  results 
of  impaired  nutrition ;  and  indeed  death  is  generally  brought 
about  in  this  way,  in  caste's  of  paruplegia  caused  by  accidental 
crusliiui;  or  Hevi-rance  of  the  cord. 

§  466.  Inkifiition  of  Rtfitx  Action.  I'he  reflex  actioiia  of 
the  spinal  cord,  like  other  nervous  notions,  may  be  totally  or 
partially  inhibited,  that  is  tn  say  may  be  arrested  or  hindered 
in  their  development  by  impulses  reaching  the  centre  while  it 
is  already  in  action.  Thus  if  the  body  of  a  decapilated  snake 
\>v  allowed  to  hang  down,  slow  rhj*thmic  pendulous  move- 
ments, which  appear  to  be  reflex  in  nature.  so<^iu  muliv  their 
appearance,  an<i  tbesu  may  be  for  a  while  arrested  by  slight 
atimtdntion,  as  by  gently  stroking  the  tail.  We  have  already 
seen  that  ihe  action  of  such  nervous  centres  as  the  respiratory 
and  vaso-motor  centres,  which  freipienlly  at  all  events  in  of 
a  rt'Uex  nature,  may  Ite  either  inhibited  or  augmented  by  affer- 
ent impulses.  The  micturition  centre  in  the  mammal,  which  is 
also  largely  a  reflex  centre,  may  be  easily  inhibited  by  impidses 
jiossiug  <l<>wtiward  to  the  lumbar  cord  from  the  bmui.  or 
upward  along  the  sciatic  nerves.  In  the  ciiso  of  dogs,  whoM 
itpinal  cord  has  been  divided  in  the  thonicic  region,  micturition 
set  up  ti»  a  retlex  aot  by  simple  jiressure  on  the  nlxlomcn  or  by 
HiM>nging  the  anus,  is  at  ttnce  stop]>ed  by  sharply  pinching  the 
Skin  of  the  leg.  .<\nd  it  is  a  matter  of  common  experience  that 
in  mat!  mieturition  may  be  suddenly  checked  bv  an  emotion  or 
other  cerebral  event.  The  erection  centre  in  tte  lumbar  cord, 
also  in  large  measure  a  reQex  centre,  is  similarly  susceptible  of 
being  inhibited  by  impulses  reaching  it  from  various  sourcva. 
And  indi'ed  many  similar  inslamei  of  the  inhibition  of  reflex 
movements  might  readily  be  qinjieil. 
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Suveral  apparent  iiistaiioes  of  Uie  inliihilion  of  reflex  act« 
are  nut  really  mioh :  in  thent!  cnaett  all  llie  nervotiR  prooesRes  of 
the  act  niay  take  place  in  their  entirety  and  yet  fail  to  produce 
thoir  effect  on  account  of  a  failure  in  the  uiustular  part  of  the 
act.  Thus  when  wc  ournflvi'S  by  au  effort  of  th«  will  stop 
the  rollcx  movfuiuntu  which  olhi*rwise  woidil  be  ]iriHlui-fd  by 
tickliu}^  tliv  is<ileH  (■[  the  feet,  wu  achievu  this  t<>  ii  lurf^v  i-xtvnt 
by  throwing  voluntarily  inlfl  action  certain  museles,  the  con- 
tmctionti  of  which  antagonize  the  action  of  the  nmRcleit  engaged 
in  (^arryinp  out  the  refle\  movements.  Itiit  it  may  be  doubU-d 
even  in  tlie«6  cases,  whether  inhibition  is  always  or  wholly  to 
be  explaiiieil  iu  this  way ;  and  certainly  in  very  nmiiy  instances 
of  rellcx  inhibition,  no  such  muscular  antiigonism  is  present. 
Bud  the  reflex  act  is  clieekvd  ut  il»  nurvuus  centre. 

When  the  brain  of  a  frog  in  removed,  and  the  effects  of 
shock  have  paswed  away,  reflex  actions  are  developed  much 
more  readily  and  to  a  much  greater  degree  than  in  the  entire 
animal,  and  in  mammals  also  retiex  excitability  has  been  ob- 
served to  lie  inereaHcd  by  removal  of  the  cerebral  heinisphei-es. 
This  suggests  the  iilea  that  in  the  intact  nervous  system  the 
brain  is  habitually  exerting  some  influence  on  the  spinal  cord 
tending  to  prevent  the  normal  development  of  the  spinal  reflux 
actiouti.  jVnd  we  lettrn  by  experiment  that  stimulation  of 
certain  parts  of  the  brain  has  a  remarkable  effect  on  ntflex 
action.  If  a  frog,  from  which  the  cerobr.il  hemispheres  have 
been  removed  (the  ojitic  lobes,  bulb  and  spinal  cord  being  left 
intact),  be  siwpended  by  the  jaw.  and  the  toes  of  the  jren- 
dent  legs  be  from  time  to  time  dippetl  into  very  dilute  stdphuric 
acid,  a  certain  average  time  will  be  found  to  elapse  between 
the  dipping  of  thu  toe  and  the  n^'SuUing  withdrawal  uf  the 
foot.  If,  however,  the  optic  iobex  or  optio  llialHini  be  sltniu- 
latcd,  as  by  putting  a  crystal  of  scKltum  chloride  on  them,  it 
will  l»e  found  on  repeating  the  experiment  while  these  .itrtict- 
ure8  are  still  under  the  influence  of  the  stimulation,  that  the 
time  intervening  between  the  action  of  the  acid  on  tlie  toe  and 
the  withdrawal  of  the  foot  is  very  much  prolonged.  That  is 
to  say.  tJie  stimulation  of  the  optie  lobes  lias  caused  impulses 
to  descend  to  the  cord,  which  Imve  there  so  int*rfered  witli  the 
nervous  processes  engaged  in  carrying  out  reflex  actions  as 
greatly  tt»  i-etard  ihe  generation  of  efferent  impuUeti,  or  in 
Other  words,  lias  inhibited  the  reflex  action  of  the  cord.  And 
similar  results  may  be  obtained  in  mammals  by  stimulating 
certain  parts  of  the  corpora  q  uadrigcmina,  which  bwlies  are 
homologous  to  the  optic  lobes  of  frogs.  From  Ihts  it  has  been 
inferred  that  there  is  present  in  this  part  of  the  brain  a  special 
mechanism  for  itihibitiiig  the  retiex  actions  of  the  spinal  cord, 
the  impulses  descending  from  tins  mechanism  U>  the  variou.t 
oentlfiS  of  reflex  action  being  of  a  8]H;cihc  inhibitory  nature. 


CnAP.  I.]  THE  SriNAL  CORD.  709 

But.  as  wo  ti]tv«  nireiitly  seen,  iiii[)ii]sei(  of  nn  onliiiary  kind, 
pUMiiig  along  oriiiniiry  senxory  in>rv«*,  may  iriliiiiit  reflex 
action.  Wo  Imve  qiioleil  inatanceH  where  a  nliglit  sttmti- 
hi8.  as  ill  the  peiidiiloiw  movenn-'iits  of  the  snake,  and  where 
a  stronger  stimitlus  as  in  thi>  cose  of  tlie  micturition  of  the 
flog,  may  ])ro<luoe  an  inhibitory  riMult ;  wu  may  sdd  that  in 
the  frog  advqiiatvly  atrong  stiniiili  ajiplii-d  to  any  nfFfn-iit 
iM!rv«  will  inhibit,  i.e.  will  retiiid  or  «v*n  wholly  prevent 
reflex  lu-tion.  If  the  toes  of  one  leg  are  dipped  into  dilute 
xulplinrii-  aciil  at  a  time  when  the  wiatic  of  thi'  other  leg  i* 
l«-iiig  powerfully  »<tinuilftt«d  with  an  interruptetl  ciin-enl  the 
pt^rimi  nf  incniiation  of  the  i-eflfx  act  will  be  found  to  1m?  much 
prolonged,  and  in  some  cases  the  retk-x  withdrawal  of  the  foot 
will  not  take  [)lncv  at  all.  And  this  holds  good,  not  only  in 
the  complete  alweni'^,-  of  the  optie  lobes  and  linlh,  but  also 
when  only  a  portion  of  the  Hpinal  cord.  Bullicient  to  earry  out 
the  reflex  ailion  in  the  usual  way.  is  left.  There  can  be  no 
queittioii  h«re  of  any  sjieeilic  inluoitorj'  centres,  sueh  a.t  have 
been  suppaied  to  exist  in  the  optic  UjIk's.  But  if  it  is  dear  that 
inhibition  of  nrtlex  action  may  l)e  brought  about  iiy  iinjitdses 
which  are  not  in  themnclvcs  of  a  s]>ecitie  inhihitory  nature. 
WB  may  hesitate  to  accept  the  view  that  a  siwcial  inhibitory 
mechanism  in  the  sense  of  one  giving  rise  to  nothing  but  in- 
hibitory impulses  is  present  in  the  optie  lol>e»  of  frogs,  and 
after  removal  of  the  bntin  thiit  the  exaltation  of  reflex  aetiona 
which  iM  niaiiife.Kt  in  due  to  the  withdrawal  of  such  n  )ti)eciHc 
tnhiiiitory  iiieelianiHin. 

§  467.  T/ie  Time  required  for  Refiex  Action:  When  one 
evelid  is  stimulated  with  a  shaqi  ideclrical  shock.  Iwjth  evclida 
blink.  Uenw.  if  the  length  of  time  inter%-ening  lictwcen  the 
stimulation  of  the  right  eyelid  and  tlH-  movement  of  the  left 
eyelid  Iw  mejitiurcd,  this  will  give  the  total  time  re<|uired  for 
the  various  processes  wlueh  inaki;  U]i  a  retlex  action.  It  liM 
been  fomul  to  W  from  -OfiGS  to  -O-ITS  neo.  Dedueting  from 
these  Kgurett  the  time  required  for  the  jiassage  of  afferent  and 
efferent  impulses  along  the  fifth  and  facial  nerves  to  and  from 
the  bulh.  and  for  the  latent  perio<l  of  the  contraction  of  the 
orbiscularis  muscle,  there  would  remain  ■O.'i.To  to  'IMjl  sec.  for 
the  time  consumed  in  the  central  operations  of  the  reflex  act. 
The  calculutions,  however,  neeesstiry  for  this  redoetioii,  it  nuvd 
not  be  said,  are  opeu  to  sources  of  error;  moreiiver  the  reflex 
act  in  qiivKtion  is  earrind  out  by  (lie  bulb  and  not  by  the  apinol 
cord  proper.  Blinking  thus  prwlufwd  is  a  reflex  art  of  ibe 
very  simplest  kind ;  but  as  we  have  seen  in  the  preceding 
pages,  refiex  acts  differ  very  widely  in  nature  and  cliaracter: 
aiul  wu  accordingly  tin<l.  ns  Indeed  wv  luivv  incidentally  men- 
tioned, that  the  time  taken  up  by  a  reflex  movement  varies 
verj-  largely.     Thin  iudecd.  is  wwd  in  bliuking  itself.     When 
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the  blinking  is  oau-ted  not  by  an  electric  shock  appltetl  Lo  the 
eyelid,  bat  by  a  tIaHh  of  liglit  falling  on  the  retimi.  in  whirh 
case  complex  visual  processes  are  involvetl,  tlio  time  is  dis- 
tinctly prolonged :  mort-over  the  results  in  different  experi- 
ments iu  wliiili  lifiht  servos  as  the  stimulus  iire  not  nciirly  so 
imiforui  !ii4  wliL-u  t)it>  blinking;  is  cnused  by  uliinulnlion  of  the 
«y«lid.  In  the  "  knee-jurk  "  the  time  is  very  short,  it  may  Iw 
not  more  than  -03  sec'.;  thiK  in  one  of  the  reasons  which  Law 
leil  some  to  regard  the  act  as  not  truly  a  redex  one. 

In  general  it  may  be  said  that  the  time  required  for  any 
rellex  act  varies  very  coiisiderablv  with  the  strength  of  the 
stimulus  employed,  beinn  less  for  tlie  stronger  stimuli ;  this  we 
should  expect,  seeing  th;tt  the  efferent  impulses  of  the  retlex  act 
are  not  simply  afferent  imptil»es  transmitted  through  the  central 
orgun,  but  result  from  iulenial  cluiiiges  iu  the.  central  organ 
started  by  the  afferent  impnlse  or  impulses  ;  and  tbe*H;  inleriiHl 
chnnges  «'ill  luiturally  be  more  intense  and  more  rapidly  effected 
when  ihe  afferent  impulses  are  strong.  It  is  stated  that  when 
the  movement  induced  is  on  the  same  side  of  the  liody  as  the 
surface  stimulation  of  which  starts  the  act,  tlic  time  taken  up 
in  leas  than  when  the  movement  is  on  the  other  side  of  the  body, 
allowance  being  nntde  for  tlie  length  of  central  nervous  matter 
involved  in  the  two  cosen  ;  that  is  to  say  the  cenind  ojK-ratioDS 
of  a  reflex  act  are  propagated  more  rapitily  along  the  cord  than 
across  liie  cord.  The  rapidity  of  the  act  varies  of  course  with 
the  condition  of  the  spinal  cord,  the  art  Iwing  greatly  ])ro!onged 
when  iJie  cord  becomes  exhausted  ;  and  a  similar  delay  has  been 
observed  in  eases  of  disease.  The  time  thiui  occupied  by  purely 
reflex  actions  must  not  be  confounded  with  the  interval  required 
when  the  ehnnges  taking  pluee  in  the  central  nervous  system 
are  of  a  more  complicated  nature,  and  more  or  less  distinctly 
involve  mental  uperalioiia ;  of  the  latter  we  sliall  speuk  later 
on. 


SBa   4. 


THE   AUTOMATIC  ACTIONS   OF  THE   SPINAL 
CORD. 


§  468,  We  speak  of  an  action  of  an  organ  or  of  a  livine  body 
as  bc-int;  finoutant-'otin  or  automatic  when  it  appears  to  be  not 
immFtiiatvly  (hit-  to  iiiiy  cbniijjfs  in  tlic  circ'UiiiDt«nci-«  in  wliieb 
thv  orf^in  or  Ixjdy  is  jilnoed,  but  lo  Tm  tin;  rosull  of  iliiitifji'M 
nrlKili^  in  ibt;  iH'^mii  iir  Imtlv  itnt'lf  Hnil  <lpt<;riiuiieil  by  t'niisi-Jt 
othorlhnii  l)ie  inttiieiine.s  of  ibe  riTc'iim»tan<!e»  of  ibe  nionu-iil. 
Some  aiitoiiintir.  actions  art!  of  a  rontimied  character :  otheni, 
like  tlie  l>cat  of  the  heart,  are  rejveated  in  regular  rhvthm  :  but 
the  most  striking  automatic  actions  of  the  living  body,  thom 
which  we  attribute  to  the  workinsj  of  tlic  will  and  which  we 
cidl  voluntary  or  volitional,  are  chiinK'terinfd  by  ibi'lr  ujijiun-nt 
irregularity  and  vnriableiicits.  Such  variable  automatic  actions 
form  the  most  striking  features  of  an  intact  nervous  »vitt<-m,  but 
are  ronsjiicuoiiHly  absent  from  a  spinal  cord  when  the  bmin  has 
been  removed. 

A  brainless  frog  placed  in  a  condition  of  oomptete  equilib* 
rium  in  whicli  no  stimithls  is  brought  to  W^ar  on  it,  protected 
for  instance  from  sudden  passing  chungt^s  in  IvinpcniturL-,  from 
a  too  rapid  cvujKiration  by  the  skin  and  the  like,  remains  jicr- 
fectly  motionless  luitil  it  dies.  Such  ajipaiently  !>i>onuneou8 
moven)<;nt»  as  are  oocasiontUIy  witnemed  are  so  few  and  setdoin. 
that  we  can  hardly  do  otherwise  than  attribute  them  to  some 
stimnlus.  internal  or  external,  which  haa  escaped  observation. 
In  the  mammal  (dog)  after  division  of  the  spinal  cord  in  the 
dorsal  region  regular  and  apparently  si>ontaneous  movements 
may  be  obscrvt^i  in  the  parts  govcnicd  by  the  lumbar  c<)ni. 
Wlien  the  animal  has  thoroughly  recovered  from  the  operation 
the  hind  limlm  rarely  remain  quiet  for  any  long  [>eriod;  they 
move  resUesaly  in  variotis  ways ;  and  when  the  animal  is  sus- 
pended by  the  upper  part  of  the  t>oily,  the  pendent  hind  limbs 
are  continually  lieing  drawn  up  and  let  down  again  with  » 
monotonous  rhythmic  regularity,  suggestive  of  automatic  rhyth- 
mic discharges  from  the  central  mechanisms  of  the  cord.  In 
the  newly  born  mammal  too,  after  removal  of  the  bruin,  move- 
ments apparently  s]K)nUmeous  in  nature  are  frequently  olMcrved. 

Ill 
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IJtit  ail  these  movemenUi.  even  when  moRt  highly  develope<l, 
are  very  different  from  the  movements,  irregular  anil  variahle 
in  their  occunx'nte  tiiougli  ordcrij-  and  purposeful  in  their  char- 
actt-r.  which  wu  rwugiiize  as  iHstiniitly  vohintary.  Even  admit- 
tin)7  that  soinu  of  t)ie  iiinvvDJenls  of  the  hruiuh-ss  niamnial  ni»y 
reseinble  vuluiitary  nmveineiitrt  in  mo  fiii-  iis  ihtty  nn:  ihi«  to 
ohunges  tnking  place  in  the  spiuiil  conl  itHflf  indept-ridoni  of 
tliG  immediate  intliieni'e  of  nny  stimiiln».  we  are  not  thereby 
justified  in  speakinj?  of  the  8|)inal  cord  as  developing  a  will  in 
the  sense  that  we  attribute  a  will  to  the  brain. 

§  469.  In  the  case  of  the  bi-at  of  the  heart,  the  automatic 
rhythmic  discliitr^e  of  eni-rt^y  iip|jc«rs  to  Ijc  Kxchisively  the  out- 
come of  tliL*  mok'euhir  iiutrilivL'  chanties  tiikin;^  place  in  the 
cariiiiic  siibstinHto.  Tlie  Iwiit  may  be  iiiiiilili>?il,  11.1  we  have  swn. 
by  nervous  impulHe^  reiieliiuj,'  ihe  cardiac  .siibslance  along  ecr- 
tain  nerves ;  but  the  actual  existence  of  the  heat  i»  wholly  inde* 
pendent  of  theiie  extraneous  intlupnces ;  the  rhythniie  disohar);« 
continues  when  they  are  entirely  absent.  The  antmnatic  rhyth- 
mic discharjre  of  respiratory  impulses  from  the  respiratory  cen- 
tre is  also  dependent  on  the  intrinsic  molc<!uliir  changes  of  the 
ccntrg,  these  bcius;.  as  we  have  seen,  larjicly  dclermincrl  by  tli« 
chnracter  of  the  bluud  streaming  tlin)u<rh  it ;  but  in  thiK  aua 
extrinsic  nervmix  impulses,  rtrHchiuj;  tlie  centre  ttlotig  the  vagos 
and  other  nerve:<,  play  a,  mnub  more.  inipoHant  part  than  do 
similar  impulses  in  the  case  of  the  heart.  Tliey  at't  so  continu- 
ally on  llie  centre  and  enter  so  largely  into  its  working,  that 
we  are  compelled  to  regard  the  activity  of  the  centre  as  fed.  if 
wc  may  use  the  word,  not  only  by  the  intrinsic  molecular  nutri- 
tive prucess(!8  of  the  centre  itself,  but  also  by  tlic  extrinsic  nwr- 
vous  influencc4i  which  flo»v  intJi  the  centre  from  without.  The 
automatism  of  tiie  spinal  iHjrd  as  a  whole  resembles,  in  Ihiii 
iLspei:l,  that  of  llie  respiratory  centre  rather  than  that  nf  the 
hKtrt.  It  ha.4  for  it^t  hitsi.s  doubt le.«i«  the  intrinsic  molecular 
changes  of  the  grey  matter;  the  meUibolie  events  of  this  suit- 
stant^e  are  so  ordered  as  to  give  rise  to  discharges  of  energy : 
but  the  discharge  apjK-ars  to  be  also  intimately  dependent  on  the 
inflow  into  the  grey  matter  of  afferent  iuipulsi^s  and  influeiices. 
Tiic  normal  discharge  of  efferent  impulses  from  the  eonl  uu- 
douhtciUy  takes  place  uinler  the  infiucnee  nf  these  incoming 
impulses ;  and  it  may  Imj  doubted  whether  the  grey  matter  of 
the  crin-il  would  be  iihle.  in  the  absence  of  all  afferent  impulses, 
to  generate  any  stislaine<l  series  of  discharges  out  of  ita  merely 
nutritive  intrin.sic  changes.  The  automatic  activity  of  the  coril 
is  fed  not  only  fjy  intrinsic  nutritive  events,  but  also  by  «xlrin- 
BJc  influences. 

In  this  feature  we  may.  moreover,  find  {xirhaps  the  reagum 
why  tiie  automatic  activity  of  the  spinal  coril  is  so  limited,  as 
compared  with  that  of  the  bruin.     In  spite  of  certain  ittriking 
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but  Hiiperlicml  character!*  of  wliioh  we  fihiill  speak  later  on,  the 
Krey  mnitor  of  tho  brain  present*  no  histological  fcoturci<  so 
dift'tTcut  from  ihosu  of  tlii>  grey  nmtter  of  the  coixi,  as  to  justify 
us  in  coni-liidin^  (lint  tht.-  oiiu  JK  capable  iiml  tlif  othi*r  incaiiublu 
of  ili'vcldpiiifi  the  imimlsi-s,  whi(^:h  we  cull  volitional,  out  of  lli« 
iiidWouhii-  nntritive  clmiigv:*  of  il^*  unlwtam-v.  We  «n?,  there- 
fine,  led  to  tht!  cnntTliution  that  th«  fuller  antoniatic  activity  of 
the  brain  is  due  to  the  intrinsic  ohangea  of  its  substance  heiuff 
8D  much  moi-e  largely  assisted  by  the  influs  of  various  afferent 
impulses  and  influences,  notably  thosu  of  tho  sjit'cial  semws.  To 
this  (jucKtiori.  howcvt-r.  wc  shall  hav«  to  rt-tuiu  hitiT  on. 

§  470.  lu  treating  of  the  vascular  syslviii  \vc  «iiiv  that  the 
rt'iitnil  nervoiw  system  exerciwfl  thntngh  the  v;i»o-niotor  nerves 
Kucli  an  influence  on  the  inuM-ulur  owls  of  the  bloml  ves^U  as  to 
luaiiitaiii.  what  we  spoke  of  as  •  lone."  section  of  vaso-constrictor 
'  fibres  leading  to  "  !i>ss  of  lone."  We  Siiw  further,  that  arterial 
tone,  though  normally  deiwndent  on  the  general  vaso-raotor 
centre  in  the  bulb,  could  bo  kept  up  by  the  cord  itself,  that  for 
instance  a  tone  of  the  blood  vckkcIs  of  the  hind  limbs  could  iw 
maintained  by  the  isolated  dorso-lumbar  cord.  This  muintii- 
iianoe  of  arterial  tone  may  be  spoken  of  as  one  of  the  "uuto- 
mstie"  functions  of  the  spinal  oord.  We  have  also  seen  that 
plain  mtiHciilar  libre^  other  than  those  of  the  arterites,  notably 
the  fibres  forming  sphinctei-s,  such  as  the  cardiac  and  pylorio 
sphincters  of  the  stomach,  the  sphincter  of  the  bladder,  and 
esjiecially  the  sphincter  of  the  anus,  also  possess  lone,  and  that 
the  tone  of  these  sphincters  is  also  dependent  on  the  spiuiil  cordt 
or  on  Home  part  of  the  ccntrnl  nervous  system.  AVe  nwd  not 
re[K*ut  the  dix>ens«ions  eoiiceriiing  these  meelianisms  and  other 
itistuiiee-s  of  the  sjiiiml  cord  exereising  lui  autniuatic  intliienee 
over  variou.t  visei-ra ;  we  have  referred  to  ihem  here,  since  they 
serve  as  an  introduction  to  a  question  which  has  been  much  de- 
bated, and  which  has  many  collateral  and  important  bearings, 
namely  the  question  whether  the  spinal  cord  exercises  an  auto- 
malic  function  in  maintaining  a  tone  of  tho  skeletal  musclca. 

The  ijuestion  is  not  one  wliieli,  like  the  ease  of  arterial  tone 
ean  be  settled  off  hand  by  a  simple  ex]H'riuient.  Most  oltservem 
agree  that  ihe  neetion  of  a  motor  nerve  flm^s  not  |>ro(hice  any 
elearly  nx-ognimb1e  immediate  lengthening  of  a  muscle  supplied 
by  the  nerve,  in  the  ttame  way  that  section  of  a  vaso-eonstrictiir 
nerve  undoubtedly  gives  rise  tn  a  relaxation  of  the  mnsenlar 
fibres  in  the  arteries  governed  by  it ;  and  it  hiut  bocn  inferred 
from  this  that  skelutnl  tone  does  not  exist.  Uut  there  are  sev- 
eral fauts  to  1r-  taken  into  consideration  bcforv  we  can  eome  to 
A  just  decision. 

The  skeletal  muscles  have  Iwen  de»cril»e«l  M  being  placed  "on 
the  stn-tch"  in  the  living  hiMly.  If  a  muscle  he  cut  away  from 
its  attachmenta  at  each  end,  it  shortens  ;  if  it  be  out  across,  it 
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gapes.  In  other  worda,  the  muscle  in  the  living  body  possesses 
a  latent  tendency  to  shorten,  which  is  continually  being  counter- 
acted by  its  disijosition  and  utt»chmi-ntH.  In  irtudying  muscular 
contraction  we  aaw  (§  81)  that  thu  »liortcnini;  of  a  contraption 
18  followed  by  a  n-Iaxation  or  return  to  tint  fonnvr  loiigth.  botn 
tlw  conti-actiuii  and  rt-Iaxalidii  l«;iiig  the  rwiiit  of  nioteculikr 
fthnngfis  in  the  living  nin!«;nlnr  snbstance.  We  hax-e  now  to 
extend  our  view  and  to  recognize  that,  apart  from  the  occur- 
rence of  ordinary  contractions,  molecular  changeR  are  by 
means  of  nutritivB  proceascs  c«nf  iiuially  going  on  in  the  muscle 
in  such  II  way  that  the  nmsclo,  tbou;{b  continually  on  the  stretch, 
docs  not  pcniiaiivntly  k'nt,'tlicii,  but  retains  the  power  to  shorten 
upon  removal  oi-  lesNcniuji  of  the  Ntrclch,  and  coiivt-rsrly  though 
possessing  tlii.-*  power  of  sliiirteiiing  penniu  ilself  to  lengthen 
when  the  stretvh  in  increa.'ted.  In  ibi.s  way  the  mnsele  is  able 
to  accommodate  itself  to  variations  in  the  amount  of  stretch  to 
which  it  is  from  time  to  time  subjected.  When  a  flexor  muscle 
for  instance  contracts,  the  antagoiiLitic  extensor  muscle  is  put  on 
an  increased  stretch  and  is  correspondingly  Icnf^hened;  when 
the  contraction  of  the  tlcxor  piisscs  off  the  extensor  returns  to 
its  previous  length  ;  and  so  in  other  instances.  Thus  by  virtue 
of  certain  changes  within  iCtelf  a  ninselo  inaintsina  what  may 
be  called  its  luitural  length  in  the  body,  always  returning  to 
that  natural  length  both  after  being  shortened  and  after  Iteing 
stretched.  In  this  the  muscle  does  no  more  than  do  the  other 
tissues  of  the  body  which,  within  limits,  retain  their  natural 
form  under  the  varied  stress  and  strain  of  life ;  but  the  prop- 
erty is  conspicuotis  in  the  muscle;  and  its  cflfccts  in  skeletal 
muscles  correspond  so  closely  to  those  of  arterial  tone,  that  wo 
may  venture  to  Ki>eak  of  it  as  Mkeletnl  lone.  Indeed,  the  molec- 
ular changes  at  the  bottom  of  both  are  piobably  the  siune. 

These  changes  are  an  expression  of  the  life  of  the  miixcle; 
thev  disappear  when  the  musile  dies  and  enters  into  rigor  mortis; 
and  moreover,  during  life  they  vary  in  intensity  so  that  the 
■  tone '  varies  in  amount  according  to  the  nutritive  changes 
going  on.  Vi'v  have  seen  reason  to  believe  that  the  nutrition  of 
a  muscle  as  of  other  tissues  ts  governed  in  some  way  by  the 
central  iiervou»  .syst«m.  We  siiw.  in  treating  of  muscle  and 
nerve  C§  7^).  that  the  irrit.ilnlity  of  a  muscle  is  markwUy 
affected  by  the  soctiou  of  its  nerve,  i.r.  by  severance  from  the 
central  nervous  system;  and  again  (§  439)  in  speaking  of  the 
so-cflUed  trophic  action  of  the  nervous  system,  n-e  referred  to 
changes  in  the  nutrition  of  muscles  occasioned  by  diseases  of 
the  nervous  system.  And  experience,  especially  clinical  experi- 
ence, shews  that  the  nutritive  changes  which  determiue  tone  are 
very  closely  dei^ndenl  on  a  due  actiou  of  the  central  nervous 
itystem.  When  we  handle  the  lindj  of  u  healthy  man,  we  ttud 
that  it  o£Cer8  a  certain  amount  of  resistance  to  passive  move- 
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monts.  Tliiit  re)*ist:utoe.  which  i.4  qiiit«  iiKtppen<lent  of,  that  is 
to  my,  wiiifh  may  be  clearly  repognizeil  in  the  absenre  of  nil 
distinct  immciilar  rontractions  of  volitional  or  other  origin,  in 
an  exuression  of  muscular  tone,  of  the  effort  of  the  VRrious 
muRclcs  to  maintain  thL-ir  'iiaturiil'  Icagtli.  Id  many  cases  of 
disease  this  resistance  is  felt  to  be  obviously  less  thun  noriiinl; 
the  limb  is  8]mk«n  of  us  *>  Uup  "  or  "  tlabby  ";  or  as  havinf;  '  a 
wnnl  of  tone.'  In  other  cases  of  rliseane,  on  tb«  other  liaml. 
this  reiiistanoe  ii*  markedly  increaiteil;  [he  litnb  U  felt  to  t)0  stilT 
or  rigiil;  more  or  less  force  is  needed  to  change  it  from  a  Hexed 
to  an  extended,  or  from  an  extended  to  a  flexed  condition;  and, 
in  the  range  of  dieease.  wo  may  meet  with  very  varying  amounts 
of  increased  resistance,  from  u  condition  which  is  only  slightly 
nimvc  the  normal  to  one  of  exlrvmc  rigidity.  lu  some  cases 
the  uondition  of  the  niiL<ictv  is  such  as  at  first  sight  seemx  much 
more  com{mrable  to  a  iioniiiuicnt  onlinary  contraction  than  to  a 
mere  exaggeration  of  normal  tone;  but  all  intermediale  Klagvs 
are  met  vrith;  and  indeed  these  extreme  cases  may  !«?  taken  an 
indicating  that  the  molecular  processes  which  maintain  what  we 
are  now  calling  tone,  arc  at  bottom,  of  the  same  nature  aa  those 
which  carry  out  a  contraction:  tbcj-  serve  to  shew  the  funda- 
mental identity  of  the  Hkeletal  tone  with  tlio  more  obvioua 
arterial  t«ne. 

Clinical  experience  then  shen's  that  the  cenlnil  nervous 
system  does  exert  on  the  nkeletai  iini.wlw  such  an  inflnem-e  an 
to  give  rise  to  what  we  may  sjxKik  of  as  .«keletal  tone,  changes 
in  the  central  nervous  system.  leading  in  some  cattes  to  diniinu; 
tion  or  loss  of  tone,  in  other  cases  to  exaggeration  of  tone,  mani> 
fested  often  a*i  conspicuous  rigidity.  The  question  whv  the 
changes  take  one  direction  in  one  case  and  anolhor  in  another  ia 
(me  of  great  diflicully  (the  occurn-nee  of  extreme  rigitlity  Wing 
eqx'cially  obscure),  and  cannot  lie  discuiwd  here.  We  have 
called  attention  lo  the  facts  Hini[jly  because  they  shew  the  esist- 
ence  of  skeletal  tone  and  itA  dependence  on  the  central  nervous 
system.  ThiRconclnsioniseontirmed  by  experimenta  on  animals, 
and  these  also  afford  proof  that  in  animals  the  spinal  cord  can 
by  it«elf.  apart  from  tiie  brain,  maintain  the  existence  of  ouch  a 
tone.  In  a  frog,  after  division  of  (he  ccnl  lielow  the  hrain.  the 
limlw  during  the  period  of  shiKrk  an-  flabby  and  toneless;  but 
uftera  while,  as  the  shock  iwissesoff,  tone  n^tnrnslo  tbemust-leo, 
and  the  limbs  offer  when  bandied  a  resistance  like  dial  of  the 
limlis  of  an  entire  frog.  When  the  animal  is  suspended  the 
hind  limhH  do  not  hang  perfectly  limp  and  helpless,  but  assume 
a  definite  position  !  and  that  this  position  is  due  to  some  influ- 
ence proceeding  from  the  spinal  cord  is  shewn  by  dividing  the 
sciatic  nerve  on  one  side;  the  hind  limb  on  that  side  now  hangs 
quite  helpless.  This  more  pendent  position  shews  that  some  of 
tUD  flexors  have  lengthened  in  couscqueuc«  of  tlie  section  of  tho 
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nerve,  and  tliis  tT«iilt  niity  lie  tnknn  iw  refutiiif;  the  arj^uraunt, 
quoted  abuvc,  iif^tin^it  the  t'xtstdii.'e  of  tone,  wliicli  it  baswl  on 
(lie  «t»teiii«nl  lliiit  a  nmscle  oaiiiuit  l>e  obRprved  lo  Ieii^Lli«n 
after  SfCtion  of  i(«  nerve.  It  may  Ite  here  reinarkfid  that  if  the 
hrainless  fmg.  whose  hind  limlis  are  more  or  less  iiemlent  when 
the  body  iR  suspended,  be  jtlact'd  on  its  belly  the  hind  limbs  are 
brought  into  ii  flexed  position  under  the  Iiody  by  means  of 
obvious  museidarcontraetiun;  mid  from  this  it  might  bu  inferred 
ihut  the  uiuinleniiiicu  of  the  posittou  of  the  pendent  limb  wus 
also  the  result  of  a  feeble  coiitraolion.  But  no  obvious  coiitmc. 
tions  eaii  be  observed  in  the  latter  eaite,  as  in  the  former;  and 
when  in  the  former  the  limb  has  onoe  been  brouylit  into  (he 
flexed  position,  tluit  position,  like  the  [>eQdent  position,  ja  main- 
tained without  obvioiLi  eontraetioas.  As  we  said  above  'tone' 
may  pass  into  somethin;;  whieh  appears  to  be  identical  with  a 
contraetioii.  but  where  no  obvious  coiitraetions  are  observed  it 
seems  prcfvrabli;  to  speak  of  the  statu  t^  tbe  muscle  m  one 
of  tone. 

In  the  dog,  after  division  of  the  eord  in  the  thoraeie  region, 
the  hind  limbs  during  the  period  of  shock  are  limp  and  tone- 
less. In  the  warni-lilooded  animal,  as  we  have  said,  the  effects 
of  shock  are  much  more  lasting  than  in  tbe  cold-bltmded  ani- 
mal :  and  in  the  dog  the  tone  of  the  skeletal  muscle  returna 
much  more  slowly  tliuu  in  the  frog.  Indeed  when  the  divisioa 
of  the  eord  hiw  taken  pbiee  low  duwn  tlie  skeletid  lone  returns 
very  (dowly,  unil  ntiiv  lie  manifested  very  feebly,  or  even  be 
ylMent  ultogel her.  Hut  under  favourable  eireumstAuees,  when 
a  snilioient  length  of  cord  has  been  left,  a  fairly  normal  tone  in 
reestablished.  In  man.  in  accordance  with  the  facts  previously 
mentioned  (§  464)  skeletal  tone,  which  has  been  lost  through 
the  continuity  of  the  cord  beiiit;  broken  by  disease  or  accident, 
appears  rarely  if  ever  to  reliirn  fully  in  the  regions  below  ihe 
lesion. 

We  may  therefore  on  the  whole  of  the  evidence  conclude 
that  the  maintennnee  of  skeletal  tone  is  one  of  the  functions 
of  the  eord ;  but  we  may  here  repeat  that  the  enndilion  of  the 
cord,  on  which  ilepends  the  issue  from  the  cord  along  efferent 
nerves  of  the  influences,  whatever  their  nature,  which  prwluce 
tone  in  the  muscle,  may  lie,  and  indeed  is.  in  its  turn  dependent 
on  afferent  impulses.  In  the  case  of  the  frog  quoted  above 
the  tone  of  the  pendent  limbs  disappears  or  is  greatly  lei««coed 
when  the  posterior  roots  of  the  sciatic  nerves  are  divided, 
though  the  anterior  roots  be  left  intact.  In  the  absence  of 
the  u.Huat  sli-eain  of  afferent  impulses  passing  into  it.  tbe  cord 
eea.ses  to  send  forth  the  influences  which  maintain  the  tone. 
Hence  the  maintenance  of  tone  presents  many  nnalogies  with  a 
reflex  action  especially  when  wo  remember  that,  as  stated  above, 
tone  passes  insensibly  into  eoutructiou ;  and  it  may  ouem  a  mere 
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matter  of  words  wheth(>r  we  opeak  of  tho  niftintenance  of  ton« 
as  an  automatic  or  as  a  rellex  action  of  the  coril.  We  may, 
liiiwevcr,  lUstinguiBli  tho  part  played  by  the  affereut  inipulseB 
in  UHsistiii^  llic  cord  to  ii  condition  ill  wbicli  it  is  cupaulu  of 
nmintaiiiiiig  tuiR-  from  the  part  playvd  liy  an  nITcrvnt  linpuliiv 
ill  Ciiii.siti);a  rctlcx  action  ;  in  tlit;  runner  the  action  of  the  alTcr- 
«nt  inipnlsfft  «cpin»  aiialogoiii*  to  that  of  a  supply  of  arterial 
blond  in  maintaining  an  adecjnale  irritability  of  the  nervous 
auluitance.  in  the  latter  the  afferent  im])ulfie8  lead  directly  to  a 
diflchargti  of  cnerg}-.  And  it  is  couveoient  t«  diBtinguish  tJie 
two  things  by  diffcrt-nt  names. 

§  471.  '1  btf  closw  coiinoction  bctwcoii  tone  and  reflex  action 
i»  shewn  by  the  fact  that  »unie  observors  contvnd  that  tho 
*kiie«-jerk' and  itimilar 'teiidon-pheuomcna'  ai'e  not  iinttuucea 
of  reflex  action.  They  maintain  that  the  contraction  of  the 
miiacle  is  an  example  of  the  direct  ntimnlation  of  the  muscle 
by  the  vihrationK  set  up  in  the  tense  tendon  when  it  is  sharply 
struck  or  suddenly  pulled :  and  they  explain  the  de[>emlence 
of  the  act  on  the  spinal  cord  by  attributing  variations  in  the 
rc^jtouse  of  the  inuseLe  to  variations  in  thtt  touu  of  the  muscle, 
the  tone  being  dejicitdcut  on  tJie  spinal  cord. 

5  472.  Di^e-ase  In  man  i-eveaU  other  actions  of  the  spinal 
com  which  bear  features  difft-rent  from  those  of  an  ordinary 
reflex  movement,  and  yet  have  bi?en  described  aa  reflex  in 
nature.  For  instance  certain  affections  of  the  coixi  are  charao. 
tcrized  by  the  legs  becoming  rigid  in  extreme  extension,  the 
rigidity  of  the  straightened  limbs  being  often  so  great,  that 
when  n  b)'staiidcr  lifts  up  one  leg  from  the  bed,  tho  other  leg 
is  raised  ut  the  wune  lime.  The  rigidity  is  due  to  the  extensor 
muscles  being  thrown  into  a  slat^  of  contraction,  which  i»  so 
uniform  and  long  continued  that  it  may  be  spoken  of  as  a 
■•  tonic  "  cnntractinn ;  such  a  tonic  rigidity  may  however  be 
replaced  by  a  series  of  rhythmic  "clonic  "  contmctions.  It  has 
sometimes  been  observed  that  tho  limbs  when  flexed  are  supple 
and  free  from  rigidity,  but  that  rigidity  sets  in  so  soon  as  they 
are  lirought  into  tho  position  of  extension,  the  leg  bccomiug 
suddenly  llxed  and  straight  somewhat  in  the  way  that  a  olasp- 
kiiifu  springs  tmck  wiien  o[^iened.  It  seems  clear  that  tlie  jiecti* 
liar  contraction  is  carried  out  by  means  of  the  sjiinal  cord,  Ixil 
the  whole  action,  though  it  is  often  spoken  of  as  a  'muscle- 
reflex,'  It  very  unlike  an  ordiaarv  reflex  mo%-ement.  In  an 
ordinary  movement  an  extensor  is  \)rought  into  action  whoa  a 
limb  is  flexed,  not  when  it  is  already  extended ;  and  if  in  a 
ii-flex  act  the  oonrUtion  of  the  inuNcle  about  to  lie  tliit>wn  into 
aelion  delermiiies  in  any  way  the  discharge  of  impulses  from 
the  n-Hex  centi'e,  we  should  exjiect  that  the  slivtching  of  an 
extensor  muscle  bv  flexion,  not  its  mlaxation  by  extension, 
would  determine  tne  discharge  of  extensor  impulses.     In  the 
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case  of  the  diseases  in  question  just  the  opposite  seems  to  take 
place  ;  the  poaition  which  appears  to  determine  the  development 
of  the  remarkable  contmction  is  precisely  that  in  which  the 
strain  upon  the  extensors  is  at  its  minimum.  It  may  be  doubted, 
therefore,  whether  the  word  reflex  should  be  used  to  denote 
such  phenomena  *,  but  the  phenomena  themselves  deserve  atten- 
tion, especially  perhaps  as  shewing  how  in  the  disorders  of  the 
grey  matter  of  the  cord  due  to  disease  impulses  or  influences 
which  are  latent  only  in  health  become  actual  and  effective. 

It  remains  for  us  to  speak  of  the  part  played  by  the  spinal 
cord,  as  the  instrument  of  the  bi'ain,  in  the  execution  of  volun- 
tary movements  and  in  the  development  of  conscious  sensations ; 
but  it  will  be  best  to  consider  tliese  matters  in  connection  with 
the  brain  itself,  to  the  study  of  which  we  must  now  titm. 


SEa  1.    ON  THE  PHEKOMENA  EXFTIBITKn  BV  AN 
ANIMAL  DEFKIVED  OF  ITS  CEBEBBAL  HE&tlSPlIEUES. 

§473.  Thk  oert'bral  hemi[*[ih«re8,  iis  we  liave  more  than 
once  insisted,  ht:«iti  in  nL^iid  ai>arL  fi-om  the  vest  of  tlie  brain.  In 
the  case  of  some  siuntals  it  i&  noaflible  to  remove  the  cttrubnil 
hcmispliores  and  to  keep  the  aiiunal  not  only  alive,  but  in  good 
Waltb  for  u  loug  time,  dayti,  weeks  or  even  months  after  the 
operation.  lu  auch  case  we  iire  nWo  to  study  the  behaviour  of 
an  uitiiiinl  poasfsxin^f  no  ccrobiiil  h(.-mi](pbei%s  and  to  i;otnpare  it 
with  thittof  iLikiiiliivt  animal.  Suehanvxpcriineiilis  bL-slcnrriod 
out  on  a.  Svitff.  In  Lbi-<  animal  tt  i»  cnni]ianiiivt;ly  vst^y  to  re- 
move the  ceiebiul  ht^niispht^i-^^,  including  the  partn  coiivMjiond- 
ing  to  the  [loiiiora  Atnata.  leaving  behind  ijitact  and  uninjured 
the  optic  thahtmi  with  the  optic  nerves,  the  optic  lolws  (or  i-ep- 
nsentativea  of  the  corpora  quadiigemiiia),  the  small  cerebellum 
and  the  bulb.  If  the  animal  be  carefully  fed  and  nttvuded  to, 
it  may  be  kvpt  alive  for  a  very  lung  IJiuc.  fur  mure  thau  a  year 
(or  in«t4inci:. 

'ni«  salient  fact  about  a  fro^  lackine  the  cerebnkl  hcmi»- 
pheres,  i.-*  tliat,  as  in  the  case  of  a  ftoji  deprived  of  ita  whole 
Drain,  the  signs  of  the  working  of  an  intelligent  volition  are 
either  wholly  atwent  or  extremely  rare.  The  presence  of  tbt 
bulb  and  the  middle  parta  of  the  brain  (for  so  we  may  con- 
veniently  call  tJie  cei-ebral  structures  lying  between  the  cerebral 
bi-niispheres  and  the  bulb)  ensures  tiR-  healthy  action  of  tbe 
vascular,  respirntoni' and  other  nutritive  systc'ins ;  food  placed 
in  th«  mouth  is  readily  and  easily  swallowed;  tbe  animal  when 
Btimuliiti;(l  executes  variouji  muvvnientA ;  but  if  it  he  left  entirely 
Ui  it«clf,  and  caru  be  uken  to  «hield  it  from  adventitioua  gtimuli, 
either  it  remaimt  jierfeotly  and  jiermanently  quiescent,  or  the 
apparently  sifontaneous  movements  which  it  carries  out  are  so 
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few  and  so  limited  as  to  raise  the  quostion  whctlier  they  can 
fairly  l>e  called  volilional.  Such  a  frug<  fur  instnncv,  after  being 
kept  aiivi;  fur  somv  time  ami  iiiitilu  tu  i-xiiibil  tim  itliL-iioiiieiia  of 
wliii-U  wc  aro  about  to  8in;tLli,  Ills  btwi  [>iiii'«ii  iiii  n.  Uiblo  wJUi  n 
liiiti  drawl)  ill  clialk  ar<iiitid  tli«  areit  covert^d  by  ittt  body,  antt 
left  to  itself  has  snbtteoueiitly  Iteeii  found  dead  witJiout  having 
stirred  outside  the  challied  circle. 

We  must  here  however  repeat  the  caution  kid  down  in 
§  4o7,  as  to  the  ultimate  effect!  of  an  o|)er)Lttou  on  the  centnil 
nervous  system.  The  longer  tht-  frog  is  kujit  alive  and  in  good 
health  after  the  removal  of  the  ocrcbml  hi-uii»[iliL-rvs,  the  greater 
is  tins  ti'iidunoy  for  apparently  spontant^^ous  inovemuiil«  tu  shew 
themselves.  For  days  or  even  we«k»  aft«r  the  opwration  iIkto 
nmy  be  iio  8i^ii.t  whatever  of  the  working  of  any  volition;  hut 
after  the  Uiise  of  niontlia,  inovenieiitA.  previously  absent,  of  such 
a  chai'acter  as  to  suggest  tliat  ihey  ought  to  be  called  voluntary, 
may  make  their  api>earanco.  Still  even  in  tlicir  most  complete 
development  such  movement*)  do  not  absoluttdy  negative  tl>e  view 
that  the  Frog  in  the  absciioo  of  the  cerebral  hvmisphenis  i^  want- 
ing in  what  wc  ordinarily  call  a  '  will.' 

§  474.  Wu  have  seen  thiit  a  fi«B  fuim  wliich  tim  wholo 
brain  has  been  removed  and  the  spinal  cord  alone  left  ap|K.-ars 
simihirly  devoid  of  a 'will;'  but  the  phenomena  pl-e.■^;nl(.•d  by 
a  frog  possessing  the  middle  jiortions  of  the  brain  differ  widely 
from  those  presented  by  a  frog  poHsessing  A  spinal  cord  only. 
We  may  perhaps  broiidiy  describe  the  behaviour  of  a  frog  from 
which  the  cerebnil  hemispheren  only  have  been  removed,  by 
saying  that  ttueh  an  ainmal,  though  exhibiting  no  Kpontancoiia 
movements,  can  by  the  applieation  of  appropnale  stimuli  be 
induoed  to  iierfonn  all  or  nearly  all  the  movements  which  an 
entire  fiiig  is  capable  of  executing.  It  c-in  l)e  made  to  swim,  to 
leajK  and  to  crawl.  Left  to  ittiell  it  a^isumett  what  may  be  called 
the  natural  posture  of  a  frog,  with  the  fore  limbs  erect,  and  the 
hind  limbs  nexed,  no  that  the  line  of  the  body  makes  an  angle 
with  the  surface  on  which  it  is  resting.  When  placed  on  its 
hack,  it  immediately  regains  titis  natural  posture.  When  plncvd 
on  a  board,  it  docs  not  fall  from  liie  Uiiinl  when  the  latter  U 
tilted  up  M'l  as  to  displace  the  animal's  centre  of  gravity:  it 
crawls  up  the  l)oard  nntil  it  gains  a  new  po.-tition  in  whicJk  its 
centre  of  gi-avity  U  restored  to  its  proper  place.  Its  movements 
are  exactly  those  of  an  entire  frog  except  that  they  need  an 
external  stimulus  to  call  thom  forth.  They  differ  moreover  fun- 
damentally from  those  of  an  entire  frog  in  the  following  import- 
ant feature  :  they  inovltably  follow  when  the  iitininlus  is  applied ; 
they  come  to  an  end  when  the  .stimulus  eeoses  to  act-  Uy  con- 
tinually varying  the  ini^lination  of  a  l>oard  on  which  it  is  placed, 
the  frog  may  Iw  made  to  continue  crawling  almost  indelinitely ; 
but  directly  the  board  is  made  to  assume  such  a  position  that 
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tho  body  of  tho  frog  is  m  Lqiiilibriuiu,  the  crawling  cciiscs  :  and 
if  the  position  be  not  <li»turbt;ii  the  uiiiiiinl  will  rumaiii  imjuissivo 
ntul  i|iii(!t  for  itii  almost  tii(l«tiiiice  time.  Wlien  Ihrown  inlo 
water,  tht-  eivntiii'e  U-giMA  at  once  to  itwim  ahniit  in  the  niont 
lejfular  manner,  and  will  continue  to  (twim  until  it  is  exhausted, 
if  there  be  nothing  present  on  which  it  qah  come  to  rest-  If  a 
small  piece  of  wood  be  jilaced  on  the  water  the  frog  will,  when 
it  coniuti  in  contact  witli  thu  wood,  oniwl  upon  it,  and  so  como  to 
rest.  If  diitturbuil  from  ito  tiiiturftl  postui'C,  iis  by  buing  placed 
on  iljt  b^i^^k,  it  inirnvdintely  struggles  to  regain  th»t  i>ostni-o; 
only  bv  the  application  of  continued  force  can  it  l>e  kept  lying 
on  iw  hack.  Such  a  frog,  if  ita  flankn  be  gently  stroked,  will 
croak  ;  and  the  croaks  follow  so  regularly  and  surely  upon  the 
strokes  tliat  the  anininl  may  almost  be  played  ui)on  tike  a  musi- 
cal, or  at  leiist  an  acoustic  inHtniment.  Moreorer,  provided 
tliat  the  optic  nerves  and  ihcir  arrnngcmout^  havo  not  bueu 
injured  by  tho  operation,  the  inovvinciitx  of  the  animal  appear 
to  l>c  induvuced  by  light ;  if  it  be  urged  to  move  in  any  jiarticu- 
lar  dircoliun,  it  seems  in  it«  pnigtvss  to  avoid  olistacU'.",  at  least 
such  a»  cti-^t  a  strong  shadow ;  it  turns  its  course  to  the  right  or 
left  or  sometimes  leajts  over  the  obstacle.  In  fact,  even  to  a 
careful  observer  the  differencea  between  such  a  frog  and  an 
entire  frog  which  was  simply  very  stupid  or  very  inert,  would 
appear  slight  and  uitimpotlant  except  in  this,  that  the  animal 
without  its  eercbrnl  hemispheres  is  oljcdicnt  lo  cvcr^'  stimulus, 
ami  that  each  stimulus  evoVc^  an  iippropnate  movement,  whcreoa 
with  the  entire  animal  it  is  inipiwsililc  to  jirediot  whether  any 
r&sult  at  ail,  and  if  so  what  result,  will  follow  tho  application  of 
this  or  that  stimulus.  Itoth  may  be  regarded  as  machines  ;  but 
the  one  is  a  machine  and  nothing  more,  the  other  is  a  machine 
governed  and  cheeked  by  a  dominant  volition. 

Now  such  movements  as  entwling,  leaping,  snnnuning,  and 
indt'i'ii,  lis  wc  have  atnr.idy  urged,  to  a  greater  or  less  extent, 
all  b(«lily  movement^  are  carried  out  by  means  of  coordinate 
nervous  motor  impulses,  intlueni-ed,  arranges),  and  governed  by 
coincident  sensory  or  afferent  impulses.  Muscular  movements 
are  determined  by  afferent  inflHe:ice.s  proceeding  from  the  mus- 
cles and  constituting  the  foundation  of  the  muflcular  ncnse ;  they 
ar«  alK«i  dirccteil  by  means  of  afferent  impulses  passing  een- 
tri]>etHlly  along  the  scmiory  nerves  of  the  skin,  the  eye.  the 
ear,  and  other  organs.  Indeixrndently  of  the  ]iartictdar  afferent 
impnlscs,  which  acting  M  a  stimulus  call  forth  tlie  movement, 
very  many  other  afferent  impulsea  arc  concerned  in  the  genera- 
tion and  coordination  of  the  resultant  motor  impulsea.  Every 
bodily  movement  such  as  tboise  of  which  we  are  speaking  Lt  tho 
work  of  a  more  or  Itrsa  complieate«l  nervous  mechanism,  in  wliich 
there  are  not  ontv  central  and  efferent,  but  also  afferent  factors. 
Aod,  putting  aside  the  tjucsttou  of  consoicHisnett.  with  which 

46 


722  WITHOUT  CEREBKiVL   HEMISPHERES.     [Rook  in. 


ciecly 


wo  have  liorc  no  occasion  to  deal,  it  is  uvidcnt  that  in  the  frog 
duprivud  of  il»  cerelintl  lienii^phciros  idl  tliuHu  fiiuturs  ant  pres- 
ent, the  afferent  no  less  than  tlie  central  and  the  efferent.  Tho 
machinery  for  all  the  neceaflary  and  iLsual  iioilily  inovviiient«  i» 
present  in  all  its  completeness.  We  may  regard  the  tthare  tliere* 
fore  which  the  ecri-bnil  hcmisphcrea  take  in  executing  the  move* 
rocuta  of  whicJi  thi;  (.-ntiru  imiiual  in  cnpaljle,  us  thiit  of  puttin;; 
thiB  miifhim-ry  into  HCtion  or  of  liniitluj;  its  previous  activity- 
Tlio  relation  wliicli  the  Iiiglier  nervous  chunges  concerned  in 
volition  bear  to  this  machinery  may  lie  compared  to  that  of  a 
t«timittii».  ulways  hearing  in  mind  tliat  the  effect  of  ii  stimulun 
on  a  nervous  centre  may  he  either  to  start  activity,  or  t«  in- 
crease, or  to  curb,  or  to  stop  activity  already  present.  We  might 
almost  speak  of  the  will  as  tin  intrinsic  stmiulus.  Its  opera- 
tions arc  limited  by  the  maoliinery  at  its  command.  We 
may  infer  that  in  the  frog,  the  )i«tioii  of  the  curcbrul  bcmispberea 
iu  giving  sliajie  to  a  bodily  movement  18  that  of  throwing  into 
activity  particular  parts  of  the  nervous  machinery  i^ituatod  in 
the  lower  parts  of  the  brain  nnd  in  tlie  spinal  cord  ;  precisely 
the  same  movement  may  be  initiated  in  the  absence  of  tJie  cere- 
bral homisjjhcrcs  by  applying  such  stimuli  as  shall  tlirow  pre- 
uly  the  same  parts  of  that  machinery  into  tlie  same  actittty. 
\  ery  luarkud  is  the  contmsl  butweun  tbu  bchnviour  of  such 
a  frog  wbicb,  though  deprived  of  its  cerebral  licmispbcrcs,  sttU 
retains  the  other  parts  of  tbo  brain,  and  tbal  of  u  frog  which 

Eossesses  a  spinal  cord  only.  The  latter  wJicn  placed  on  its 
ack  makes  no  attempt  to  regain  its  nonnal  posture ;  in  fact, 
it  may  be  said  to  hav«  completely  lost  its  normal  posture,  for 
even  when  placed  ou  its  belly  it  does  not  stand  with  its  fore 
feet  erect,  us  does  the  other  animal,  but  lies  tlut  on  thu  ground. 
When  thrown  into  water,  instead  of  swimming,  it  sinks  like  a 
lump  of  lead.  When  pinched,  or  otherwise  stimulated,  it  does 
not  crawl  or  leap  forwards;  it  simply  throws  out  its  limbs  in 
various  ways,  n'hen  its  flanks  are  stroked  it  does  not  croak ; 
and  when  a  Imard  on  which  it  is  placed  is  inclined  sufficiently 
to  displace  its  centre  of  gravity  It  makes  no  effort  to  reffain  it« 
balance,  but  falls  off  the  buanl  like  a  lifeless  mass.  Ibottgb. 
as  we  have  seen,  the  various  parts  of  the  spinal  cord  of  tbo  frog 
contain  a  hirgu  aniounl  of  oonrdlnaling  iitachinery,  so  that  llic 
brainless  frog  may,  by  appropriate  slimuli,  be  made  to  execute 
various  purposeful  coordinate  movements,  yet  these  are  very 
limited  compared  with  those  which  can  be  similarly  carried  out 
by  a  frog  possessing  the  middle  nnd  lower  jiarts  of  the  brain  in 
additiou  to  the  spinal  cord.  It  is  evident  that  a  great  deal  of 
the  more  complex  machinery  of  this  kind,  especially  all  that 
whidi  has  to  deal  with  the  body  as  a  whole,  and  all  lliat  wlueb 
\»  concerned  with  (■i|uilibriutii  and  is  specially  governed  by  tho 
higher  senses,  is  seated  not  in  the  spinal  cord  but  iu  the  brain. 
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We  do  not  wish  now  to  ducusa  tho  details  of  thU  mochincrT  i 
all  wo  desin;  to  uittist  u^ion  ut  prescut  is  tlinU  in  llie  iiog  the 
niTvuns  iiiaoiiiiiery  reiniired  for  the  cxeoiitifni,  ««  di(«tiiif^iiiMlied 
from  llie  oHj^iiuition,  tif  bodily  mnvenientit  even  of  the  inoitt 
coniplicAted  kind,  ia  present  after  complete  removal  of  the  cere- 
bral heiuispheret).  tbuugli  t\w»is  niovementa  aw  such  an  to  require 
the  cooperation  of  liiglily  diffcn-ritiatfd  nffcrcnt  impulses, 

§  475.  In  wivrin-bloiided  muiiitds  the  ivniovnl  of  the  vcre- 
brul  hciiiiMpliercH  is  attended  with  iiuicb  greater  difIicultii-»  thuii 
in  cheou.se  of  the  frog.  NevertholesR,  in  the  hinl  the  operation 
may  \>e  earned  out  with  approximate  siu'cess.  I'ipeoiw  for 
instance  have  been  kept  alive  for  five  or  six  weeks  after  com- 
plete removal  tif  the  cerebral  hetoispberes.  with  the  exception 
of  portiotiH  of  the  criirit  und  corporii  striata  tmmediatelv  sur- 
rounding the  optic  thalanii;  tbeiM;  pnrts  were  left  in  order  to 
euHUre  lue  iiitttet  condition  of  the  lutter  bodies. 

When  the  immediate  effects  of  the  opemtion  have  passed 
off,  nnd  for  some  time  afterward.H.  tlie  appearance  and  behaviour 
of  the  bird  are  strikingly  similar  to  rhotie  of  a  bird  exceedingfly 
»leepy  and  stupid.  It  is  able  tn  maintain  wliat  apjiears  to  be 
a  completely  normiil  posture,  an<l  can  balance  itself  on  one  leg, 
after  the  fosliiun  of  n  bird  which  has  iii  a  nattUTiI  way  gone  to 
sleep.  Left  alone  in  perfeut  quiet,  it  will  renmiu  impassive 
and  mutionlesit  for  n  lung  time.  When  vtirred  it  moves,  sliifts 
its  position;  ami  then,  on  l>eing  left  alone,  retnrnx  to  a  uiitural, 
easy  ]>oslnre.  I'iaced  on  its  side  or  its  hack  it  will  rejoin  its 
feet;  thrown  into  the  air,  it  fiies  with  considerable  pi'ecision 
for  some  distance  before  it  returns  to  rest.  It  frequently  tucks 
its  head  under  its  winex.  and  at  times  may  be  seen  to  clean  its 
feathers;  when  its  bctik  is  pluiif^d  into  corn,  it  eiits.  It  may 
be  induced  to  move  not  only  by  ordiniirk'  stimuli  a]i]ilicd  to  the 
skin,  but  also  l>y  su<lden  lotul  sounds,  or  by  Hashes  of  light:  iu 
its  iVight  it  will,  though  imperfectly,  avoid  obstiicK-s,  and  its 
varion.4  movements  appear  to  be  to  a  («r1ain  extent  guide<l  not 
only  by  touch  but  also  by  visual  impressions. 

In  a  certain  numlier  of  cases  this  sleepy,  drowin'  condition 
passes  off  and  is  succeeded  by  a  pbase  in  which  the  bird,  appar- 
ently  spontaneously,  without  the  intervention  of  any  obvious 
i^timulus,  moves  rapidly  about.  It  does  no)  Qy.  that  is  to  say, 
it  does  not  raitte  itself  from  th«  ground  in  (light,  but  \\-idJcs 
alK>ut  incessantly  for  a  long  while  at  a  time,  ijeriods  of  activity 
alternating  with  periods  of  repose.  It  MH-ms.  from  time  to 
time,  to  wake  up  and  move  about,  and  then  to  go  to  sleep 
again;  and  it  lias  been  observed  that  during  the  nigtit  it 
appears  to  be  always  asleep.  It  is  obvious,  therefore,  that  the 
sleepy,  quiescent  cnudition  observed  at  first  ia  not  due  simply 
to  the  absonee  of  the  iiTcbrnI  hemispheres,  but  is  a  temporary 
effect  of  tlie  operation,  ujid  that  s]>ontaueotts  tnuwmeuts,  that 
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is  to  8uy>  moveineiitM  uot  8t4irt«d  by  any  obrioua  etimulua,  may 
ov«ur  >fl«r  rii^iiioval  of  the  c«rebral  Iwmuphvrcs.  Bat  tba] 
movements  »o  witneKsed  ditTei-  from  tboHe  of  an  intact  bird. 
'Viif^y  lira,  it  ia  true,  varied;  and  the  variationx  nn^  in  Mri 
dependent  on  external  circumslanoed,  the  liird  being  gnidfd  by 
tactile,  and.  as  wu  have  said,  visual  senHatioiiH,  or,  to  Iw  more 
exact,  by  imjiressiomi  nittdu  upon  tbe  sensory  nerves  of  the 
skin  and  on  ibu  rutinit;  but  tliuy  do  not  shew  th«  wide  Taria- 
tions  of  vohiiitary  uiovt;muitt».  T)h:  bird  for  instance  never 
flips  up  from  the  ground,  never  BiHMituneousIy  picks  up  com. 
nml  it«t  »imle».s  nionntonoiut,  renlleNs  witlks,  resembling  the  con- 
tinued RWimming  of  the  frog  thrown  into  ttie  water  after  Wing 
deprived  of  its  cerebral  hemispheres,  forcibly  suggest  that  ihe 
activity  is  tlie  out«om«  of  some  intrinsic  impulse  generated  in 
the  nervous  muchitu-ry  in  some  «'»y  or  other,  but  not  by  the 
working  of  u  conscious  int«]ligeucie  us  in  tliu  impulsu  which  we 
cull  iIr!  will. 

Still  we  mtutt  not  shut  our  eyes  to  the  fact  that  Kpontancous 
uioveinents,  whatever  their  exact  nature,  are  manifesleil  by  Ai 
bird  in  the  absence  of  the  cerebral  hemispheres,  and  Iteeoma! 
the  more  striking  the  more  com]>]ete  the  recovery  from  the 

Eassing  effects  of  the  more  operation.  Coidd  such  birds  be 
ept  ^ivo  for  any  considerable  time,  possibly  further  develop- 
ments might  be  witnesstrd,  and  indeed  cases  are  on  record  where 
birds  hitve  Iwen  kept  alive  for  months  after  the  o{)vratioi),  and 
Lave  shewn  spuntaneons  movements  of  a  still  more  varied  ehar-i 
Hitter  thiin  tbose  jniit  described  ;  but  in  such  cases  the  removal ! 
of  the  hemispheres  has  not  been  complete,  portions  of  tlie  ven- 
tral regions  being  left  behind:  and.  though  a  mere  remnant 
left  around  the  optic  tbalami  can  hardly  be  regarded  as  a  sulli- 
cient  cause  for  tlic  spontaneity  of  which  we  are  speaking,  a 
larger  maes,  still  mure  or  less  retaining  its  normal  structure, 
might  have  a  raarkeil  effect.  And  we  may  here  jierhiips  rx'-niark 
that  all  these  facts  seem  to  point  to  the  eoncluHion  that  what 
may  l>e  called  mechanical  spontaneity,  sometimes  spoken  of  aaj 
* nutomatism,'  differs  from  the  spontaneity  of  tlie  'will'  iti 
degree  rather  tlian  in  kind.  Looking  at  the  matter  £roni  a 
purely  physiological  point  of  view  (the  only  one  which  haa  4, 
right  to  bo  em|jloyed  m  these  pages),  the  real  difference  betwceW" 
an  automatiu  act  and  a  voluntary  act  is  that  the  chain  of  phys- 
iological eviMits  between  tlie  act  ami  ita  physiological  cause 
is  in  the  one  ease  lOioi-t  and  simjile,  in  the  other  long  and  com- 
plex. We  have  seen  tliat  a  frog  lacking  it«  cerebral  henii> 
sjilierea,  viewed  from  one  standpoint,  apjiears  in  tbe  light  of 
a  mechanical  apparatus,  on  which  each  change  of  circimistances 
produces  a  direct,  unvarying,  inevitable  effect-  And  yet  it  U 
on  rccont  that  such  a  frog,  if  kept  iiHvc  long  enough  for  tb< 
most  complete  disi>|)pe<irance  of  the  diivct  vffvebs  of  the  upcr»-| 
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tlon,  will  bury  itself  in  the  esrtli  at  the  approach  of  winter, 
and  is  ahlo  to  cnt^^h  and  Kwallow  flies  mid  other  fooil  ooniiitg 
in  it«  neigh  bail  rhnnd,  althniigh  in  nthcr  reiipecUs  it  shewit  no 
MgnH  of  an  intelligent  voliiion,  ajid  answers  with  unerring 
mecluiniciil  certainty  to  (he  play  of  stimuli.  Wo  may  add  tliat 
in  some  fishes  the  removal  of  their  oerehrul  hcmLsjihcres,  wliich 
in  thvflu  aiiimulit  form  n  n*lativ«ly  smiill  part  uf  llie  whole  brain, 
prortuces  exoewlingly  little  changu  in  tlieir  general  behaviour. 

Thftie  however  ai'c  not  the  coiisideratioiLS  on  whieli  we  wi^li 
here  to  dwpU;  we  have  quoted  the  behaviour  of  the  bird 
deprived  of  its  cerebral  hemisphere  niaiidy  to  shew  that  in  this 
warm-hlooded  animal,  as  in  the  more  lowly  cold-blooded  frog, 
the  parts  of  the  brain  below  or  huUind  the  cerebral  hemispheres 
confilitute  n  nervous  maehinery  hy  whieh  all  thu  ordinary  uodilv 
movements  may  be  carried  out.  The  bird,  like  the  f rog,  suf- 
fei'A  no  iianilyxis  when  the  cerebral  homi.-«[>liere4  are  removed; 
on  the  contraiy,  tliough  its  moveiiienti*  h.tve  not  Iteen  studied 
BO  closely  as  those  of  the  frog,  the  bird  without  its  cerebral 
hemispheres  seems  capable  of  executing  at  all  events  all  the 
ordinary  bodily  moTement«  of  a  bird.  And  in  the  bird  as  in 
the  frog,  the  afferent  impulses  passing  into  tlio  central  nervoua 
syittein,  whether  they  give  rise  to  consuiousnotw  or  no,  play  an 
ittiporiiiut  {Kirt  not  only  in  origiiuiling  hut  in  guiding  and 
eoonliuiiting  the  efferent  imptilsex  wluuh  »lir  the  mitseles  to 
contr.irt,  the  coordination  Imiug  effected  partly  in  the  spinal 
con!,  but  largely  and  indeed  chiedy  in  the  parts  of  the  brain 
lying  behind  the  cerebral  hemispheres.  It  is  further  worthy 
of  notice  that  spontaneity  of  movement  of  the  kind  which  we 
bavft  described,  is  mueh  more  prominent  in  the  more  highly 
develo|)ed  binl,  than  iu  the  more  lowly  frog.  The  cereitrul 
hemifpheres  are  not  the  only  part  of  the  central  nervmis  syitlcui 
which  lias  undergone  a  greater  development  in  the  bird ;  the 
other  |kart8  of  the  hrain  have  also  acquired  a  far  greater  com- 
plexity than  in  the  frng. 

§  476.  In  the  mammal  tlie  removal  of  the  cerebral  hemi* 
spores  is  still  more  ditHcult  than  in  the  bird ;  the  animal  cannot 
he  kept  aiivv  for  more  than  a  few  hours;  hut  in  some  mammals 
it  in  possiiile  to  ubiier\'v  during  tho«e  few  hours  phenomena 
kin<lred  U>  X\hkc  witnessed  in  ihe  bird  and  in  the  Irog.  The 
rabbit  or  rat,  from  which  the  whole  of  both  heinisphereit  has 
been  removed  with  tlie  exception  of  the  parttt  imniemately  sur- 
rounding the  optic  thalami,  can  stand,  run  and  leap.  Placed 
on  itii  side  or  back  it  nt  onc«  regains  its  feet.  Left  alone  it 
gonerallv  remains  as  motionless  and  imiMissive  as  a  statue,  save 
now  and  then  when  a  jutssing  impuhte  seems  to  stir  it  t«  a 
sudden  but  brief  movement;  hut  sometimes  it  seems  subject  to 
a  more  continued  impulse  to  move,  in  which  case  death  usually 
followijt  very  speedily,     bueh  «  rabbit  will  remain  for  minutes 


726  WITHOUT  CEKEBEAL  HEMlSrilEHES.     [Book  iii. 

toj^cthcr  utterly  lieedlea*  of  u  carrot  or  cabbage-leaf  placed  just 
before  iU  nose,  though  if  a  morsel  lie  pInit-J  within  ittt  moittli 
it  at  onfe  begins  to  eat.  When  stirred  it  will  with  ease  mui 
Kteadiness  run  or  lean  forward;  and  obstacles  in  its  course  are 
very  frequently.  »vitli  more  or  less  huccbss.  avoided.  !u  some 
cases  the  ciiiimnl  (rat)  1ms  hwu  described  as  following  by  inove- 
meuts  of  the  head  a  bright  light  held  in  front  of  it  (provided 
that  the  optie  nerves  and  tracts  have  not  hwn  injured  durin;^ 
the  openitioii),  as  starting  wlien  a  shrill  and  loud  noi^  is  made 
near  it,  and  as  crying  when  pinched,  often  with  a  long  and 
eeemingly  plaintive  scream.  So  plaintive  ia  the  cry  which  it 
thus  gives  forth  as  to  suggest  to  the  observer  the  existence  of 
passion  ;  this,  however,  is  probably  a  wrong  interpretation  of  a 
vocal  action;  the  cry  appears  plaintive  simply  because,  iu  eon- 
gcqucnce  of  the  oouipletene.«i«  of  the  reflex  nervoas  tnacbinery 
and  the  absence  of  the  nsuitl  restraintn.  it  ia  prolonged. 

Without  insisting  too  much  on  such  results  as  these,  and 
allowing  full  weight  to  the  objection  which  may  be  urged,  that 
in  some  of  these  cases  parts  of  the  cerebral  bemispberes  sur- 
rounding the  optic  thafami  were  left,  there  still  remains  ade- 
quate cvidvnee  to  shew  that  n  inammal  such  eis  n  rabbit,  in  tlie 
some  way  as  a  frog  ami  a  bird,  may  in  the  eompleti;  or  uLl  but 
complete  alwence  of  the  cerebral  hemi)sphcrei<  maintain  a  natural 
poeiture,  free  from  all  signs  of  distiu'bance  of  eipiilibrium.  and 
is  able  to  carry  out  with  success,  at  all  events  all  the  usual  and 
common  bodily  movements.  And  as  in  the  bird  and  frog,  the 
evidence  also  shews  that  thcjie  uiovementa  not  only  may  be 
started  by,  but  in  their  carrying  out  are  guided  by  and  coordi- 
nated by  afferent  impulses  along  afferent  nerves,  including 
those  of  the  special  senses.  Hut  in  the  ease  of  the  rabbit  it  is 
even  still  clean-r  thiiii  in  the  case  of  the  bird  timt  the  effects  of 
these  afferent  impulses  are  different  from  liiose  which  result 
when  the  impulses  gain  access  to  an  intact  brain.  The  move- 
ments of  the  animal  seem  guided  by  impressions  made  on  its 
retina,  as  well  as  ou  other  sensory  nerves;  we  may  perbapB 
speak  of  the  animal  as  the  subject  of  sensations;  but  there  is 
no  satisfactory  eviilence  that  it  possesses  cither  visual  or  other 
perceptions,  or  that  the  sensittions  which  it  exjieriencejf  give 
rise  to  ideas.  Its  avoidance  of  objects  depends  not  so  much  on 
the  form  of  these  as  on  their  interference  with  light.  No  image, 
whether  pleasant  or  terrible,  whether  of  food  or  of  an  enemy, 
produces  an  effect  on  it,  otlier  than  that  of  an  object  reflecting 
more  or  less  light.  And  wc  may  infer  that  it  lacKs  the  posses- 
sion of  ati  intelligent  will.  Hut  it  must  al«-ay8  be  remembered 
that  some  of  the  phenomena  arc  due  to  the  o]ienilion  jiroducing 
other  results  than  the  incrc  absence  of  the  part  removed.  We 
must  I>eAr  in  mind  that  in  all  the  above  experiments  while  the 
positive  phenomena,  the  tilings  which  the  animal  continues  able 
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to  ilo.  arc  of  Rrcat  value,  the  ne^^va  phenomenft.  the  tMnga 
wliicli  ihc  miimnl  oun  no  luii^r  do,  are  uf  much  V-as,  iruk't-d  of 
duubtfiil  viilue.  Tlie  more  aircftilly  und  aucccssfully  llic  fxiwri- 
meiils  are  earned  out.  lli«  niinuwer  becimne  wlint  we  niflv  e»Il 
the  'deticienry  phenomena,'  tlie  phenntiiena  wliicli  are  alone 
and  direutly  due  to  something  having  been  taken  away.  Wei'e 
it  pD&aiblu  to  k«ep  the  rabbit  alive  long  enough  for  the  mero 
effects  of  the  opL-riition  to  pass  completely  awav.  we  should  not 
only  probably  witiivss,  us  tii  the  casts  of  the  bird,  a  greater  scope 
of  nioveineiit  iind  more  frequt-nt  spontaneity,  but  possibly  find 
a  dinUrulty  in  de^teribinf^  the  nxavl  condition  of  ihe  nninial. 

§  477.  Hitherto  must  altenipls  lx>  witness  »!iiiiUr  phenoni- 
ena  in  more  highly  organized  niammaU  8tich  a»  the  dog  have 
failed;  these  animahi  do  not  recover  from  the  njieration  of 
removing  the  whole  of  both  their  hemispheres  sufficiently  to 
euablu  us  to  juilgu  whether  they,  like  the  frog,  the  bird  and 
1\h:  rabbit,  can  carry  out  coordinate  bodily  movements  in  the 
absviicc  of  the  heuii»plierc«,  or  wliethvr  in  tlicm  this  part  of  thu 
hrain.  so  largely  developed,  has  usurped  funotioiis  which  in 
the  lower  animaltt  lielong  to  other  parts.  When  however  in  a 
dog  tlie  cerebral  heiniiiphereA  are  removed  not  all  at  once  hut 
piecemeal  at  several  oi>erations.  the  animal  may  be  kept  alive 
and  in  good  health  for  a  long  time,  many  months  at  least,  even 
aft«r  the  liemiBphcrcs  have  been  reduced  to  a  mere  fragment: 
and  it  is  on  record  that  under  these  circumstances,  the  animal 
18  not  only  able  to  carry  oitt  with  some  limitutions  hiji  ordinary 
bodily  movement*,  but  uIbo  exhihit«  a  spoiilaneity  of  movement 
and  a  varied  responHiveneoa  to  stimuli  auggeHtive,  at  leatft,  of 
the  possession  of  a  conscious  volition.  If  we  can  thus  say  little 
about  the  condition  of  a  dog  without  the  cerebral  hemispheres 
we  can  say  still  less  about  the  monkey,  which  in  all  matters 
touching  the  cerebral  nervous  system  serves  as  our  best,  indeed 
our  only  guide  for  drawing  inferences)  concerning  man;  but  iu 
all  probability  the  monkey  in  tins  re^iieet  hears  aomewhat  the 
same  relation  to  the  dog  that  the  dog  1>earK  to  the  bird.  In 
short,  the  more  we  study  the  phenomena  exhibited  by  animahi 
pOHseasing  a  part  only  of  their  brain,  the  closer  we  are  pushed 
to  the  (^oncluslon  that  no  sharp  line  can  be  drawn  between  voli- 
tion and  the  lack  of  volition,  or  between  the  possession  and 
absence  of  intelligence.  Bctwceu  the  muBcle-ucrvc  preparation 
at  the  one  limit,  and  our  conscious  willing  »clvc»  nt  the  other, 
there  is  a  coutinuoue  gradntton  without  a  break;  we  cannot  fix 
on  any  linear  barrier  in  the  brain  or  in  the  general  nervous 
syatem.  and  say  'beyond  thiH  there  is  volition  and  intelligence 
but  up  to  this  there  is  none." 

This  however  is  not  the  question  with  which  we  are  now 
doaling.  What  wo  want  to  point  out  is  that  in  the  higher 
animuU,  including  at  least  some  mammals,  as  iu  tlie  frog,  after 
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the  removal  of  the  cerebral  hemispheres,  even  though  conscious 
volition  and  intelligence  appear  to  be  largely,  if  not  entirely, 
lost,  the  body  is  still  capable  of  executing  all  the  ordinary 
movements  which  the  animal  in  its  natural  life  is  wont  to  per- 
form, in  spite  of  these  movements  necessitating  the  cooperation 
of  various  afferent  impulses;  and  that  therefore  the  nervous 
machinery  for  the  execution  of  these  movements  lies  in  some 
part  of  the  brain  other  than  the  cerebral  hemispheres.  We 
have  reasons  for  thinking  that  it  is  situated  in  the  structures 
forming  the  middle  and  hind  brain;  as  we  shall  see,  interfer- 
ence with  these  parte  produces  at  once  remarkable  disorders  of 
movement. 


8KC.  2.    THE   MACHINERY  OF  COOKDINATED 
MO\'EMKXTS. 


§  478.  We  may  now  direct  our  Attention  for  a  while  to  som* 
conKidenttinns  concerning  the  nature  of  thia  complex  nervous 
macliineiy  for  the  coordination  of  Imdily  movements,  and  espe- 
natty  concerning  the  part  played  by  afferent  impulses.  Most 
of  our  knowledge  on  tliiit  point  has  been  gained  by  a  study  of 
animals  not  dam-ivod  of,  hut  still  poKsessing  their  ccrehrul  homi- 
sphen-s,  or  by  ucductioiis  from  the  data  of  our  own  expcricnco; 
hut  it  i»  ix>ssibltt  in  mo»t  ca.iei«  to  eliminate  from  the  loul  results 
the  phenomena  which  are  due  to  the  working  of  a  uoiiscioiu 
intelligence. 

L«t  us  first  of  all  turn  aside  to  ourselves  and  examine  the 
coordination  of  the  movements  of  our  own  bouieii.  When  we 
appeal  to  our  own  consciouaDfisa  we  find  that  our  moveroenta 
are  govonied  and  gtiidt-d  by  what  we  may  call  a  sense  of  equi- 
librium, by  an  nppreciulton  of  the  {Kwition  of  our  Ixidy  and  ila 
relations  to  space.  Wht-n  t)ii»t  i«eiise  of  equilihrium  is  disturbed 
wv  say  we  aro  dizzy,  and  wv  then  staler  and  reel,  being  no 
longer  able  to  coorainate  the  movements  of  our  boiliei*  or  to 
adajit  them  to  Ute  position  of  things  around  us.  What  is  the 
origin  of  this  sense  of  equilibrium?  Bv  what  means  are  we 
able  to  appreciate  the  position  of  our  body?  There  can  be  no 
doubt  that  this  appreciation  is  in  large  measure  the  product  of 
visual  and  tactile  sensations ;  wc  rccogiiicc  the  relations  of  our 
body  to  the  thini;^  around  us  iu  great  measure  by  sight  and 
touch;  we  also  learn  much  by  our  nmsculat'  sense.  Hut  there 
is  something  )>esides  these.  Neither  sight  nor  touch  nor  niu.%- 
cular  Hciise  can  help  us  when,  placed  perfectly  fiat  and  at  rest 
on  a  horizontal  rotating  table,  with  the  eyes  shut  and  not  a 
muscle  stirring,  we  attempt  to  determine  whether  or  no  the 
table  and  we  with  it  are  being  moved,  or  to  ascertjiin  liow  much 
it  and  we  arc  turned  to  the  right  or  to  the  left.  Yet  under 
saoh  circumstances  we  are  conscious  of  a  change  in  our  posi- 
tion, and  soma  nfjservers  have  lieen  even  able  to  iNL-it  a  tolerably 
successful  judgment  as  to  the  angle  through  which  tliey  have 

no 
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been  moved.  There  can  bo  no  doubt  that  such  a  judgment  is 
based  upon  the  intarprctjiliou  by  L-uii8i;iuusiiL-.»s  of  iifTurLUt  im- 
pulses which  itri:  dL-pLHidi-iil  uii  Uk-  positiuii  of  the  body,  but 
which  art!  not  affeifiil  ini[>nls<-.-<  hid.tjiging  to  sensations  of  louob 
or  sight,  01'  tiiiitn^  part  in  the  mui^nular  seniie.  It  is  by  help  of 
thv»«  ajiecial  afferent  inipuUes  that  we  are  aware  on  tlie  one 
hand  of  the  poiiition,  of  tlie  relation  to  space,  in  which  our  body 
may  at  one  time  happen  to  be.  standing  upright,  lying  down, 
snii  tlie  Ukf.  and  oti  tW  othci'  hand,  of  the  naturts  and  L-xt«nt 
of  any  change  uf  position  whii-li  our  inuvunients  may  bring 
about.  It  is  by  hvlp  of  the^e  affetvnt  impulst-s  that  wu  are  ablii 
to  coordinate  our  moveniunts  «o  as  to  bring  our  body  into  the 

Sosition  we  de*irij;  and  hence  when  the^te  afffrtjiit  inipnUe^  are 
i.tordered  and  abnormal,  the  coordination  of  our  movements, 
the  maintenance  of  etjuilibrium.  is  imperfect.  Can  we  say  any- 
thing as  to  the  exact  nature  and  origin  of  those  special  afferent 
impulses? 

Wo  Ivnrii  much  in  this  respect  by  studjHng  the  effects  o( 
operative  inlcrference  with  certutn  pitrts  of  the  ititvrnal  var. 
Wlicii  in  a  |>igeon  the  horiKonlal  niciiibi-aiiou:^  semicircular  canal 
in  out  through,  the  bird  is  nltscrved  to  be  continually  moving 
it^  he.'kd  from  side  to  side.  Injury  to  the  bnny  canal  alone  it 
insufficient  to  produce  the  symptoms;  the  membranous  canal 
itself  must  be  divided  or  injured.  If  one  of  the  vertical 
canals  be  cut  through,  the  movements  are  up  and  down. 
The  peculiar  nioveineiits  may  not  be  witnessed  when  the 
bird  is  perfectly  quiet,  but  they  make  their  appearance  when- 
ever it  is  disturbed,  or  attempts  in  any  way  to  stir.  When 
the  injury  is  confined  to  one  canal  only  or  even  to  the 
canals  of  one  side  of  the  head  only,  the  condition  after  a 
while  passes  away:  when  the  canals  of  both  sides  have  been 
divided,  it  becomes  much  exaggerated,  lasts  much  longer,  and  in 
some  cases  is  said  to  remain  permanently.  Aft«r  snch  injuries 
it  is  found  that  these  peculiar  movements  of  the  head  are  asso- 
eiatdl  with  what  appears  to  Ixt  a  great  want  of  coordination  of 
bodily  movemeiils.  If  the  hird  be  thrown  into  the  air,  it  flutters 
and  falls  down  in  a  helpless  and  confused  manner;  it  ap[>enr« 
to  have  lost  the  power  of  orderly  fl'iiht.  If  placed  in  a  balanced 
position,  it  may  remain  for  some  time  quiet,  generally  with  its 
head  in  a  peculiar  posture ;  but  directly  it  is  disturbed,  the 
movements  which  it  attempts  to  execute  are  irregular  and  fall 
short  of  their  purpose.  It  has  great  difficulty  in  picking  up 
food  and  in  drinking ;  and  in  general  its  behaviour  very  much 
resembles  that  of  a  person  whn  is  exceedingly  dht.y. 

It  can  hear  perfectly  well,  and  therefort'  the  symptoms  cannot 
he  regarded  aa  ihe  result  of  any  abnori!ial  auditory  .sensationa, 
such  as  *a  roaring'  in  the  ears.  Besides,  any  such  stimulation 
of  the  auditory  nerve  as  the  result  of  the  section  would  speedily 
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di«  AWAV,  wWrcas  tfiMe  phttnoineDn  tt»y  lut  for  «t  lc«t  a  ytry 
considorablf  Imik!.  The  movements  are  not  occasioned  Vjrany 
partial  [wimlysii.  by  any  wiiiil  of  jinwer  in  particular  mitHcles  or 
ffToup  of  muiiicleii ;  though  removal  of  the  canaU  of  ono  side  has 
been  described  as  leading  to  diminished  muscular  tone,  esneciallr 
on  tliB  same  side  of  t]ie  body,  the  mere  diminution  of  force  la 
iusufficiviit  to  explain  tlii;  phviioniena.  Nor  on  the  other  hand 
«r«  the  movemunt-s  due  lo  any  nncoulrollablo  impubtc;  a  very 
g«n(Je  [ireKHure  of  iho  hand  sntiii^cs  tn  ttiop  the  innvementK  of 
the  head,  ami  the  hand  in  doing  so  exiieriences  no  strain.  The 
assistance  of  a  very  slight  snp]iort  enables  movemenlfi  otherwise 
impossible  or  most  difficult,  to  be  easily  executed.  Thus,  though 
when  left  alone  the  bird  has  great  difficulty  in  drinking  or  nick- 
ing up  corn,  it  will  continue  to  diink  or  vat  with  ease  if  its  oeuk 
bt'  pliiiig(-<l  into  water,  or  into  a  hojip  of  Iwrlcy;  tlic  slight  sup- 
port of  the  water  or  of  the  ^rain  M'tm»  sufTicit-nt  to  steady  it* 
movemenLt.  In  the  same  way  it  can,  even  without  assistance, 
clean  it^  featliei^  and  .scratch  its  head,  its  beak  and  foot  being 
in  these  oiterations  guided  by  contact  with  ita  own  liody. 

The  amount  of  disorder  thus  induced  differs  in  different 
birds !  and  some  movements  are  more  affected  than  others.  A» 
agMieral  rule  it  may  lie  said  that  the  more  complex  and  inlri- 
enfe  a  luovcnicnt,  the  fuller  and  more  delicate  the  coordination 
needed  to  carry  it  out  euccc^sfully,  the  more  markedly  is  it  dis- 
ordered by  tbu  operation  ;  thus  after  injury  to  the  canals,  while 
a  pigeon  cannot  fly,  a  goose  is  atill  able  to  swim. 

Similar  phenomena  have  been  olN>erved  in  other  classes  of 
animals  than  hirdss  in  mammals,  in  frogs  and  in  lishes.  The 
results,  which  are  more  striking  in  some  species  of  animals  than 
in  others,  may  be  descriWd  by  the  following  gcneml  statements. 
When  one  canal  is  severed  the  head  or  the  eyes,  and,  in  certain 
cate«,  parts  of  the  body,  in  a  ti>li  for  instance  the  tins,  make 
certain  detinite  movement*,  or  take  up  certain  definite  positions, 
or  tend  to  do  so,  the  exact  charaetent  of  the  movement  or  of 
the  position  taken  up  depending  upon  which  of  the  canalit  is 
the  one  oiienit.i^d  on.  After  the  operation,  a  certain  deficiency, 
a  certain  want  of  coordination,  in  the  movements  of  the  animal 
may  he  oliserved.  the  exact  nature  of  the  lo^is  diFTfring  with  the 
diFTcrent  canals ;  but  this  in  gencmlly  slight  and  after  a  while  is 
overcome  by  aecomm<Klation.  Scetjon  of  nil  ihivc  canals  on 
one  side  is  f<>llowed  by  effects  in  the  way  of  movements  and  the 
like  which  may  be  reganle<l  as  the  sum  of  the  effects  of  the 
severance  of  each  canal;  the  incoordination  is  made  more  pro- 
nounced, but  may  in  time  apparently  disappear.  \Vhen  ail 
canals  on  both  sides  are  severed,  the  resulting  special  movements 
are  not  so  striking  or  may  be  absent,  but  the  loss  of  coordination 
is  still  more  pronounce<I  and  may  he  permanent.  The  like 
result*   have   been   obtained,  at   least   by  some   observers,  by 
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section  of  the  eighth  nerve  or  of  its  vestibular  portion  (the 
eighth  nurve  cousiNts  rually  uf  two  distinct  iicrvus,  the  vestibu- 
hir  iiurvu  mill  tlie  eoiOilcur  iicrvc)  the  sfiiiicliviilar  oaiiiib;  being 
luft  intact ;  mid  in  cases  whura  tlio  uxpvnin«nt  Unit  Wxn  po-'tsible. 
Hid  effect  of  dividing  one  semicircular  canal  ha»  Iteen  reproduced 
by  the  section  of  the  nerve  branch  distributed  to  its  ampulla, 
without  any  injury  to  the  canal  itself. 

Now  ill  all  animals  the  ihree  caiiaU  are  placed  in  the  tliree 
plancH  of  BpEice  in  rehition  to  e<tch  other,  though  not  necessarily 
80  that  one  of  tlicni  lies  exactly  in  thu  incdinn  plane  of  the  iK-au. 
Hence  whenever  th(?  huad  is  turned  ihe  cristiK  of  the  lunpuUoi 
are  uneqimlly  iiffeeled  by  the  ehmiijes  of  pivK^ure  or  of  flow 
which  the  turning  hringa  about  in  the  endolyniph  of  the  canals 
and  when  the  head  is  at  rest  the  relations  of  the  endolyniph  to 
the  several  canals  are  difierent  in  the  different  positions  of 
the  head.  And  these  fitcts  uatunillv  suggest  the  view  that 
according  to  the  relatiuns  of  the  endolyniph  to  the  ampulla;, 
impulses  are  geiierutcd  in  the  crist.e,  which  impuUen  pass- 
ing up  to  the  bmiu  supply  t)ic  data  by  which  the  animal 
beeomes  aware  of  the  position  of  his  he;ul  and  so  of  his 
body,  and  enter  into  the  coordination  of  his  movements;  these 
impulses  in  fact  are  the  s^iecial  afferent  impulses  spoken  of 
a  little  while  biick.  This  view  is  further  suppoited  by  the 
following  experimental  results.  Characteristic  movements  of 
the  liL'ad  or  eyes  may  bo  obtiiined  by  carefully  laying  ham  a 
caniiL  and  gently  blowing  ovur  the  contained  cndolymph  with 
a  fine  glass  cannula,  the  movements  difToring  according  as  the 
current  uf  air  drives  the  endnlymph  towards  or  away  from  the 
ampulla.  Similar  charac  tens  tie  movements  may  be  brought 
abfiut  by  Btimnlating  the  cristw  in  various  waj-s.  as  Jiy  passing 
a  fine  hair  into  the  ain])u!la.  or  by  suddenly  lu-ating  or  cooling 
the  canal,  or.  in  certain  cases  »t  least,  by  passing  an  eleetne  our^ 
rent  through  the  ampulla,  tho  last  two  operations  iiot  neoessi- 
tating  the  opening  of  the  boay  eaiial. 

Without  entering  into  any  discussion  aa  tn  the  exact  w»y  in 
which  the  itnpulHes  are  geneiati^d,  as  to  whether  the  resultd  for 
instance  of  the  section  of  a  canal  are  due  to  the  lack  of  normal 
impulses  or  to  the  introduction  of  abnormal  ones,  we  may  say 
that  the  evidence  seems  to  shew  beyond  doubt  that  the  t'listiu 
of  the  ampullae  are  organs  through  which  are  geneiatt^d.  accord- 
ing to  the  position  of  the  head,  afferent  impulses  which  form 
tho  basis  of  tho  sense  of  equilibrium  and  enter  into  the  coordi- 
nntion  of  movvnieiita  affetrting  that  equilibrium. 

The  three  canals  however  are  only  affected  by  a  turning  ol 
the  head;  when  the  head  otherwise  unmoved  is  carried  directly 
forwards  or  lisickwards.  or  directly  upwards  or  downwards,  the 
effect  on  all  the  anipulhu  is  llie  same.  Vet  we  are  as  aware  of 
these  movements  us  of  turning  movements,  and  we  may  coo- 
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clnde  that  in  tbem  too  afferent  impulxes  sapply  the  tnesna  of 
ooord illation.  Evidence  of  u  niiture  i«itailar  to  thitt  dutoiled  in 
rcft^rciicc  tc  llio  crUUc  of  lliu  Hiiipullse  may  be  brought  forwurc), 
sinewing  tliAl  the  miumlgd  of  the  nti-icle  itnd  saccule  plnv  n  jNtrt 
niiittoirDu.s  to  lliat  of  tlie  orUtin.  Indeed  it  i»  urged  ihul  ttie 
otolitKs  SIC  inipoi'tant  agents  in  this  mntter.  a  view  whioli  in 
siijtiiorted  by  the  result  of  removing  in  various  inverlelitiiln  the 
bodit-ii  called  otoliths ;  for  tliis  is  a  want  of  coordination  very 
similar  to  that  which  we  are  di»cus»iiif;.  No  effects  on  the 
coordinntioti  of  bodily  inovuiiiciiUt  hare-,  so  far  iim  is  at  pix-^ent 
kiuiwn,  bucn  nwii  to'  f'dlnw  removal  »if  the  cocliloa  alunc,  or 
section  of  ihu  coolilear  nerve  alone.  We  are  tluw  led  to  the 
view  that  the  whole  vestibniar  nerve  (ajiait  from  the  senHc  of 
hearing  which  we  shall  discuss  later  on)  is  the  agent  of  the 
special  afferent  irapulseH  so  essential  to  the  cootxUuation  of  ihe 
movements  affecting  the  equilibrium  of  th«  body,  and  we  may 
Hpcak  uf  those  inipuLieit  a«  '  vestibular ' ;  the  name  '  labyrinthine ' 
(Troin  the  'labyrinth'  of  the  ear)  hiw  also  bwu  suggested  for 
Uiem. 

S  479.  We  may  here  say  «  few  words  on  the  interpretation 
of  tne  subjective  condition  which  we  s{ieak  of  as  giddiness  or 
diezinefts  or  vertigo.  We  compared  the  condition  of  the  jiigeon 
after  an  injury  to  the  semicircular  canals  to  that  of  a  [tereon 
who  is  giddy  or  dizzy,  and  indeed  vertigo  is  the  subjective  ex- 
preosion  of  a  disarnnigoment  of  the  coordination  machinery, 
concerned  in  the  mnintenancc  of  bodily  etjuilibnuni.  It  may 
be  brought  about  in  manj-  wtiy«.  When  a  on^iUnl  current  of 
ade<]iiat«  strength  i»  sent  through  the  head  from  ear  to  cm-,  we 
exjterience  a  nense  of  vertigo;  our  movententji  then  a[)]iear  to  a 
byt^tander 3?  ftil  in  coordination,  in  fact  to  resemble  those  of  a 
pigeon  w^ose  aemicireular  canals  Irnve  been  injured ;  and  indeed 
the  effects  are  probably  produced  in  the  same  way  in  the  two 
cases.  In  what  in  called  Menii^re's  disease  attackH  of  vertigo 
seem  to  be  associated  with  disea»o  in  tlic  car.  biing  attributed 
by  many  to  disorder  of  the  semicircular  cjinalis  and  eases  luivn 
b«eu  reconlvd  of  giddiness  ns  well  as  deafness  ruaultjng  from 
diveAM  of  the  eighth  nerve.  Visual  senttalions  are  very  potent 
in  producing  vertigo.  Many  peiwona  feel  giddy  when  they  look 
at  a  waterfall ;  and  this  is  a  case  in  which  both  the  sense  of  gid- 
diness and  the  dinarrangement  of  coordination  is  the  result  of 
the  action  of  a  pure  scuoation  and  nothing  eUe.  In  Uio  wall- 
known  intense  vertigo  which  is  caused  by  rapid  rotation  of  the 
bo<Iy  visual  iwnaations  pUy  a  part  when  the  rotation  is  carried 
on  with  the  eyea  open,  but  only  n  part;  for  vertigo  may  be 
induced,  though  not  .so  readily,  b/  rotation  with  the  eye-t  com- 
pletely shut.  In  the  latter  eii»e  tW  vertigo  is  in  part  caused  by 
abnormal  vcitibuhir  impulses,  and  in  the  cjiso  of  some  denf  per- 
sona, that  Ls,  persons  whose  eighth  nerve  is  diseased,  is  brought 
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ai>out  with  difficulty  or  not  at  all.  when  the  eyes  an  sliol^ 
nevertheless  thurv  aru  reasons  for  ihiiikiu^  that  it  ts  in 
caiuod  by  diruul  dislurUuiuv  of  the  hiiiin.  Whuii  the  mUuoDi 
c&ri-ifd  out  with  the  eyes  opun,  the  vertigo  which  is  f«ll  vbentlK 
roUtlion  ceani^  in  partly  i-aiised  liy  the  viiiiial  seimations.  on  l^ 
count  of  the  bnhaviour  of  the  ey«halls.  ceasiiig  to  he  iu  hvtnanT 
with  the  rest  of  the  scnsatioiis  ami  affiTunt  impulsts  which  bflp 
to  make  up  the  coordiaiitiun.  Tlic  ivitatiou  scix  up  jK-cuUar  uKil* 
latiiig  mnvL-meutii  of  the  vyehalli^.  which  contiiiui.^  for  some  dot 
after  the  rut^iltuu  htv^  c'cii»c<I;  owinj;  to  thes«  movements  of 
cyehiilLt  the  visual  scimatioiis  excited  are  such  tu  would 
cxciluil  if  i;xl«rnal  ohjt-ijUt  vvei-e  rajiidly  moving,  whereas  all  1 
othvr  tterisalions  and  impuhtes  which  are  affeiting  the  c«DtnI 
nervous  system  are  auoh  as  are  excited  bv  objccis  at  rest.  In  ■ 
normal  aUite  of  things  the  visual  aud  the  othi-r  scnsatioKC  mi 
impulses,  which  go  to  make  up  tho  cuordiuAtini;  in.ichiiH)T}',  in 
in  accord  %vith  each  other  in  reference  to  ihu  cveiiUi  in  tbi 
cst<>riial  world  which  aru  giving  ri*>e  to  tliom;  nf(«r  roialMt 
tticy  arc  for  w  time  in  dinnccord,  and  the  coordinating  ma^hiHij 
is  in  coiiiicqueTice  disarranged. 

When  we  interrogate  onr  own  consciousness,  we  find  dm 
we  are  not  distinctly  conscious  of  this  disaccord ;  the  rwal 
sensations  are  so  prepotent  in  consciousness,  that  we  rtallj 
think  the  external  worlJ  is  rapidly  whirling  round:  nil  thaiwj 
are  further  conscious  of  is  the  fueling  of  giddiuuss  and  our  in- 
ahility  to  make  our  boiHly  movements  hnmioiitzv  nith  oor 
visual  sensations.  So  that  even  in  the  cases  wIkto  ihe  lo«  of 
coordiii;Llion  is  brought  abnnt  hy  distinct  sensations,  what  n 
really  appreciate  by  means  of  our  conscious  nets  is  the  itisai' 
rangeroent  of  the  coordinating  machinery.  It  is  the  appreciuia* 
of  this  disorder  which  constitutes  the  feeling  of  vertigo;  *»•* 
the  feeling  of  giddiness  and  the  disordered  movements  are  li» 
outcome,  one  subjeclive  and  the  other  objcclivc,  of  the  *»» 
thing.  It  is  not  brcanse  we  feel  giitdy  that  we  staggering 
reel;  our  movement  are  wrong  because  the  machinerr  ti  »1 
fault,  and  it  is  the  faulty  action  of  the  machinery  whioh  ih« 
makes  lus  feel  giddy. 

We  may  here  perhaps  remark  that  it  is  an  actually  dwonlwii 
condition  of  the  coonlinating  mechanism  which  gives  me  to  t^ 
affection  of  cunsoiousncss  wliicli  wv  cnll  giddiness,  not  ft  met* 
curlailing  of  the  medintiism  or  nny  failure  on  it-*  part  to  in*k» 
iWelf  effeolive.  Complete  bliiubiess  limits  the  range  of  acti'ilj 
of  the  machinery  but  leaves  ihe  ti»mainder  inl.act,  and  tin  l^(H^ 
ness  is  felt.  So  again  in  certain  diseases  of  tho  nervous 
the  muscular  sense  is  interfered  with  over  considerable  !■  _  -= 
of  the  body,  and  lu  these  regions  uoonlinallon  fails  or  is  \m^' 
feet,  but  the  central  nmcliinery  is  not  thereby  affccleil,  ihouA 
its  area  of  usefnIneKs  is  Hmitcil,  and  no  giddmess  is  cxperiencw: 
nnd  so  in  other  instances. 
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§  480.  Foreed  Movementt.  So  fiu*  we  have  dwelt  on  di»or- 
dent  of  llie  coordinating  nmchineiy  brought  about  I>v  the  action 
of  varioiw  afferent  impulses,  Wo  liiive  now  to  call  attention 
to  some  [>cciiliar  pWnonii-iiu  wliic}i  result  from  uiK-rutivc  inter- 
ference wiih  purU  of  llit-  brain,  iiiul  wliich  in  some  iiislimces 
at  least  may  Ix-  tiikeii  lo  illuMtratu  liow  ibis  complui:  muuliinvry 
works  when  soiiit;  of  it»  inner  wbt't^I.'*  aru  broken. 

All  inv«i4ligalora  who  hitve  performed  experiments  on  tlie 
brain  have  observed,  as  the  result  of  injury  to  various  part^  of 
it,  remarkable  movements  wliiuh  have  the  appearance  of  being 
irre>ii»lible,  compulsory,  forced.  They  vaiy  much  in  the  extent 
to  which  they  am  developed  i  some  are  so  slight  as  hardly  to 
deserve  tlie  ii^iniu,  wliilu  ulliers  are  slrikiiigly  intense.  One  of 
the  most  eummoii  forms  is  tbilt  in  tvbicb  the  unimnl  rolls  Jnces- 
Kiiutly  round  llie  bm^itudinal  tixis  of  its  own  iMidy.  This  is 
especially  common  after  flection  of  one  of  the  crnm  cerebii,  or 
of  the  middle  and  inferior  pednnelea  of  the  cerel>ellum.  or  after 
unilateral  section  of  the  pons,  but  haa  also  been  witnessed  .after 
injury  to  the  bulb  and  corjioia  quadrigetnina.  Sonietimea  the 
iinimal  rotates  towards  and  sometimes  away  from  the  side  o)>er- 
ated  on.  Anollier  fonn  is  that  in  vvbieb  the  animal  executes 
*circus  movement^,'  i.e.  continually  moves  round  and  round  in 
•  circle  of  longer  or  sbort«r  radium,  sum«tiincs  towards  and  somc- 
timcjf  away  from  the  injured  side,  'i^li»  may  be  seen  after  feveml 
of  llie  above-mentioned  nperationK,  and  in  one  form  or  another 
is  not  uncommon  after  varions  unilateral  injuries  to  the  brain. 
There  w  a  variety  of  tlie  circus  ntovement,  '  the  clockh.ind 
movement.'  said  to  occur  frequently  after  lesions  of  the  poste- 
rior corpora  quadrigemina.  in  which  the  animal  moves  in  a 
circle,  with  the  longitudinal  axis  of  its  body  as  a  radius,  and 
the  end  of  its  tail  for  a  centre.  And  this  form  again  may  msily 
[>a.ts  into  a  simpli?  rolling  movement.  In  yet  another  fcmn  the 
animal  rotates^  over  thi;  li-atisver»e  axix  of  itt  Itrxly,  tumblea  head 
over  heelit  in  a  serie.-*  of  Komersaultit ;  or  it  mav  nni  incessantly 
in  a  straight  line  backwai'ds  or  for^vards  unlif  it  is  stopped  by 
some  obstacle.  These  latter  forms  of  forced  movements  are 
sometimes  aoun  after  injary  to  the  corpus  striatum,  even  when 
a  ver^'  limited  portion  of  the  grey  mntt«r  is  uffeeted.  And  many 
of  the.se  forced  movements  may  result  from  injuries  which  npjit-ar 
to  bo  oonlined  to  the  i-erebml  cortex. 

When  the  phenomi^na  are  well  developed,  every  effort  of 
the  animal  brinjjson  a  movement  of  this  forced  character.  Left 
to  itself  and  at  rest  the  animal  may  prasent  nothing  abnormal. 
its  posturu  and  altitude  may  be  quito  natural;  but  when  il  is 
excited  to  move  or  when  it  att«mptM  of  it«elf  to  move,  it  exe- 
cutes not  a  natural  movement  but  u  forced  one,  turning  round 
or  rolling  over  ta  the  case  may  be.  In  s^^vett;  ca.4«:t  the  move- 
ment is  continued  until   the  animal  ia  exhausted;    when  the 
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exhaostion  pasflen  nS  the  iinimal  may  retnatn  far  some  littie  time 
qniet,  but  snnie  litimuhia,  intniisic  or  extrinsic,  Boon  itiaugurat«a 
a  fves,\i  outbreak,  to  be  a^aiii  followed  Ity  exliaiistiou, 

III  some  of  tbc  milder  forms,  that  for  instance  of  the  circus 
luovvmeiit  with  a  loiifj  r.uliu»,  tin?  ciirvoil  cliaractor  of  (lie  pro- 
gression appeal's  simply  dm;  lo  tlic  fact  that  in  thu  effort  of 
Incoiuotion  volitional  impulses  do  not  pain  siicli  ready  aoces*  to 
one  Dide  of  the  liody  as  tn  tlie  other,  the  injury  having  caused 
aome  obstacle  or  other,  lleiiee  the  contractions  of  the  muAoies 
of  one  side  (the  loft  for  instance)  of  tlie  body  are  more  jiower- 
fiiJ  than  tlie  other,  and  in  coiincquence  the  body  is  continually 
thrust  towards  the  other  (the  rlRht)  side.  As  is  well  known, 
wc  oursclvwi,  when  our  walk  is  not  guided  by  visual  seiisalioiis. 
Wind  to  descrilw  a  circle  of  soniowhai  wiilo  radius  the  deviation 
lieinp  due  to  a  want  of  bilateral  symmetry  in  our  limbs;  oud 
the  above  circu»  movement  Li  onlv  an  exa^rgeration  of  this. 

But  the  other  more  intense  {oniM  of  forced  movements  are 
more  comjilicated  in  their  nature.  No  mere  blocking  of  voli- 
tional impulws  will  explain  why  an  aniuial  whenever  it  alti-'mpta 
to  move  i-olls  rapidly  ovei',  or  rushes  iiresistibly  forwaixls  or 
hii(.-kwiiid».  It  is  nut  possible  with  our  present  knowle<I;ie  to 
explain  hyw  ciich  parlioiilar  kind  of  movement  is  brought  alxiut ; 
ana  indiied  the  several  kinds  are  probably  bi-ought  almul  in  dif- 
ferent ways,  for  they  differ  so  gi-eatly  fi-ora  each  other  tJiat  we 
only  class  thym  together  because  it  is  difficult  to  know  where 
to  draw  the  line  between  theni.  But  we  may  regard  the  more 
intense  forms  as  illustrating  the  complex  nature  of  what  we 
have  called  the  euordinatiiig  niaehinery,  the  eajmbilitie-s  of  which 
are,  so  to  speak,  disclosed  by  It-*  lieiug  damagvd.  Snch  fiross 
injiirl<ut  as  are  involved  in  dividing  cerebral  stnictureM  or  in 
injecting  corrosive  sulwtances  into  this  or  that  part  of  the  brain, 
must,  of  necessity,  partly  by  blocking  the  way  to  the  impulsM 
which  in  a  norma!  state  of  things  are  continually  passuig  from 
Olio  piirt  of  the  br.iiu  to  another,  partly  by  generating  new  unu- 
sual impulses,  seriously  affect  the  due  working  of  the  general 
coordinating  mudiinory.  Tlic  fitct  that  an  animal  can,  nt  any 
moment,  by  an  effort  of  its  own  will,  rotate  on  its  axis  or  run 
atraighl  forwards,  shews  that  the  nervoii>i  meehautNm  for  tl)« 
execution  of  those  movements  is  ready  at  hand  in  the  brain, 
waiting  only  to  be  discharged:  and  it  is  easy  to  conceive  how 
such  a  discharge  might  be  affected  either  by  the  substitution  for 
the  will  of  some  potent  intrinsic  afferent  impulse  or  by  some 
misdirection  of  volitional  impulses.  Persons  who  haw  ex|)cri- 
ciiccd  similar  forced  movvmuntif  as  the  result  of  diMusv  report 
that  they  arc  fi«qiieiilly  accompanied,  and  si-em  to  Iw  eji»is«d, 
by  distui'l>ed  visual  or  other  sensations;  thus  they  attribute  their 
suddenly  falling  forward  to  the  occurrence  of  the  sensation  that 
the  ground  in  front  of  theui  is  suddenly  unking  away  beneath 
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their  feet.  Without  trusting  too  closely  to  tlie  interpretations 
the  subjects  of  thnso  disrirdurs  give  of  thuJr  own  fctilingx,  and 
rcmombertiig  wiiai  wiw  said  alwve  concerning  vcrtigu,  we  may 
at  least  eonclude  that  iiia  uiiuaiial  movemenu  are  in  many  i-aNes 
due  to  a  dUnrder  of  the  coordinating  niechanixm,  hrought  alionl 
by  strange  or  disordered  soiisoiy  impuLica.  And  this  view  ia 
supported  by  the  fact  that  many  of  the«e  forced  movements  are 
nccotn()ani«<i  by  u  peculiar  and  wholly  u)>nonn«l  position  of  the 
t-ycH.  which  nioiiu  miglit  perhaps  explain  many  of  tliu  phenomena. 

§481.  The  phenomena  presented  by  animals  deprived  of 
their  cerebral  ht-miHphercs  rihtiiw  that  thiH  machinery  of  euurdlna- 
tion  i»  supplied  by  cerebral  structures  lying  heiween  the  cerebral 
hemisphere  above  awl  the  top  of  the  spinal  cord  below.  Hiit 
when  we  ask  the  further  question,  how  is  this  mochineiy  related 
to  the  various  elements  wliich  go  to  make  up  this  part  of  the 
brain  ?  the  only  un^went  which  we  receive  urv  oi  the  most 
imperfect  kind. 

In  the  case  of  tli«  frog  we  can,  after  removal  of  the  cerebral 
hemii^pheres,  make  an  experimental  distinction  in  the  parts  left 
Itetween  the  optie  thalanii  with  the  oj>tic  nerves  an<t  ti-acts, 
the  optic  lobes,  and  the  bulb  with  the  rudimentaiy  cerebeHiim. 
When  the  optic  thalami  are  removed,  as  might  be  "expeeted.  the 
evidence  of  visual  impressions  mollifying  the  movements  of  the 
animal  ilisnpi>ejirs ;  and  it  is  stated  that  ap{iarently  8pontaneous 
movenieitt.t  are  mticb  moiv  rare  iban  when  tlie  tnalami  are 
intact.  When  the  optic  IkIh-s  an  well  ax  the  cerebral  [lemiNjibcrea 
are  removed,  the  power  of  balancing  is  lost ;  when  such  a  frog  is 
tlirotvn  off  its  Imlance  by  inclining  the  plane  on  which  it  is  placed, 
it  slips  hack  or  falls  down  ;  the  si»ecial  coordinating  mecbaniam 
for  balancing  must  therefore  in  this  animal  have  a  special 
connection  with  the  optic  lobes.  Hut  after  removal  of  these 
organs  the  aiiimnt  is  still  capable  of  a  great  variety  of  coordinate 
movements:  nnlltco  a  fi-og  retaining  \tn  spinal  cord  oidy,  it  can 
swim  and  leap,  it  maintains  a  normal  po.4ture,  and  when  placed  on 
its  back  immediately  regains  the  normal  posture.  The  cerebellum 
of  the  frog  is  so  small,  and  in  removing  it  injury  is  so  likely  to  be 
done  to  the  underlying  parts,  that  it  Incomes  (difficult  to  say  how 
much  of  the  euordititttion  apparent  in  a  frug  possessing  cerebellum 
and  bulb  is  tn  be  attribuU'*]  to  the  former  or  to  the  tatter; 
piobablj-.  however,  the  i»art  played  hv  the  former  is  small. 

In  the  ciu^e  neither  of  the  Uid  nor  of  the  mammal  hai'e  we 
any  exact  information  as  to  the  l>ehaviour  of  the  animal  after 
removal  of  the  parts  behind  the  bemiapherea,  in  addition  to  the 
bemiapherea  themselves.  Our  knowledge  is  confined  to  the  re- 
snlta  of  the  ablation,  or  of  the  stimulation  of  parts,  the  cei'O- 
bellum  for  instance,  in  animals  in  which  the  rest  of  the  brtun 
has  been  left  intact.  Observations  of  this  kind  have  (lisclnrsed 
many  interesting  facts,  besides  the  foived  movements  just  referred 
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to,  but  they  have  not  led  to,  and  indeed  could  Imi-dly  bo  expected 
to  load  to,  any  clear  views  aa  to  tlie  jioint  whii-h  we  ai-e  now  dw- 
ouaaing.  It  does  not  follow  tliat  every  part,  injury  or  stimulation 
of  which  interferes  with  coordinated  movements,  or  gives  rise  to 
definit«.  forced,  or  other  movements,  is  to  Ij0  considered  as  part 
of  the  macltiuvry  undor  considvnitton.  Tliu  corpora  striata  and 
cvrubml  hvintsphervs  form,  a»  we  have  seen,  no  part  of  the 
nuiwhinery,  yet  injury  to  them  may  disorder  tlift  machinery ;  mnd , 
the  fact  that  removal  of,  or  injury  to  the  cerelielinm.  disortlera 
the  maehinery  is  no  proof  by  itself  that  the  cerebellum  is  an 
essential  part  of  the  machinery. 

If  we  may  truat  to  deductions  from  structnnd  arrangements. 
we  might  \m  inclined  to  infer  tbnt  tho  anatomical  relations  of 
the  tegmental  region  from  iiia  btilb  upwards  point  lo  its  serving 
as  the  foundation  of  the  niaeliint.-ry  in  questiuu.  Behind,  it  has 
fnli  connections  with  various  pari)*  of  the  cord,  while  in  front  by 
means  of  the  optic  thalami  and  anterior  corpora  (]nadrig«mi»a, 
if  not  by  other  ways  as  well,  it  is  so  far  associated  with  the  optic 
nerves  that  the  path  seems  oiien  for  visual  impulses  to  gain 
access  to  it.  To  this  foundation,  however,  we  must  add  the 
cvrchcllura.  on  account  of  its  relations  to  it>  to  the  cord  and  to 
the  bulb  ibiinigh  the  resliform  bodivs,  including  its  tics  with  the 
auditory  nerve.  And  if  we  add  the  ocrelwllnm  we  miwl  al^o 
probably  add  the  jwns.  We  may  exclude  the  pes  of  the  cms, 
since  this  U  composed  exclusively  of  tihres  bringing  the  cerebral 
hemispheres,  including  the  corpora  striata,  into  connection  with 
the  pons,  bulb  and  coi-d.  and  so  with  the  coordinating  machinery 
itself,  as  well  as  with  other  parts  of  the  nervous  system.  And 
observation  as  far  an  it  goes  supports  this  deduction  from  ana- 
tomical relationships.  We  will,  however,  defer  what  else  we 
have  to  say  nn  this  jioint  imiil  after  we  have  discussed  the  cmt--^ 
rying  out  of  voluntary  movements. 


SEC.  3.    OX  VOLUNTARY  MOVEilENTS. 


§  482.  When  we  examine  ourselves  ve  recogntM  certain  o{ 
mir  niovftmeiiU  as  '  volimt.'irv  " ;  we  say  that  we  carrj*  them  out 
by  an  effort  of  the  ■  will.'  And  when  wo  witneaa  the  movemeiiU 
of  other  people  or  uf  aiiimiils  wu  n-gard  ns  altio  vuluntar)'  such 
of  thoiso  move m« lit*  tw  hy  iJinir  chumettre  and  by  the  ciicum- 
Stances  of  their  occurrencv  Meem  to  be  carrie<)  out  in  the  s«m« 
wny  aa  our  own  voluntary  movements.  Kven  in  the  case  of  80iue 
of  our  own  movementa  we  are  not  alwaya  clear  whether  they  are 
really  voluntary  or  no;  and  ia  the  case  of  other  people  and  of 
aniinsls  it  in  stiU  more  difficult  to  decide  the  question.  It  would 
bo  out  of  place  to  itttcmpt  to  discuss  here  how  voluntary  move- 
ments rviilly  diffi^r  from  involuntary  niuveuivntit,  or  in  other 
words,  whut  is  tliu  nattiru  uf  the  will ;  wc  must  be  coiitvnt  to  take 
a  Konivwliut  rough  use  of  the  words  *  voluntary,"  *  volilional,'  and 
will '  na  sh  bavis  for  phvHiological  diiM:us<tion.  We  may  however 
remark  th.it  so  far  as  the  muscular  side  of  the  act.  if  we  may  use 
such  an  expression,  is  concerned,  a  voluntary  movement  does  not 
differ  in  kind  from  an  involunlarj-  movement.  It  is  perfectly 
true  that  a  skilled  man  may  by  pructicv  U-ani  to  t-xecute  mus- 
cular manoeuvres  which  lie  would  not  have  li-nnit  to  execute  had 
not  au  intelligent  volition  Wen  opcmtive  witliin  him;  but  our 
own  experience  teaches  us  that  many  more  or  less  intricatu  move- 
ments which  have  undoubtedly  been  learnt  by  help  of  the  will 
mav  1)6  carried  out  under  c  ire  urns  t.inces  of  such  a  kind  that  we 
feel  compelled  to  regard  them  as,  at  the  time,  involuntary;  and 
it  may  at  least  be  debated  whether  cverj'  movement  w'liich  we 
can  carry  out,  by  an  effort  of  tliu  will,  may  not  Hp)>ear  under 
appropriate  vircura«tancv»  as  part  of  an  involuntary  act.  In  the 
ca.-M;  of  the  lower  animals,  in  the  frog  deprived  of  its  con-bi&l 
hemispheres  for  instance,  we  have  seen  that  voluntary  differ  from 
involuntary  movements,  not  by  their  essential  nature  but  by  the 
relAtkm  which  their  occurrence  l»oiirs  tocircumsCanoes.  We  havo 
therefore  to  seek  for  the  distinvtiun  between  voluntary  and  in- 
voluntary, not  in  the  ooonlination  of  the  muscular  and  tiervoos 
components  of  a  movement,  but  in  tlie  nature  of  tlie  process 
wliich  starts  the  wlwle  aoU 
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The  histories,  related  in  a  preceding  section,  of  varioiu  ani- 
miilK  dcpiivcd  of  thoir  cerebral  honiispliirios,  while  tliey  have 
furlhcrshuwii  the  difficulty  of  ilmwiiif;  ii  i«liarp  liiiu  bt-lwocn  the 
presence  aiirl  alueiice  of  volition,  i»iiiili  jts  when  wu  a[>piriil  lo  i>iir 
own  oonHctoasnesa  we  ftcem  nble  to  draw,  hnve  Lau)^ht  iiit  th:it 
ill  a  broad  sense  the  presence  of  volition  is.  in  the  higher  vert«* 
hmta,  dependent  on  the  passession  of  the  cerebral  heiuisithereLi ;  * 
and  wo  have  now  to  inquire  wlint  we  know  concerning  tue  way 
in  which  the  cerL-hnil  uortcx,  for  this,  :u  wu  have  seen,  is  the 
important  part  of  the  cerebral  lieinisphm-e,  liy  the  help  of  other 
parts  of  the  nervniw  system  carries  out  a  vi)!uiil«ry  movement. 

§  483.  With  thin  view  we  may  at  once  tnrn  lo  tlie  results 
of  experimental  interference  with  the  cortex.  When  the  sur- 
faee  of  tlie  brain  is  laid  bare  by  removal  of  the  skull  and  dura 
muter,  mech^nicsil  stimulation  of  thu  cortex  protluces  little  or 
no  effect,  thus  atf  urding  a  contrast  with  the  results  of  niochatii- 
cally  stimulating  other  portion.^  of  the  brain,  or  other  nervoua 
structures.  And  for  a  long  time  the  cortex  wan  spoken  of  as 
insensible  to  stimulation,  when,  however,  the  electric  current 
a  employeil,  either  the  make  and  break  of  the  constant  current, 
or  the  more  manageable  interrupted  current,  very  marked  results 
follow.  It  is  found  that  certain  movements  follow  upon  electrio 
atiiniilation  of  certain  regions  or  areas.  The  results,  uinreover, 
differ  in  different  animals,  ft  will  be  convenient  to  bc^in  with 
the  dog.  on  which  animal  the  observations  of  tliis  kind  were 
first  conducted. 

When  the  surface  of  the  dog's  brain  is  Tiewud  from  the  dor- 
sal surface  a  short  but  deep  sulcus  is  seen  towards  the  front, 
running  outwards  almoH  at  right  angles  from  the  great  longi- 
tudinal fissurn :  this  is  oalled  the  eriinial  ««/c«n  (Fig.  121).  the 
gyrus  or  convolution  in  front  and  behind  it.  and  sweeping  round 
Its  end  being  called  the  »i-fm'»if  ffifrun.  It  will  hardly  w  profit- 
able to  discuss  here  either  the  homology  of  this  sulcus  or  the 
nam(.-4  of  the  other  sulci  and  convolutions  of  the  dog's  brain. 
We  nieiitjon  this  sulcus  because  it  is  found  that  stimulation  of 
the  cortex  in  a  i-egion  wliich  may  be  broadly  desoril)ed  as  that 
of  the  neighbourhood  of  this  crucial  sulcus  gives  rise  to  move- 
ments of  various  parts  of  the  Imdy,  whereas  no  such  movements 
result  from  stimulation  of  the  extreme  frontal  region  in  front 
of  the  area  around  the  crucial  sulcus,  or  fi-oin  stimulation  of  the 
occipital  region  behind  this  area-  Cvrt^iiti  exceptions  may  b» 
made  to  this  broad  statemont,  but  these  it  will  he  best  to  disci 
in  reference  to  the  more  highly  developed  monkey. 

The  region  of  the  cortex  in  the  neighbourhood  of  the  enioial 
sulcus  may  then  l>e  termed  an  'excitable '  or  'motor'  region, 
inasmuch  as  stimulation  of  this  region  leads  to  movements  car- 
ried out  by  skeletal  muscles,  white  stimulation  of  other  regit 
does  not.     Further,  stimulation  of  particular  districts  or  at 
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of  thi!  rcjjiuii  load»  to  ptirticuliir  movements  camiMl  out  hy  pur* 
ttouliir  muscles.  For  iiiataace,  sliiiiulitUun  of  tliv  more  meuiaii 
\>avi»  of  tKe  gyrus  Iwhiml  the  crucial  siileiw  (Fin-  ISIJ})  luatU 
to  movement^  of  llit^  hind  limit,  wheiea-t  i^timulation  of  the  lateral 
jiart  or  outer  end  of  the  same  gyius  leads  to  movemeuts  of  the 
fore  limb,  iiud  we  miiy  here  distiuguUh  bctwoeii  an  area  Htimu- 
Itttioii  of  whieh  (Fig.  li[  +)  leuds  1o  tlvxiun  of  the  foni  limb. 
Kiid  an  area  (Fig.  1^1  +)  stimuhiUon  of  which  leads  to  exten- 
sion of  the  same  limb.     In  a  similar  way  stimulation  of  other 


N 


Fiu,  121.  Tbk  AiiK.k*  or  tub  CcNKnn*L  CosvoLCTtuKt  or  tuk  Doo,  Aeco>i>- 
ma  TO  lliizii^  Asii  Khitccu. 

(1}  A  The  an*  (ur  tlir  mtuclm  of  the  neok.  (S)  +  Tbv  Hiva  (or  Uie  ei1«ii> 
aloii  aiid  adduction  at  thu  fori'  limb.  (.3)  +  TIii-  rnwi  for  llip  lltzioii  and  rota- 
tion o[  tbo  (ore  Hmb.  (4)  JlT'i'''>ri'"'''''thir  hind  limb.  Running  tnuinvrniely 
towaidn  and  lu^finiTlnK  (1)  m»1  (-)  I'oai  (3)  and  (4J  t>  *ccb  the  em<M  tutcm*- 
{&)  O  Itu  fauial  atva. 

artM  within  the  'motor'  region  lendu  to  movemcnbi  of  this  kind 
or  of  that  kiuil  of  the  tail,  of  the  vyvit.  of  the  mouth,  of  other 
parts  of  the  face,  of  the  tongue,  and  »o  on.  Ohviously  in  the 
dog  tliU  region  of  the  cortex  hsm  connecUons  with  the  nkeletAl 
muscles  which  do  not  obtain  l*etween  other  regions  of  the  cor- 
tex and  those  museles;  and  further,  the  region  in  iiuealion  U 
topographically  differentiated,  so  that  certain  areas  or  district*  of 
tlie  ngion  are  specialty  connected  with  certain  skeletal  muscles 
or  groups  of  rau»clcs.  We  may  speak  of  ii  '  localisation  of  fuuc 
Uon '  in  this  region  as  compared  witJi  oilier  regions  of  the  cortex, 
and  in  the  suveml  areas  within  the  region  as  comi>ared  with 
each  other. 

The  muscles  which  are  thun  thrown  into  contraction  are  the 
masoles  of  the  opposite  side  of  the  body.     When  '  the  fore  limb 
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anjit,'  as  wc  mny  call  it,  of  the  right  heiiiLgphcre  is  stimulated,  it 
i»tliu  luft  fori!  limit  which  lit  mnvM;  aiuIko  with  lliv  olhur  areas; 
it  i.-t  only  ill  exc<^[ill<iiml  cas«a,  oa  in  certain  moveiiienu  of  the 
«yea,  that  th«  effect  is  bilateral:  a  niavement  conlined  to  tho 
same  side  as  that  stimulated  is  never  witnessed. 

Tho  results  are  most  clear  when  the  current  einploT«d  as  A 

stimulus  is  not  slnniger  than  in  just  suffJcicut  to  proauoe  the 
appro})riul(i  movement  (rouf^lily  Ki>cakin^  an  interrupted  current 
ju«t  perceptible  to  ihu  loiifjne  i^if  iht;  operator  is  in  ordinary 
cases  a  useful  one),  and  when  the  cortex  in  in  jjootl  nutritive 
condition.  In  any  ex[>erinieut  the  result,s  ohuincil  by  the 
earher  stimitlalinuM.  soon  after  the  cortex  has  been  exposed.  *n 
tlie  be.4t :  after  rofHiated  stimulations  the  surface  is  apt  to  becoiiH} 
hypenemic,  and  it  is  then  frequently  observed  that  the  move- 
ments residting  from  the  stiniulftlioii  of  a  {Hirttcular  area  are  not 
cunliticd  to  the  appropriate  inascloN,  hut  spixiad  to  the  eorre- 
xpoiiihri)^  muscles  of  the  opposite  .tide,  then  to  muscles  connected 
with  oilier  cortical  areas,  and  at  la.it  to  the  nuwcles  of  the  body 
generally ;  at  the  aanie  time  the  movements  lose  their  di.-«tinotiv« 
purpoHeful  characti^r  and  the  animal  is  thrown  into  eonvHUious 
of  an  epileptiform  kind.  It  not  unfrequently  happen«  that  on 
esjieriment  has  to  ha  stop|>ed  iu  eonsetiuenco  of  the  onset  of 
these  epileptiform  convulsions.  The  response  of  movement  to 
stimulation  may  bo  observed  while  the  animal  is  under  the 
moderate  inlliience  of  ail  an  {esthetic,  but  a  too  piufoiuid  anies- 
thesin  lesiteiiM  or  annnis  the  effects. 

In  order  to  carry  out  a  claier  analysis  of  the  phenomena  it  is 
desirable  to  wstrh  or  record  the  contraction  of  a  particular  group 
of  rauscle-i.  or  perhaps  better  still  a  particulai-  muscle,  e.  ifr.  the 
area  for  extension  of  the  bind  limb  may  be  studied  by  help  of  the 
extensor  di^itonim  communis  of  the  limb.  When  this  is  done 
the  following  important  fact«i  may  be  observed.  The  area  of 
corl«x  having  bcvn  found  which  gives  the  Itest  inovciuvntit,  and 
the  stimulus  being  no  stronger  than  is  nee«Ksary,  isolation  of  the 
area  from  its  Interal  sun-oundlngs  by  a  circular  incision  carried  to 
some  little  depth  will  not  prevent  the  development  of  contrao- 
cions  in  the  muscle;  but  these  do  cease,  even  without  the 
circular  incision,  if  by  a  horizontal  section  the  grey  cortex  is 
separated  from  the  subjacent  white  matter.  After  removal  of 
the  cortex,  stimulation  of  the  white  matter  underlnng  tho  urea 
produce*  the  appropriate  contniuUon;  not  oidy  liowever  i»  n 
stronger  stimulus  necessary,  but  ali*o  the  latent  period,  Uiat  is 
the  time  inti^-rvciting  lietweeii  the  beginning  of  the  application 
of  the  stimulating  ciinvnt  and  the  beginning  of  the  muscular 
contraction  is  appreciably  shortened.  The  appropriate  conirac- 
tioiis  not  only  appear  when  the  white  matter  immediately  Ix-low 
tho  cortex  is  sttmulaled,  but  by  making  successive  horizontal 
sections  and  eliuiulating  each  in  turn,  llie  uffuct  may.  so  to 
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speak,  b(!  traced  tlirough  Uiu  cciilral  white  mattor  of  tbe  hvmi- 
spliciu  iliiwii  to  the  iiitoi'iial  ca])«iilu.  Wo  tiiay  ooiicludv  fn>iu 
ttu-'sc  results,  that  when  Uie  tiurreiit  tit  a|iplietl  to  tlie  surface  of 
t)ie  cortex,  cei'taii)  {larUi  of  certain  ttti'uclures  in  the  grey  iDatt«r 
are  sti mutated,  the  process  having  u  marked  latent  period,  an<l 
that  as  the  outcome  of  llio  chtiti^es  induced  ill  the  grey  matter, 
impuUes  pass  alunff  tliu  fibres  leading  down  from  the  grey 
inaiti^r  to  tliu  internal  capsule,  and  so  by  the  pedal  fibres  of  the 
erus  to  tlm  spinal  uord  and  nioUir  spinal  rool^  Auatomicat 
opDwderatiims  lead  uh  to  itnppotic  thai  the  fibit-s  in  question 
btlmg  to  the  great  pyramidal  tract ;  and  a»  we  ethall  itee,  all  our 
knowledge  eonlirms  this  view. 

It  muHt  not,  however,  be  suppoHed  that  the  sevei-al  areas 
Btinmlation  of  which  produces  uacD  its  distinctive  movement,  are 
in  the  dog  sharply  defined  from  oiich  other ;  when  the  term  area 
(or  extension  of  the  hind  limb  is  used  it  must  not  be  Hupixmed 
tlut  the  Hrea  can  l>c  detined  by  an  outline,  within  which  stimula- 
tion prodncoA  noLlun>r  but  exten.sion  of  the  hind  limb,  and  out- 
siile  which  stimulation  never  produnes  extension  of  lliu  hind  limb. 
All  that  lA  meant  in  that  exten.tioii  of  tbe  hind  limb  i^^  the  salient 
and  striking  result  of  stimulating  the  area.  When  we  study  tlte 
various  movements,  and  especially  perhaps  when  we  study,  by 
help  of  a  graphic  record,  the  contractions  of  various  individual 
muscles  rvsulting  from  the  stimulation  of  various  parts  of  the 
motor  regiuu,  we  lind  not  only  tliat  the  aivas  fur  jiarticular 
movements  or  particular  muscles  aro  very  diffuse,  but  that  the 
seTeml  aruas  largely  overlap  each  other.  If  for  inst.-\iice  wc 
were  to  map  out  on  tlie  twnie  diagram  the  several  area^t  belong- 
ing  to  four  or  five  miwcles  of  different  parta  of  the  bodv,  sucli 
an  the  extensors  of  the  digits  of  the  fore  and  of  the  liina  limb, 
the  flexors  of  the  same,  and  the  orbicular  muscle  of  the  evelid, 
Uiat  ia  u>  say,  the  soveial  arc^is  within  which  in  turn  stimulation 
of  the  cortex  pruilucvd  coutracliuii  of  the  [mrticular  muscle,  the 
overlapping  would  be  »o  gr«nt  that  the  whole  ligure  would 
appear  highly  confused.  In  a  simular  way  th«  excitable  motor 
region  as  a  whole  would  gi-adually  merge  into,  be  broken  up 
into,  the  unexoitahte  frontal,  ocei^ntal  and  tem{>oral  regions,  in 
front,  behind  and  below.  In  other  words,  the  loealization  in  the 
cortex  of  the  dog  is  to  n  marked  degree  imperfect. 

lu  this  rosi)oct  the  dog.  correspouding  to  its  position  in  the 
uiiimat  hiunirchy,  is  iiitermcdiaU:  between  such  animals  as  the 
rabbit,  the  bird,  aiul  iho  frog,  on  the  one  tuiud,  aud  the  more 
highly  developed  monkey  on  tlie  other;  and  that  ia  one  reason 
why  wc  have  taken  the  dog  first  and  dwelt  »o  long  ufton  it.  In 
the  rabbit,  a  similar  localization  may  be  olMervod,  Imt  far  lew 
definite,  far  moi-e  diffuse:  it  Ix'comes  still  less  in  the  bird,  and 
is  hardly  retrogiiizable  in  the  frog.  It  will  not  be  profitable  to 
dwell  ou  the  detaik  of  tbeso  lower  animala ;  but  the  phenomena 
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of  Ch«  monkey,  leading  up  as  they  do  to  those  of  man,  call  for 
special  notice. 

g  484.  When  in  a  monkey,  in  an  individual  tor  instance 
belonging  to  the  genus  Maniauf,  tliu  Mirfiicc  of  the  curehtum  id 
expiorfd  with  reference  to  lh«  ^-rfccLs  i>f  electric  slnnulation,  it  is 
founil  lliat  when  the  current  i*  applied  to  the  preceiitml  or 
twcendini;  fronted  and  the  postcentral  or  a»oendiii(r  paiietul 
convolutions  which  tie  respectively  in  front  of  and  l)ehiiid  tiic 
important  central  IJHsura  or  fltujiu'e  of  Rolando  (cf.  Fig.  122), 
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Fro.    Ml.      Ot'TLINK    OF    IIUAIK    Or    H'lHKET     (MlCACl*)    TO    RUSW    PRnCTTAt, 

SrLL'i  (Fmsl'iiks)  a<ii>  Gthi  (CuxvoLCTiumi).    (h'xturai  nEe.)    (Shetring- 
ton  fttler  llamlpy  (tad  SehHti-r.) 

The  bmtn  flKartfl  Is  ilin  shiqc  m  ihnc  In  Flit.  133,  %nA  the  two  Ikunts  should 
tw  conralwd  to^tliw.  Over  t^i^lj  aulctu.  tiun">'K''r  piiutV'l  vrry  ttiivk,  the  iiMiw 
ta  wrltteu  in  »maU  eapitaU.  owr  eni'.U  eynw  in  italift.  x  iudicAiH  Ibi'  mnall 
depmwioa,  hnrdly  to  he  nalletl  n  mlcflii,  vmlch  liiiiu|>p(iiii'd  to  bi-  homolocrnm  with 
the  suprrlnr  Inininl  wilcos  o(  m«i ;  siid  ir,  j/,  •»inilt»rly  lnilic«t^  snlcl  whoM 
homoloKlea  an  uotconsln.    Fov aonie  aTuonynu  ■»«  Hl^  134.  I'ib. 


movi-ments  of  the  fore  limb  follow.     The  '  motor  area  for  the 
foru  limb'  thiu  discovered  is  more  circam»criWd  nud  deriniw 


Fin.  123.  I^rt  niiviipnMKB  nr  imp.  ('iiNRiini.M  or  MACacri  Muxkkt  viinm 
TKOM  iT»  tun  nit'tt,  iyii  KHon  iiitivii.  (XaturnI  site.)  (SbrrringlOD 
•fWir  Homley  aii<l  Keevur.) 

Tho  figure  nhpwi  Uic  poiiiilon*  of  the  portion*  o(  the  eoriex  conpcmud  with 
BioTpmrnl  ol  tnrioiu  pan*,  unci  willi  thn  iwnnni  ol  cichl,  iinfU.  nnd  licnhn^  Tlw 
onnkul  niva  roniM'CCil  with  ihr  mnvcmi'nu  of  ilio  Ick  b  HhiuU'd  vituoIIt  xcroaia 
that  wtlli  the  iiiuvemcDta  ot  tlio  arm  lioriinDUllr.  ""^  (liat  wtth  (ho  iDurvm#iita 
of  tlie  trunk  [ii  >  BlantUig  dirvctioo ;  tlie  arva  connected  with  momnetita  of 
UiV  hMil  rneck\,  fM«,  Mil]  ejtvi*  dotud.  The  cvtma  of  tfa«  chief  llMiuta  U 
IndicMcd  by  iilngto  llnda. 

of  the  central  fissure.  Itehiiid,  it  reAches  ns  f at  as  the  intra- 
pariotal  fliMure  which  somewhat  oharply  defines  its  hind  honler, 
finil  in  front  it  ceases  no  less  (Iu6nit«ly  at  soitiu  Uttle  distance 
W-hitid  thv  proccntnil  fi»!)ur<.'.  Further  vzaininiitioii  ehcws  that 
the  whalu  ama  in  divided  iiitu  areas  oorrespoDding  to  iiK>vvtii«Dta 


1 


746 


CORTICAL   MOTOR   REGION.  [Book  m. 


of  particular  pai-ti<  of  the  for«  ann,  and  Uint  tliette  are  armnged 
in  a  dt^tiuit^  relution  to  <>iicli  other.  In  the  more  dorsal  [ittri  of 
the  area,  at  the  liiise  of  tlie  triangle,  atimnlation  prodHc<?s  move- 
nionts  of  the  lihoiiUlcr  (Fig.  123);  if  the  t'luctrodes  be  shifted 
veiitnilly  innvfiiiciit*  of  tliu  clWow  niak«  tlit-ir  np]MLaniticp:  if 
still  nK>ii!  vttiitinUy.  niovt-iin-nts  of  tlio  wriat  cmiic  in,  and  tliCM) 
are  ill  turn  Muccuoded  veiitnilly  hy  niovvmcnts  of  the  di^tM 
gonefally,  of  the  foreliiiger,  and  lastly  nf  the  iJnimh.  A  very 
Htrikiiig  exi>eriRient  may  be  made  by  applying  a  cunt-nt  of  suit- 
able strength,  first  at  the  lowur,  ventral  border  of  ihe  ares,  and 
then  gradually  advancing  upwards  towards  the  mesial  tine ;  the 
thumb  is  moved  Imt,  then  thu  forclingi^r,  then  the  R>st  of  the 
digits,  then  the  wrist,  next  thv  elbow,  and  liiAtly  the  shoulder. 
Furtbt;!',  in  t'ertiun  [Mits  uf  tbu  urea  the  resulting  movcnieut  is 
Uexioii  of  the  approprintw  st-guient  of  ibe  limb,  in  other  parU 
extension,  in  certain  parts  abduction,  in  otlier  parts  adducliou, 
and  so  on. 

Similar  exploration  Ahewm  that  the  'area  for  the  bind  limk' 
lies  on  the  meaian  side  of  the  area  for  the  fore  limb,  sti-etcbingi 
besides  on  to  the  mesial  surface  along  the  miirginiil  convolutioa 
wliich  forms  the  dorsal  portion  uf  tliu  wull  of  the  gix:»l  bmgi- 
tndtnal  lissure ;  it  rc-whcTt  us  far  back  as  the  intra-pai'iettil  sulcus, 
and  is  »uecuciiud  in  front  by  the  'area  for  the  trunk'  (Fig.  124). 
Within  iWvi  general  area  for  the  hind  limb  we  may  similarly  di«- 
tingnish  sjiecial  areas  for  the  hip  (Fig^.  123, 124)  in  the  front 
portion,  for  the  knee  and  ankle  behind  this,  and  for  the  digitai 
still  farther  backn-ards,  the  area  for  the  great  toe  being  however^ 
iu  front  of  the  arcu  for  the  other  digits. 

Ill  front  of  the  areas  fur  the  liinus  mid  truuk,  on  tbo  mcdisR 
doreiil  surface,  dipping  down  into  the  mesial  surface  along  tbe 
marginal  oonvolntion  (Fig.  124)  and  i-eaehing  laterally  on  tho 
dorsal  lati'i-al  surface  to  the  doi-sal  extiemitv  of  the  pix!ce«tn»l 
sulcus  (Fig,  12il),  is  tlie  "area  for  the  head,  that  is  to  say  for 
movements  of  the  head  brought  about  by  contractions  of  the 
miisclea  of  the  neck. 

Ventiwl  to  this  again,  in  front  of  the  precentral  sulcus  is  the 
'  urea  for  the  eyes.'  tliat  is  to  say,  for  contractions  of  the  ocular 
muscles;  and  behind  the  proccniral  sulcus,  ventral  to  the  arm 
arcii,  lic-s  IV  »ni:ill  an.ni  for  movemcnis  of  tbe  cyelidit,  brought 
a)>ont  by  contractions  of  the  orbicularis  muM^le.  Vcntinl  to 
this  again  is  the  'area  for  the  face.'  in  which  n-e  may  distin- 
guish an  area  for  the  mouth,  that  is  an  area  stimulation  of  which] 
produces  changes  in  the  buccal  orifice,  opening,  sliutljng,  draw-- 
ing  to  one  side  fee.,  and  an  area  for  movemenla  of  tbe  tongue. 
These  two  Hrcas  reach  dowiiwiirds  to  the  iissure  of  Sylvius,  and 
backwanls  to  the  line  of  the  intrii-|Niriclnl  sulcus.  In  front  of 
them,  occupying  all  the  ventral  part  of  tbe  prccentml  convolu- 
tion and  reaching  forwards  aa  far  as  the  x^reuemral  sulcus,  when 
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it  uwoto  tbo  urea  for  the  eyes.  lien  an  area  stimulation  of  which 
produces  movoniuiilii  of  tne  phiiryux  or  lai-yux  as  well  an  tho 
mouth  or  fact.-,  nnd  wliioli  may  bu  divided  into  ureiiii  for  masticsr 
tioii.  for  8wallowinf>,  ami  for  llit;  jiroductioii  of  tln>  voicu. 

We  might  Hixiak  of  iiwai  scvuiwl  ntvas  Lti  auotlivr  way  by 
referring  to  the  nerves  convvriiuil  in  rarryinj;  out  the  Ktwral 
movuDiciits,  though  in  doing  »o  wa  nmitt  n:iiM;nibcr  that  there  is 
not  au.  exact  coti'utipondenGe  between  the  relative  position  of  a 
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Vn.*tft4.     Mriiai.   AHPRrr  tir   rmi    i.ri-t   hilf  op  ths  Boaik  or  Micicc*, 

nttri.AYKEl    Ur   BK<;T]I>!I    IK    IHB    Kfe(>IAN    aiUITTAL    t-LAJIK    XKO   HKHUVAI.   Ur 

TiiK  <:isuEitt:i.t.t'u.    NHlural  nice.    (Slu'rrlimrtuikAltcTllunlcy  oud  Bcuviw.) 

Tbc  knlchcil  nn<l  Ml|ip]i.'d  put*  at  Ibg  lurlBCt:  ■heir  the  niilniii  of  the  ftortsx 
codnict^il  wltli  movenifnlii  at  the  fifvl,  kna,  hip,  tail,  trunit,  nnil  arat 
I*8p(v-liv>'l.v.  'I'liu  MTpnil  pUtdlhilM  irl  the  ktvaa  of  CurVK  C^xiuOL-h-d  wtlb 
B^<i')R  Hii'l  fmrll  HuJ  witli  cMa«ruii>  BFiualfon  si«  iodioled  I17  tlio  nppto- 

TtioplMMinliirctionhiuipaMod  Uiroustiiliecorpiwcsllntiuni,  cc,  w,  ce,uiilihroii^ 
UX'  uiiUriiireouiitiiiHiiin',  e,  Htnrlax  Uie  lefl  jiillarot  IhelumU,  F;  boliind  il 
baa  biiHH.'t'.-'i  the  anlt^rifir  jiuti  of  Ui«  |NmB.  laying  opea  llw  ujuciluul.  ^, 
(iKt  a  tenia  ml  cimirluiii  vi-ntnculiun).  J"M«,  tin  left  hall  o(  tlic  pun*  ui 
nonul  «ticili>(i.     Up,  tlie  o{iUc  cninmlwiiire  cut  aaraaa. 

III.   till'  rout  ut  tliF  third  cnniol  nL-rro. 

FJL  Um  Iromloi  jxik,  OC.  iho  godpllal  pole ;  Cn.  Ibv  eimeu^  An.  Uw  prvcu- 
nnus;  (?./«.  G.  fa.  (f./».ti»  gyrm  tomicaiiu ;  tlicunlcUeml  fiMurc  wen 
10  form  III*  upiwr  bouiiitiwy  oFUiIb  crnu  in  lla  Kapn-calloMl  put  1*  tlio 
adla*o-iiuits>i">t.  Po./.  Qui  pailMo-occipUsl  Baaom. 

muHcle  along  the  axis  of  the  Imdy  or  along  the  axU  of  a  limb 
and  the  rotative  position  along  the  corvbrospinal  axi^  nf  the  nerve 
or  nur\-i'«  governing  the  muscle.  We  may  however,  adopting 
this  method,  notutthiit  ihu  Hacnil  and  liimlar  nervea  are  repre- 
sentfd  by  the  inoKt  mesial  portion  of  the  whole  motor  area  and 
by  the  hind  diviitirm  of  thiit  meti»l  poition  ;  th>*t  the  lumlnrarid 
tnoiacio  nervea  are  represented  by  the  front  diviaioD  oi  tin  samo 
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mesial  portion  ;  Uiat  the  upper  thoracic  with  the  lower  cervical 
nerves  oelong  to  a  region  lyins  lateral  to,  and  the  upper  cervical 
nerves  to  on«  lying  in  front  o?  tho  pi-ec«jdin;;  area ;  and  lastly 
that  tlio  n-nmining  lutt.Tiil  and  ventral  portiuns  of  ihv  whole 
motor  region  appertain  to  t]i«  uniiiiitl  nerves.  But  tliw  ttipo- 
graphii-.al  diffeirnliation  does  not  anmv  out  so  clearly  hy  this 
Riethot),  an  \>y  that  of  taking  for  our  guide  distinctive  mov^ 
ments  of  the  several  parts  of  the  body. 

It  will  be  observed  that  all  these  ni-ens  taken  together,  repre- 
sented by  the  portion  of  Figi;.  1^3, 124  uhfidud  in  one  way  or  an- 
other, occupy  cliii'fly  the  parictiil  region  of  tho  ccR'bi-iil  surface 
though  they  ul»o  reach  into  the  frontal  region.  Stimuhitioii  of 
thu  frontal  region  in  front  of  tliii*  ninlt^r  area  or  of  tins  oeoipital 
region  behinil,  wliether  on  the  lateral  or  on  the  niei*iat  sutfaec. 
or  of  the  temporal  region,  whether  also  on  the  lateral  or  on  the 
mesial  surface,  or  of  the  gyrus  fomicatus  (Fig.  1^)  connecting 
the  frontal  and  occipital  regions  on  the  inesial  surface,  and  run- 
ning ventral  to  tho  niiirginal  gyrus,  does  not  give  rise  to  move- 
ments ;  or  to  be  more  ox<ieli  does  not  give  rise  to  movements 
comparable  to  those  just  descnlx-d  as  ivsulting  fix>ni  stimulalion 
of  variouit  parts  of  the  motor  region.  Movements  do  take  place 
when  certain  parts  of  the  occipital  or  of  the  tem[ionil  ivgion  aro 
stimulated,  but  these  are  not  only  less  striking  and  experiment- 
ally leas  certain  tlian,  but  appear  to  be  of  a  different  nature  from 
those  resulting  from  stimulation  of  the  motor  region  :  it  will  Iw 
convenient  to  speak  of  the  nature  iind  meaning  of  tlij^  kind  of 
movement  when  wecome  to  diKcuss  the  development  of  sensations. 

§  4S5.  It  is  obvious  from  the  foregoing  thut  the  mechanisms 
for  the  development  of  these  movements  of  cerebnd  origin  are 
far  more  highly  differentiated  in  the  monkey  than  in  the  dog. 
But  even  in  the  monkey  (Miieaeus  and  alliei)  forms)  the  diffei^ 
ontiation  is  still  very  incomplete.  If  we  explore  for  instance  the 
area  for  the  wrist  wo  find  that  its  limits  are  ill-delined.  In  some 
parts  of  the  area  we  obtain  movements  of  the  wrist  only,  but  in 
other  parts  of  the  urea  stinmhition  oroduces  not  only  movements 
of  the  wrist,  but  also  of  the  shouluer  or  of  the  digits,  or  of  the 
neck;  and  so  with  tho  other  areas. 

If,  however,  not  a  Maoacns  or  other  ordinary  monkey,  but  the 
more  highly  developed  ourang  nlang  be  taken  as  the  subjeet  of 
experiments,  the  differentiation  is  found  to  Iw  distinotlv  ad- 
vanced :  the  several  areas  are  more  sharjily  defined,  and  what  is 
important  to  note,  the  respective  areas  tend  to  be  separated  from 
each  by  i^tortions  of  cortex,  stimulation  of  which  gives  riae  to  no 
movement  at  all. 

The  opiiortunities  of  stimulating  the  cortex  of  man  himself, 
have  been  tew  and  far  Vxitwet-n.  and  have  for  the  most  pan  been  | 
conducted  under  unfavourable  eireumslances ;  but  so  fiu-  as  the  ■ 
results  obtained  go,  they  shew  that  the  tupugmphical  dlstribu- 
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tion  of  areaa  for  the  several  movements  is  carried  out  on  the  same 
plau  us  ill  the  monkey  (wo  aru  purposely  conliiiiiig  ourselves  uoir 
to  tUu  results;  ni  nrtifloial  stiitiuliilitiii);  ami  inoruuver,  justify  the 
Coiiolu.sion,  whioli  a  priori  re.i-Hoii.'i  ^NtmUl  lea^l  iiit  to  adopt,  thul 
ID  man  the  (lifferentiatioii  is  advanced  Htill  farther  than  in  the 
monkey. 

Thus  when  we  survey  a  series  of  hruins  in  succession,  from 
the  more  lowly  frog,  through  iho  bird,  the  rabbit,  tlie  dog.  and 
other  lower  mammahi  up  to  the  monkuy,  the  anthropoid  ape.  and 
KO  to  mail  hiniHvlf,  wu  liitd  an  iiK-rttaMiiig  difFvruntiiilioD  of  tlio 
cerebral  I'ortex,  hy  which  certain  areas  of  the  cniiex  ai-e  brought 
into  special  connection  with  certain  .skeletal  or  other  mitKcU'-i  in 
such  a  way  that  stimulation  of  a  particular  jHiilion  of  the  grey 
matter  gives  rise  to  a  particular  movement  and  to  that  alone. 

§  486.  Before  proceeding  further,  it  will  be  perhajM  udvan- 
tAgeotiM  tocall  t^miud»oincoi  theiinportantfe»ture»  of  the  great 
strand  of  filirtrs  known  as  the  pyramidal  tract.  The»e  libara  start 
from  the  <;t:i'ebr.il  cortex  nf  ilie  motor  region  which  we  mv  stndy- 
ing;  they  are  the  axis  cylinder  processes  of  some  of  the  large 
pyramidal  celU  which  are  so  conspicuous  in  this  region  of  the 
coitcx.  Paasing  dowiiwiirds  from  the  cortox  through  the  white 
utattttr  of  the  hemisphere  and  the  corona  radiatu  they  arc  gath- 
ered up  into  the  intuniul  capsule  bt-tween  the  nueleuK  lenticularis 
on  the  one  side  and  the  nucleus  caudatu.')  with  the  optic  llmhimus 
on  the  otherside  (Figs.  \'.l^.  \'2G.  127).  The  internal  cnpi^ule  luvs 
the  form  of  a  fan,  the  handle  of  which  i^issea  into  the  cruH  cerebri, 
while  the  expansion  stretches  into  the  hemisj)here:  it  is  further 
bent  intoarounded  angle  (Fig.  12.5, G),  the  'knee,'  which  sepa- 
rates a  front  from  u  hind  limb.  The  fibres  of  the  pyramidal  tract 
occupy  the  knee,  a  small  adjttiiiing  portion  of  the  front  linil>  and 
a  large  part  of  the  hind  limb;  but  it  must  be  remeniK-red  ilint 
when  we  examine  the  internal  oajisule  hy  horizontal  sectinna 
taken  in  succftwion  from  the  dorsal  to  the  ventral  regions,  wo 
find  that  the  knee  shifts  in  position  and  changes  in  the  width  of 
its  angle,  that  the  two  limbs  vaty  in  direction,  in  size  and  in  shajie, 
and  that  at  last  the  bont  tiattened  cu[isule  parses  into  thu  more 
or  less  rounded  cnis  by  the  rapid  <li»ap|)earance  of  the  fore  liaib 
aiid  tb«  consequent  extinction  of  the  angle.  When  the  capsule 
has  thus  passed  into  the  cms,  or  rather  into  the  pes  of  the  criis, 
tha  pyramidal  tract  is  found  occupying  the  median  region  of 
the  pes  (Fig.  12S).  Farther  backward  tiie  tibresof  the  tract  are 
found  running  in  the  i>ons  (Fig.  1*i9,  130. 131),  in  strands  in- 
terwoven with  the  transvciBO  fibre*  of  that  structure,  and  tlten 
■seuing  from  the  pons  are  found  concentrated  Again  into  the  an- 
t«rior  pyramiiU  of  the  bulb  (Fig.  182).  At  tite  decussation  of 
the  pyraniiiU,  while  mo«l  of  the  tihres  cross  over  to  form  the 
CKissed  pyramidal  tract  of  the  spinal  cord  some  are  continued 
on  M  the  direct  pyramidal  tract,  which  however  speedily  dimio- 
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Fia.  126.    OoTUMM  or  floNtiMncrAt.  nKmoK  or  flRAni.  td  (mkit  tbb 
lyTEHSjki.  riPM:i.K.     (Nnlnnil  Kizc.) 

Tlie  Hi.'i.-iiL>[i  Im  Uikt'ii  III  A  levvl  \ncnr  vi'tiiral  ihnii  8henn  in  Fig.  116.  Th« 
groy  mattcf  of  llie  curli'x  nnil  clnusiriiiii  in  Ml  iiiiHliuilud.  but  lliat  of  Um  corpai 
■triaiiim  [Uid  opiic  tlinlnmus  in  ]ilin.iii-il, 

OT.  "pilp  IJinlnmMK,  shi-wliiB  lli«  mpclian.  Intrfnl,  nnd  nnt^rlot  mielH.  .Vt. 
uuclru*  li^iiliciilaris,  »livwiiiR  tlie  i>iitflTit>-ri  \avsk,  tvnA  tbc  lancr  divtston  nl  Um 
glubiLi  iiallidus  vtTy  Buiftll.  NC.  imrlfiin  r»<ulnliu,  tliu  l&i^  Lead  In  btml  o[> 
and  Ihu  diininmliiiiK  Lnil  behind,  tlip  tliilauiu.i. 

fl.  th*  knRc  (i(  ilip  IntPtTinl  ca|iinilo-  Frum  '  JKV<* '  lo  '  J>fy.'  nifirliii  llie  potil- 
tloQ  of  t.li?  pyntmldnj  trapt,  n«  a  whr>lf.  Kud  (bi*  wrvpml  li?tb-ra  ludlcAM  brotidlf 
tlio  Tclatire  ponUodna  ol  tlie  mvi-i^I  ci^TUHlitui^iiTii  uf  Ihe  ir.ipl.  named  ncconllrw  10 
the  movtuienta  with  wbicli  they  iir*  conptnitil ;  ihu»  Ey?  niovi'ineula  ol  tbo 
pjris;  /fif .  of  IU« head ;  TW.  »( tiir  tortEUc  ;  niiA.of  tlicmoiitli ;  riT.of  UiothouU 
diT ;  rl/'-  of  tlir^  dbow ;  Pig.  <>(  Ihn  hnnd  i  ^FmI.  nf  tliR  ftbdnmen  ;  Hip,  ol  the 
bli< ;  A'n.  nf  llie  IcDea :  JD^.  o(  tlie  foot. 

S.  tbu  lemporo-ooclpiial  mwt.    or.  flbn's  to  tlie  (ii-<.'ipiul  lolie.    Op.  optis 
radintiim,     At  ibU  lerel  the  fibre*  of  the  Iroiitnl  ttnct,  in  ihc  focc  liiub  ol  tha  ' 
capcule  in  frnnl  »(  tlie  pjTAmtilftl  Itnct.  run  nlmost  hnritontallr,  parallel  orlth 
tha  plane  of  the  aectloii.    Cf.  F!j.  ISfl,  Fnu. 
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cc  (be  roctium  of  the  corpiu  calluaum,  Spl.  the  *ptcnlam  ol  ihn  uino,  bolli 
«nt  ncTOM  hoiizomullf.  llio  thkk  dork  linn  indlontn  Ih«  bnoiiilary  ut  llie 
CAvltloa  of  the  uiterloT  utd  ili>«c«mlliiK  bnma  nt  th«  launl  veoLrlule  niul  of  tlie 
Uiird  ventricle,  the  two  vuntriclfs  beli^t  laid  oprti  iuti)  une  lij  tliu  rcmovAl  of 
tli«  velum  &ud  cboruid  pksua  Ac.    The  uvsl  uuilitia  lii  the  furu  p«n  of  Uilx  ravlty 

ludiCaMl  tllO  fDTRiX. 

Ldtanl  to  tbe  irnclca*  IcntleuUrla  in  uvn  in  oiiillnc  thi^  clniwtnun,  ibe  corux 
of  tt>R  lalutd  ol  K«ll  ftiifl  tile  operculum  or  coDToIutlon  overiaptiltut  ilw  hland 
«t  Hell.  ^ 

Pit  IsMTtdd  to  «U«n  whicb  bi  Uie  hind  put  of  thu  ttetlon. 

uhes  and  disappears,  through  fibres  h-nving  it  to  i^ross  over  to  tUs 
other  side  bv  the  aiitt'rior  comniiA.Hui'e.  During  it«  prof^ress 
nloiip  tlio  Hpiniil  cord.  th«  fibres  both  of  the  cronsed  and  the 
diri-«t  tract  end  by  coining  into  coiuicctioii  with  the  ccIIh  of  the 
antennrcornu,  either  by  iu««nsof  thvir  collatvrals  or  by  their  act- 
ual terminationa.  In  the  bulb  an4  higher  up,  llio  ti-nct  givcH  o£F 
fibres  which  ci-ossing  over  to  the  otiier  8i<Ie  make  conncc-tions  in 
a  similar  way  nnth  nerve  cells  whme  axis  ovliiidttr  pinci-sscs  are 
motor  fibres  in  the  cranial  nerves.  From  tliese  relations  of  the 
pyramidal  tract  it  is  obvious  that  the  fibres  of  this  ti-aet  nuist  Iw 
ooBoenied  in  tho  tlovelopitH.'ot  of  the  moreoicnts  which  we  have 


Tio.  ISS.  OrTLnnt  op  jt  StorrTAt.  txcnoit  rmtoiton  thh  iiKi«t>rMua.    Mui. 

(Sh«rrin|[ton.) 

TIm)  Miction  {«  ttUccn  not  far  to  the  right  of  ih«  uMKan  t'laiu>  and  b  one  haJf 
UiM«r  of  natural  «1m.  The  gfr/  matter  of  the  corpiw  Mriatutn  and  thaluniu  la 
ahadMl. 

Xe,  Xe.  tb«  cau'iate  nuoIt^uH ;  Pi,  the  putsmra  and  Op,  thp  giohm  pallidas 
nf  thr  lenliculnr  nn«lmii :  or.  thp  optic  ihokmua;  C/.  th»  intenial  capsule  with 
a  strraked  sjiptannM  tcmtling  appraxlniatel;  the  ditVcUon  iskva  by  flbr»- 
bOBiIlM  panlait  Into  It  from  th^  nortloa  of  eomiia  radiata  orrr  b.  In  tiwae  arte 
of  bundln  may  be>  brvadly  dlttlnKul"ii«d  a  rnmial  sntMO,  /mn.,  a  py mmldal 

frMcnt,  PY  (sulMlivlmiblr  into  cranial  (miii.}.  brachial  [brwJk.],  dorso-laiBbar 
ibM.  luni.].  and  huDba-sacnU  [luni.  ntf.),  paila)  and  a  inDporo-owlpltal  system. 
MMT ;  lbs  ttlnaiinii  nf  tb*  ecna  ot  thn  bilpmal  ciqank  la  ladloaied  by  g.  CB, 
tba  cna  CHf«tin ;  Oe.  the  sn-etdlad  optic  radUtloaspywdBK  into  the  ocdpilailolM: ; 
or.  the  Bidenial  end  of  the  corpui  rnlloMUin ;«,«,«,  iho  btraa]  nntrlcld  ent 
aeioa*  In  thrao  dlthreni  plitcm  -.  F.  ibe  tornla  tn  enM»«Mtlon ;  Op,  the  nptio 
Iran  lucniwinftlnn     I'srlot  theccrebeUuuiiaM«BlB«illiiMWlLailglil. 
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Fio.  1S7.    Ocn-mx  or  x  THAssvansB  noKvo-TENTitiT,  bbotiox  or  tiib  aiom 
iiAt.1-  or  run  iinAtK.     (Natural  ■]».'.)    (Slierrington.) 

The  aecllon  vhldi  Is  Uknn  nt  thn  Icvrl  of  tho  kniw  nf  tiio  OtpsulP  sod  la 
Uierefon  iaMnnedlaU  beiwMii  ihoee  sbewn  in  Fij».  11(t— UT  is  iotroduoed  u 
ntuMiMa  Ora  eoone  ot  the  eonMituenM  of  Uie  pyramiitnl  iract. 

0.  T.  cptk  thnlnmiw :  y.e.  docUiu  candntun,  tlii?  head  niiljr  ajmcAn  In  ihls  , 
sectlciD.     Ft.  pntnmfn,  Op".  Op'  tlio  tir»  r<nru  nt  thn  kI"1>u*  psiltdua  tit  Ih« 
aacleua  Ivuiiculfiriiii  C.  Ui«  claiutrnnt ;  C  K.  t-tiv  oitt-m»l  capsule ;  In,  the  bhnd , 
a(  Rcii.    e.a..  the  anWrtor  ouminliMun.-  sliaittsl  V)  ivnilrr  it  dtslincV  ftiid  tiie  Bbna  ; 
trom  tile  U'toporo-ttplirtioidal  lobe  wliioti  jKua  fiito  it  Iwing  tii<licnl«il  by  broken 
llncji.     f);i.ilio  opUc  tract:  lorf.  thu  cml  of  tli«  dPMcndlni;  linm  of  llio  Ijitpnl 
VFniulcki :  y.  tho  fornix ;  F'.  tho  mid  nf  tlio  anwrlnr  plllnr  fi(  llio  fornix  In  Uia 
1mm  oI  iba  Uialuniw ;  c.c.  corpus  calioraiii ;  O.J*,  anterior  pan  of  Uie  occlpiul 

/o.  I*  the  central  fiuiire  or  flssuK  of  Itnlnndii.  Thn  conns  nf  ih«  (ttirM  oC  j 
ili^  pymmlilAl  Imct  cnnnrriKl  roiipriTtlvi'ly  wIt.Ii  ihn  trunk,  left  snil  arm,  and 
lienoe  with  spinal  iirrvra,  nud  nt  thono  connMtvd  nith  tlie  faw  and  ti^noe  wiUt  i 
cnnud  nerres.  Is  shDwn  by  ^^>l{«u  iiiius.  Tliviw  an>  ati  seen  oonwrcin;;  into  tha  1 
Internal  cnpmle  C.f.  This  timire  nhimld  in  rcHpcet  to  tli«  couniA  nl  tbrM  in>m«| 
1m  oompAivd  n-iili  the  liuriiuntal  Mictiaa  sbuwii  In  Fig.  l^A,  and  the  ssgltulT 
figUtt  abown  In  Fig.  IXQ. 
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just  descrilwc].  When  the  movvnMints  are  bi-ougbt  about  by 
ittiiiuiluUoii  of  the  fibres  in  Home  part  of  tlieir  vourse,  lu  the  in- 
ternal capsule  for  inittAnce,  thei-e  can  be  no  doubt  that  the  stimu- 
lation starU  impulsett  which,  travelling  down  the  tract  to  the 
origins  ol  certaiu  cranial  nr  sjiinal  nerves,  in  some  way  ijivo  ri«i 
to  coord  in  lite  motor  impulseH  along  the  motor  tibresof  ihenervcs; 
and  wo  iimy  with  rvtwon  speak  of  the  impulses  then  pasAing  along 
the  traot  ah  motor  or  effcruiil  in  nature.  When  the  stimulus  is 
applied  direct  to  the  corUix,  we  may  assume  that  pi-occseea, 
atAvted  in  the  gi-oy  matter,  eventuate  in  Kimilar  elTcrcut  im- 
pulae.4  along  the  fibres  of  the  tiact.  All  the  evidence  Ivaib  us 
to  regard  this  tract  as  an  efferent  ti'act. 

When  the  spiiml  cord  is  divided  in  the  lower  dorsal  region 
and  the  electrodes  of  on  electrometer  ore  brought  into  conneo- 
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Fm.  1S&    TnaAitnn  rns  Cttvm  A^nt  Awtbidok  CoKroiA  Qcadrioimim*. 

(One  bait  only  Is  bIirwh.)    (Sherrington.) 

(Inthuliiiu  114.  Fi«.  I0».) 

A.  Uw  pyramidal  iMMtl mi  of  tht-  pes.  FV.  tlic  r«|i1nn  of  the  p«  occu]iIpiI  hj 
flbvWWB  lU  fmtUl  p-irilnn  of  thn  corti-x.  TV.  O.  tliu  r<!)cion  ovcupitd  by 
nnaeeflriacfKim  the  ocf  ipital  pnnlou  nt  the  corU'X.  y.  fibn-s  coming  from  tie 
HUM.  Op.  the  tiplle  tncl.  F.  llif  I!l1»t.  I.  Itic  lati^nil  portion,  m.  tbo  m^dtui 
pettioa.  L  tbo  poitcrior  loneiiudiaiil  biinill4>.  H.  a.  (ho  brnrbliim  ot  Ibe  aninlor 
oon>a*<l>i*^i^ffflnli>etn.  i.  flbfi-«frtini  tlicpo«ti'riiirc<iininlii8Ufeor  thv ceRbnm. 
r.  nphp.  S.  n.  futm«ntia  ntHra,  K.  a.  rtA  nuclciu.  C  jr,  1.  Inteml,  and  C.  g.  m. 
loodlan  cori'us  leriiiiciilalURt.  Prr.  piitvinar  of  optic  thnlntniw.  A.  Q. ».  nucleiM 
or  gny  ■nall'T  at  aulrnor  (vr;"'"  <|(Lii<lrit:eiuiiiiim.  III.  n.  nunlciw  of  III.  thlid 
neTTC.  III'.  rootlctJi  from  thr  licnml  part  of  111.  n.  Ibe  iiaclcii*  of  tho  tbird 
nenw  which  cnn  ibe  mnllim  line  to  rmirfco  with  rootl»ta  il«1<*<l  fron  Uie 
iradMlS  of  the  oppMlle  Hi>li-.  *.  n.  miiinrllclal  lovtr  of  fibres  «(  the  anU  Corp. 
(|a*d.  d.  IK.  dwp  Isj-er.  V.  4.  <iv«c«ntlinK  rootof  tho  fifth  nerre.  ^g.aqneduei 
•ntToandcd  1^  occcbnl  |^;  matter. 

tion  with  the  transverse  cut  surface  and  with  some  point  of  the 
longitudinal  Burface  above,  tho  electrometer  gives  evidence  of 
currents  of  action  (^manifested  m  negative  variations  of  a  deniar- 
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eution  current  or  current  of  rest,  §  64)  whenever  the  motor  area 
of  the  liiiid  limb  in  stinitilattid,  but  not  when  other  parts  of  the 
cortex  are  stimulated.  We  liuvo  ulreiidy  said  that  i^timiilaiion 
of  any  part  of  ihe  motor  region  lotiy  undiT  ut>iiormal  conditions 
ffive  rise  to  gwncral  epileptiform  eoiiviiUioiis ;  when  th«se  occur 
uuring  such  un  cxpuriniuot »»  the  above,  ourrvnlM  of  uclion  mani- 
fest themselves  in  llie  lower  dorsal  cord,  whether  the  stimulation 
f^iviuf^  rise  to  the  convulsions  lie  applied  to  tlie  area  for  tlie  hiuil 
imb  or  to  any  part  of  the  motor  recion.  It  haa  been  further 
olwerved  that  the  currenla  of  action  uevoloped  within  the  spinal 
cord  tally  in  a  very  exact  manner  with  the  musculiir  movements 
The  convulsions  begin  with  n  susUunud  'tonic'  contruetiou  of 
the  muscles,  and  the  electrometer  xhews  a  similar  suistitined  cur- 
reut  of  action;  this  is  followed  by  rhythmic  movements  of  the 
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Fw,  129.    Tdroi^or  tni:  Foii«  P*nT  or  nnt  Pouiii.    (Sficirinsum.) 
(lnU>eUtiell3,Flg.  108.) 

Pp  P\r»niiiiBl  fibrwi.  F.  C.  tTbn»  fmn  the  frMii:i1  oortex.  S.  P.  Supnlor 
Prfunclc  of  Uin  fpn-bi'lliim.  P.  in.  lupdiun  portii'n.  F.  I.  lateral  poriion  ol  th« 
Fillci.  {.  iNiitnriiir  l'.>ii|[iiurlinMl  biindlcv.  P.  C.  Q.  Pwtrrlor  rorporx  qiuwlrt- 
R^mliiA.  g,  Film-s  wliioh  becrnn?  drwrlinl  from  Dip  FlllM,  mid  (unhnr  lorwatxl ' 
Iroin  (lilt  iniifnnosO  pnrcof  iJin  l'i-«  of  ilif  C'dih.  I.  c.  locus  fjtemleu*.  m.  P.  if. 
nujflptu  of  Uie  pfBiiTloT  porpora  i|ii!i<!r1wiuirLfi ;  llie  oulliin'  in  rnndc  loo  shirp. 
IV.  bundle*  of  ih?  tnvtrtli  nerve  dMiivoiliu);,  IV.  b  it*  tiiii^lnw.  V.  rf,  d«crnding 
rocitot  thoflltli  nerve,    vlv.  Ihtt  aqaeduct.     e.  fr.tbv  region  of  conttnl  grey  maUfr. 


muscles,  accompanied  by  correspond! np  rhythmic  movements  of 
tho  mercmy  of  the  electrometer.  Without  imisling  too  much 
on  the  exact  int«rpretatinn  of  these  resnlu  we  may  take  them  u 
at  least  slicwinf;  tliat.  when  the  motor  region  of  the  cortex  isi 


Flo.  130.    Tinutcr.n  tub  Poy*  at  nra  kxit  or  nu  Firm 

Nekve.    (Shemngojii-) 

(In  tlie  Wnf  IIS.  Pig.  ICiS.) 

C.fl.  Rt^moiniofn-itiform  body.  £  P.  superior  peduncle  ot  the  Mnbellnni. 
F.  n.  RiMlbui.  P.  t.  iMiTnl  FlUi-i.  T.  R.  t«pii«niiU  rcticutu  (urnwtlan.  tr.  P. 
Kiprtfldii]  tnuMTtnn  flbtr*  of  ttin  Vant,.  I.  pouerlcr  lontcltutliiial  bandlra,  P. «, 
■npnilar  Ttrmil ;  RKliiMU  of  thiv«  titlln  rnr  oliFirn,  one  lirlnii  dnuclinl ;  bMnwn 
dMin  tbt>  lni<>rv.<iiinf{  mlct  laiil  open  l>y  tlii-  i«>>ciii>n  an  tpen.  n.  a.  nln  of 
VieiMMin  or  inicrior  vdon.  r.  nphl^  />.  I'jmrni'Ul  fibn«.  ftr.  P.  gny  nut- 
Itr  oj  Ihe  I'oiut.  ».  i>.  mppcioT  olive.  (,  plnfnl  on  ilic  left  Mr  tniiii-^Uu  the  prad- 
ti(m  at  It  buiLdk  "t  lt>iu[lludin*l  flbri'ii  whli^h  mii>-  hr.  tnmd  forward  tiiUi  iht 
nbthtlamlc  n«loiis.  V.  m.  motor  nucleui^  V.  i.  H-nmr?  nudoiH,  ami  >'  ntou 
of  lb«  flfih  nvrre. 

Wu  fi>nnli  rattilcle ;  ilmdiiig  o(  centnl  gnj  matter  omitud  u  bi  Fig,  131. 

Oil!  resulU  obtained  by  studying  the  degenerations  following 
upon  iiijuiv  to  or  i-enioval  of  the  several  \tATls  of  the  eortic^ 
motor  ri-jjion.  nftreo  in  marking  out  the  piiths  taken  by  the 
several  comttituvnts  of  tbu  Inwt  through  the  central  wbttu  mat- 
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ter  of  the  hemiRphere.  the  corona  radinta  and  the  capsule.  Com- 
pitring  Figs.  12S.  124  with  Fi;^.  l'2-'i,  120  and  127  il  will  be  seen 
that  tlic  portion  of  the  tract  destined  for  the  eianial  nerves,  nnd 
so  for  the  movcmetits  of  the  eyes,  tlie  mouth,  face,  tuiiguu, 
pharynx  and  larynx,  starting  from  the  ventral  parta  of  the  wore 
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Fio.  181.    TnftoQOH  TUB  winstr  part  or  tbb  Fodsth 

Vkntiiicu:.     (Slierriiij;U>n.) 

Tntrii  (n  thf.  Uae  III,  Fig.   108, 

Pj/.  Pyramiiln,!  fibre*  cut  Irannvrrncly.  (r.  P.  tlie  supeTflcial  (venrtal)  miift>^ 
rrrip  d-btva  ut  tliv  iious.  Tlii^  sliAilctI  imil  of  itiH  t>ous  ()ir.  P.)  iudl<«i«*  icrey 
mallfr  tninsled  with  tbo  diieper  traiiBviTw  librJiL  F.  (he  fillet.  7>.  the  lt». 
(R-xluin,  C  /f.  the  rciiiform  l>ody  or  inferior  ppdanole  of  the  cercbcltum.  cot 
uTixia  i>l)li'iup|y.  8.  P.  iJin  cuiirrinr  pcdimcli's  o(  tlio  ci'iTlM'ltum.  r.  Mph*. 
#.n.  iiu]jt-rii)roIiv«.  C  B.  ciirpu*  dfiiuiwni  iif  [lie  cervhcllniii.  Jf/  n.  ih«  nticlnia 
of  tlie  riKif.  t,  p.  lubenrlu  '>(  Kolnorlo.  I'  5.  Hei'Lioii  UiruuKli  sulca»  in  th«  v«mila j 
■upcrior  <nf  the  ceivbdluui.    t.  bundle  from  the  oU»«  to  Uu-  UailkuUr  nuolev 

VIII,  iJin  i^ighth  or  auditory  nenT,  lu  vcntml  or  vi>»iibular  tool,  uro««Jii 
tn>ai  VIII.  /I,  tho  front  port  nl  Uie  Inirml  miilltory  nnrli'iiH.     VII.  n.  uic  nurlnu 
of  the  Beveiith  or  fuciiil  uirrv«.     VI.  tlie  tiui'leu*  of   llio  tixtli  ncrr*.     Vlt.  fj^ 
flbiPK  of  the  HFf'entli  nerve  cut  acroM  a«  iliey  iiwH(-p  ruvmd  the  nueleut  ol  die 
■Ixth  brfnrc  Imiiilne  frnm  the  ponii  •>  VII. 

4Ui.  Xhv  fdiinh  vMitnele,  here  moled  in  hy  Iho  CPKbellum  ;  the  Khadlng  ■ 
the  central  gn'y  matter  ImniMlhitcly  tumiuuding  Uic  Tenlrlcle  h,  lor  tb«  Mko  i 
(implicit},  omitted. 
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frontal  district  of  the  motor  region,  tako  up  their  postilion  at  tbo 
kuuv  of  tliu  iiitvriiiil  ciij)ijuk> ;  nnd  the  portion  destined  for  ihoM 
uppvr  ctirvinil  irtvl-s  wliich  carry  "nt  inoveinentH  of  the  hoad 
lliruii^h  tlif  iniiSL-U-s  nf  lliv  iieclc,  sUrting  fram  the  extreme 
frnntaj  and  dtir.sal  pni-ts  of  thi;  an-it,  i^  also  appiirently  directed 
to  the  knee  of  the  cApsule.  The  i-eflt  of  the  tract,  stnrlin;;  from 
the  part  of  the  area  lying  at  once  behind  and  medial  to  tlie  above, 
occupieis  in  the  capsule  it  position  posterior  to  tht^m  in  the  hind 
limb  of  the  ciipsute  ;  and  it  will  be  observed  that  the  tract  for 
the  fore  Umb  which  begins  on  tlic  siirfwce  lateral  of  the  tracts 
for  thv  tiniikiunl  IiJikI  limb, shifts  its  i-iiur»e  in  rt-lntion  to  theirs, 
so  that  in  the  capsule  it  is  in  front  of  them,  not  latvral  to  them. 


■•-B- 
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Fio.  133.     TUBoran  the  I)i-t.ii  jvn  debtvo  tub  Piw*. 
TaJCfH  in  Ihr  IliK  no,  Ki(t.  108. 


(SI)citId|[Ioil) 


i>.  PymmiilK.  B.  KMtlform  Ilody.  fftm.  rprclM-llum.  P.  Fillet.  f.iL$. 
external. /.  a.  I.  [nU-nial  armiaii;  lltir**.  {.  Iiuudle  of  Dbrra  tr<'>m  »1It«  to  ih« 
lentleiilAT  nuckiu.  I.  poatcrtor  longituidiiinl  buuilliw.  n  /.  f.  nuotrug  <>f  laAci- 
culiu  tftr*.  J.  o.  aiipcrlor  olive,  h.  t.  r.  nuckun  oenualU  (lilt)  iimrkK  itithin  h 
urn  (■Tilons  ol  bnadiea  ot  flbraa  t>y  whicti  It  i*  tnvented).  a.  g.  wittmica  of 
KoUiidu. 

V.  a.  wircnding  root  ot  liftli  uvrvc.  V II.  n.  nuolcus  of  llip  Tlli  nert*.  VIIL 
auditory  ncTYT,  dilfltv  ihc  denial  or  coclilt-iir  root ;  VIII.  n  lut-diumnudcnt,  VIII. 
$,  tBtcntI  niirli'iui.  VIII.  ).  wecmnry  noeleiu  ol  nuditory  tiervc.  IX.  fibre*  of 
lOM  of  Binili  iWTt*  purfng  tbroaith  ucendlng  root  ot  fllih  n«rvc. 

It  may  further  he  nUierved  that  while  in  the  tracts  for  the  trunk 
and  hind  limh  the  same  for«  and  aft  order  which  obtains  on 
the  Burfaee  is  reproduced  in  the  capsule,  even  ajipai-ently  to  the 
strange  precedence  of  the  ankle  over  the  knee,  the  order  uf  the 
Mveral  elements  in  the  fore  limb  tnu^t  which  ut  lateral  on 
tile  surface  Ijeconiw  regulurly  fore  and  aft  in  the  oajisnle.  In 
tbo  OH)Muh!  thr  i«everal  elcnK-nU  are  armntrecl  in  a  linear  order, 
correspandin^  brnatily  In  that  of  the  distributjon  of  the  muscles 
along  the  longitudinal  axi»  of  the  body ;  on  the  cortex  they  are 
disposed  in  an  order  the  cause  of  whicn  is  at  prvsont  not  Ter>' 
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olbar,  l)iit  wliii^ti  U  [iroliably  dotermitivd  by  ttio  respective  rela- 
tione of  the  itevernl  jiaiUs  of  the  motor  region  (o  the  funutioual 
aoUvity  of  tlie  othor  pitiU  of  the  cortex.  In  llie  »hiftiiig  from 
the  one  order  to  the  other,  the  several  constitiient  fibres  M  we 
have  said,  descrilie  a  somewliat  (wciiUar  course;  niid  when  we 
remetnK'r.  that  the  order  shewn  in  Fig.  125  is  only  the  order 
obuining  nt  one  piirticulur  level  of  the  oajisule,  and  that  from 
the  «lor»iil  bu^inniiigii  of  tlit-  capsule  in  the  corona  rndintii  to  its 
veiitnil  end  in  the  {m;m,  tho  oagisnle  in  ouiitiiiuully  chuii^nc  in 
fin-ni,iiii'l  its  tihi'e.4  thvri-foic  ttrcOnntiinMlly  shifting  their  reUtioitS 
to  each  other,  the  whole  eourse  of  tlie  huvciuI  fibres  nf  the  tract 
from  their  origin  in  tlie  portes  nntil  they  are  gathei-ed  up  into 
tJie  central  portion  oE  the  pes  (Fig.  1*28  /*_y)  must  be  a  very 
com  plicated  one. 

When  the  area  of  ouit  licmi)<|)hcre  is  stiniiilatcd,  the  move- 
ment which  roi^ulLt  i»  in  most  erases  su(!n  on  the  other  xiile  of 
the  body,  «nd  on  lh.it  other  side  nhme.  Thus  when  the  area 
for  the  fore  limb  iti  stimulated  on  the  left  hemisphere  it  is  thtt 
right  fore  limb  whieh  is  moved.  This  is  in  aceoi-danee  with 
what  ViB  have  learnt  of  the  pyramidal  tract  and  i(«  ulti* 
mate  entire  decussation  before  it  reaches  the  motor  nerves,^ 
the  decussation  either  occurring  massively  as  in  the  case 
of  thi)  crossed  pyramidal  tract-,  or  in  a  more  scattered  man- 
ner Mloug  the  u]>per  part  of  the  spitml  cord  in  the  ca»c  of 
tho  direct  pyramidid  tract;  wnd,  as  we  have  seen,  ihciv  is  » 
similar  decussation  for  such  part  nf  the  pyramidal  tract  a.s  i.'< 
conneiit^d  with  the  cranial  nerves  above  the  decussation  of  the 
pyramids.  Except  in  the  ease  of  certain  areas  for  movements 
naturally  hilateral  of  which  we  shall  s}>ealc  presently,  the  move- 
ment is  normally  on  tlio  erossod  side,  and  op  thu  cro!<sed  side 
only.  Under  abnormal  conditions  however  the  limb  of  the 
other  side,  that  is  of  the  same  side  it's  the  hemisphero  stimulated, 
nmy  move  also.  lint  sitch  an  abnormal  movement  of  the  same 
side  ha»  not  the  same  charactei's  as  the  proper  movement  of  tho 
crossed  limb.  Instead  of  being  an  orderly  coordinate  movement, 
it  is  a  more  simple,  fither  tetanic  or  iwrhaps  tonic,  or  rhythmic, 
clonic  contraction  of  the  muscles.  OJmously  its  mechanism  is 
of  a  different  nature  from  that  by  which  the  proper  movement 
of  the  troMsed  limb  is  o(fi-ei«d;  but  it  is  importAnt  to  War  in 
mind  th)it  a  movement  of  the  uncrossed  limb  may  take  place ; 
and  further  that,  the  abnormal  conditions  continuing,  similar 
movements  of  an  uncooi-dinalod  character  may  spread  to  the 
hind  limb  and  other  jiarts  of  the  crossed  side,  though  the  stimu- 
lation bo  still  confined  to  tliti  arm  area,  then  to  other  jMrte  of 
tho  uncrossed  side,  until  a-t  we  have  sai<l  the  whole  Ixidy  is 
thmwii  into  epileptiform  coiivuUions.  This  feature  must  not 
be  forgotten.  In  fact  it  may  lie  fairly  insisted  ujOTn  that  while 
w«  may  speak  of  a  particular  coordinate  movement  as  being  the 
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normal  outcome  of  an  ordinary  carefiil  dtimulation  nf  a  partieo* 
lar  areft  in  a  normal  condition,  it  is  no  less  true  that  diffuse 
uncoordinated  movements,  culminating  in  general  epileptiform 
convulsions,  are  tlie  natural  outcome  ot  the  stimulation  of  any 
area  in  an  iibnonnHl  couditiun.  And  in  attempting  to  form  any 
opinion  of  tliti  nature  of  llio  lirst  act.  vre  aiuitt  bcikr  the  second 
in  mind. 

Am  wc  duid  above,  the  movempnts  rviultioR  from  cortical 
stimulation  ait;  nimt  conveniently  d^itcrilx-d  in  t^rniis  of  purt«  of 
the  body,  of  the  arm,  of  the  thumb,  of  the  tongue,  &<■■  'flie 
mo\'ement8  of  the  name  part  may  be  fuith«r  dintinguiKhed  by 
means  of  the  nomencUture  usually  adopted  iu  s^teaking  of  mua- 
cular  raovemmitji,  Kucb  as  llcxion,  uxtvnxion,  abduction,  adduc- 
tion, &u. ;  so  that,  within  the  arua  Iwaring  the  name  of  8ome 
particular  [liut,  such  att  the  wrist  for  instance,  wo  havo  to  distin- 
guish an  arva  for  lh<.!  Ilexion.  and  another  for  the  exlvn^iun  of 
that  joint;  and  in  like  manner  in  reference  to  other  pai*t.«.  Hut 
it  will  1)6  readily  understood  that  it  im  easier  to  map  out  the 
area  for  a  particular  part  than  to  distinguish  the  ai-ean  corre- 
spoudin^  to  tht!  st-vuntl  movvmciilB  of  that  part.  Hence  the 
nomenclature  usually  adopted  in  Hpeakiug  of  the  motor  region 
is  ono  based  on  the  partK  of  the  body  moved  rather  Ihitn  nn 
th«  cliaracttT  of  tlio  movements.  Tho  more  closely  however 
the  movements  in  rjueation  are  studied,  the  m4)re  probable  it 
appeai-H  tliat  the  InealLtation  which  obtaina  in  the  cortex  ia 
etoentially  a  localUation  corre^iponding  not  to  parta  of  the 
body,  or  to  nerves,  or  to  muscles,  but  to  movements.  In  con- 
sidering tliia  point  it  must  be  remembered  how  rude  and  bar- 
baroua  a  method  of  stimulHtiou  is  that  of  applying  electrodes 
to  the  surface  of  the  gR'V  matter  compared  with  the  natural 
stimulatiuii  which  titkes  place  timing  et-i-ebral  action  :  the  one 
probably  is  abt)Ut  as  mucb  alike  the  other,  aa  is  atritiing  the  keys 
of  tt  piano  at  a  dUtance  with  a  broomstick  to  the  execution  of  a 
skilled  musician.  Were  it  in  our  jiower  to  stimulate  the  cortex 
in  any  way  at  all  approaching  the  natural  method,  we  should  in 
sU  protmbility  arrive  at  two  K-sults :  on  tho  one  liand  we  should 
bo  able  to  produce  at  will  a  variety  of  muvcmentA  of  different 
degrees  of  complexity,  some  very  simple,  others  very  comjilex, 
and  for  tlicMO  we  should  have  to  use  names  suggested  by  the  char- 
actera  and  pur{>09u  of  each  movement,  and  oy  these  alone ;  on 
the  other  hand  we  should  find  very  decided  limitu  to  the  nnro- 
ber  and  kind  of  niovemenLs  which  we  could  evoke,  limits  fixed 
in  the  case  of  each  subject  partly  by  inherited  organisation, 
partly  by  the  training  of  the  individual. 

Some  such  results  of  refined  cxpcnmcntation  are  indeed  al- 
ready foiesliadowcd  by  the  rude  n-sults  of  our  present  rough 
methods.  The  movementa  which  u.iually  follow  stimulation  of 
the  motor  region,  ^nd  which  we  have  descrilied  aa  flexion,  \c.. 
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are,  bo  to  spenk,  tlie  oU-inentai-y  fatUtw  of  oidinary  bodily  move- 
mi'iiU,  llie(iptai;h<'di\mlim|)eift'ctohni'(i«of  a  inii»ii-al  piece;  and 
ill  lliv  fiillnwing  facts  reUtiiig  to  their  prodiiclioii  we  can  recog* 
nHv-  the  iiitlueiii'es  of  org^iinisati'tn  iitid  naliit.  As  we  have  aaia, 
stimulation  of  the  motor  iiiea  of  one  tii'itiisphoie  produces  move- 
ments, its  a  rulu,  wliich  are  Hniikrd  to  one  »idu  oi  the  hndy.  and 
that  th(!  ojiiKMitv  side.  Now  VhiiK  in  owi'selves  nrid  iu  thi-  liigher 
animals  «  liir<fe  iium1«>r  nf  iKMlily  iiiovemenis.  ei>]H:^i:inlly  of  the 
Umbs.  iii'C  haiiilu.'illy  unilateral ;  and.  putting  tt-side  tin-  ({iicstion 
why  thei*  xhould  l»e  two  halves  of  the  hrain,  and  why  the  one 
half  of  the  bi-ain  should  bo  associated  with  the  ci-oss  half  of  the 
body,  we  may  recogtiisc  iu  thetu  uuibitvtnl  crossed  movements 
resuUinGT  from  stimulation  of  the  hotIcx  in  Hccordance  with  natu- 
ral habits.  But  some  movcmi-Dt«  of  the  body  mis  ordinarily 
bilateral ;  the  two  eyes,  for  instauee,  aio  ordinarily  moved 
together,  and  the  two  widps  of  the  trunk  move  together  very 
much  more  frequently  than  do  the  two  fore  limbs  or  the  two 
hind  limlis.  And  in  aeeordaiice  with  this  we  lind  that  stimula- 
tion of  the  motor  area  for  the  eyes  on  either  hemisphere  produces 
movementji  of  both  eyes,  and  stimulation  of  tbe  trunk  area  of 
one  hemisphere  is  also  very  apt  to  produce  bilateral  action  of  the 
trunk  muscles ;  in  «ucli  itistanecs  the  movemeiit»  on  both  sides 
arc  quil«  nr)rmal  movement.  We  niny  incidentally  n-mark 
that  iviiKival  of  the  trunk  area  leads  to  a  goml  deal  of  Inlntvitil 
degeneration,  that  is,  to  degeneration  of  sli-anrU  in  the  pyramidal 
ti'ai^tsof  both  aides,  whereas  such  a  bilateral  degeneration  iscont- 
j)aratively  scanty  after  removal  of  tlje  leg  or  arm  area. 

That  it  is  the  movement  and  not  the  part  moved  which  is.  ao 
to  speak,  ropRseutcd  on  the  cortex  is  further  shewn  by  tbe  rela- 
tive miignitudc*  of  the  sevoml  eortiea!  arcjis  when  lliey  are' 
mapped  i>ut  ai-cordirjg  lo  parl.s  of  the  IkmIv.  The  area  for  the 
arm,  for  in»t;inee,  ef.  Figs,  ii'i,  124.  is,  so  to  sjieak,  enonuoua 
compared  to  that  of  the  trunk  when  the  relative  bulks  of  these 
two  parts  of  the  bodv  are  considered ;  and  within  the  arm  area 
itself  the  space  occupied  by  the  thumb  and  forefinger  and  di^ta 
is.  bulk  for  bulk,  out  of  proportion  to  llio  space  allotted  to  tho 
shoulder;  so  also  the  area  for  the  eyes  or  for  the  moulh  is  out 
of  proportion  lo  the  h'v/.k  of  those  orgitns.  But  these  relative 
ai^es  of  the  respective  areas  iM-cnine  intelligible  when  we  bear  in 
mind  relative  mobility,  iiinibleness  and  delicacy  of  execution ; 
in  these  resjiects  the  sfioulder  is  far  behind  tbe  thumb,  while  tbe 
eyes  and  mouth  surpass  most  other  parts  of  the  body. 

We  are  brought  yet  a  step  further  when  we  eompare.  in 
re.^pect  of  Ihc  cortieal  motor  region.  aiiininU  of  different  grades 
of  organisation;  and  the  result;!  thus  obtained  lead  us  to  the 
conclusion  that  the  motor  region  is  correlated  not  to  movements 
in  general,  hut  to  movements  of  a  [Mrtieular  kind.  Taking  in 
series  the  rabbit,  the  dog,  the  monkey  and  man,  we  Bnd  in  pass- 
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ine  from  one  to  the  other,  an  iociease  in  prominence  and  in 
differentiation  of  the  motor  region  uccompunied  by  an  increase 
in  the  bulk  of  the  m-mmidal  trtu-t;  luiKiiir;  tlii*  ninny  striking 
diffcrcHMS  Wtwccn  IJie  braiii»  *>f  liii;«c  scvltjiI  iitiimals,  these  two 
fciittirex,  the  iinireiuing  eom[jlexity  of  the  motor  rojjion.  nnd  th« 
increasing  nize  of  the  jiyninildal  ti-act,  are  among  the  mo^t  strik- 
ing. The  .line  of  the  pyramitUil  tract  is  itself  correlated  to  Uiu 
complexity  of  the  motor  reffion,  and.  Wing  the  more  easily 
determined,  may  he  used  as  indicating  both ;  the  difference  in 
the  size  of  the  pyramidal  tract  in  theitu  aninmls  is  seen  nil  along 
the  whole  length  of  the  ooni  (Fig,  183).  Now  tut  regards  mere 
quantity  of  movement,  if  we  may  use  such  en  expression,  the 
atfferences  between  the^e  animals  are  of  no  great  moment.  If 
we  were  In  take  the  amount  of  energy  expended  a.^  movement 
in  twenty-four  hours  per  gramme  of  miLtcle  present  in  the  body 
ID  ooch  of  the  four  cases,  we  slionld  certainly  not  tind  any  cor- 
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Fl«.  133.     DiAaRta  to  n.LtlTitiii;  niK   Rblatitb  Sax  or  t«x  riKAVnuL 
TiucT  IK  THi  Don,  MoKKKv  Asii  Ma^c.     (ShrrrinRton.) 

The  flpire  iihem  in  outline  the  iMvnit  liati  ot  Ibe  conJ,  at  lliu  lere)  of  tin 
tltth  ihonvip  nerve,  in  A.  Mnn.  B.  Mnukvy,  C,  Dog :  J  U  a  rejimi] action  of  i)*  fat 
I'Ir.  114;  /lantl  Care  drttwnnf  IheMknic  aiiU!  an  .4.  /V- ■''■'■■l*''lol>II<p>clyi  Ibft 
pf  nunlilil  trnri ;  t)io  <l«pth  ot  thading  Indlcatra  that  tlie  tniol  !■  moiw  crointed 
with  true  pviauiiilal  ttbnn  an  whU  as  larirer  In  A  ttian  In  /(.  »ii<l  in  B  tbaii  En  C. 
Id  P,  Fg'  i»  at)  Dtitlying  portien  of  the  pymuiilnl  Irai't  svgninili^t  (n>iu  the  tMt 
bjr  the  ccreboUar  tnet.  Pfji.  the  direct  ftyniniidal  Iratt.  pmetit  lu  nun  only. 
Thi!  grey  ni*tt«r  M«ms  rcUtlvnlf  large  In  C  bccauM:  tbo  M.-ctiiMi  nu  ukcn  Ir^ 
a  Tvrr  young  pU^f- 

resiiondence  between  that  and  tlie  sixe  of  the  pyramidal  tract- 
If  however  we  take  a  particular  kind  of  movement,  what  we  may 
perhaps  cjilt  Rkilled  movement,  that  is  movement  carried  out  by 
means  of  intricate  changes  in  the  central  norvoua  system,  we  do 
find  a  remarkable  parallelism  in  the  above  cases  between  the 
amount  nf  such  skilled  movement  entering  into  the  ihiily  life  of 
the  individual  and  the  size  of  the  pyriimiditl  tract.  In  these  two 
re^iiectH  man  is  much  above  the  monkey,  and  the  monkey  far 
above  the  dog.  We  may  oonelude  then  that  the  cortical  motor 
region  is  in  some  way  especially  concerned  with  the  kind  ol 
movement  which  we  have  called  'akUled.' 


I 


7C2 


RKIIOVAL   OF  CORTICAL  AKEAS,       [Book  m. 


§  487.  TIie!*e  itkillod  mnvenionte  are  l«  »  larRU  vxtvut, 
thmif;;h  not  wxohisively,  voluntary  niovenient^.  We  liave  in  a 
previous  .leotinn  seen  i«ason  to  Iwlieve  Umt  the  cerebral  oortei 
is  in  Home  iivay  esjieciallv  associated  with  the  development  of  J 
voluntary  movements.  I'utting  together  this  conclusion  am' 
thu  concluHioiis  jtuit  itrrivvd  at  we  iirc  naturally  U-d  to 
furthur  coiiclu»ioii  lluit  th«  cortical  motor  region,  with  tliel 
{(vmiiiidHl  triict  belonging  U*  it,  jilays  iiii  important  part  in  cariy- 
ing  out  voluntary  niovenii;nlA.  l)o  oilier  fact*  support  tht8 
view,  and  if  no,  what  light  do  they  throw  on  the  (jneslinn  iig 
to  what  p»rt  and  what  kind  of  part  tlie  motor  region  thus 
plays  ? 

In  this  connection  we  natui-ally  desire  to  know  what  are  the 
results  of  removing  from  nn  otherwise  intact  animal  tlie  whole 
tiiutor  region,  and  moii;  vspeeially  this  or  that  partieular  por- 
tion of  ii.  Mvfoi-e  proceeding  furthi;r,  howovrr.  wc  iriay  one* 
more  call  attention  to  the  caution  given  in  §  4.^7.  and  ri*t>eatcd, 
in  §  47tl;  indeed  when  we  consider  the  high  organiuition  and 
complex  functions  which  obviously  lielong  to  the  cortex,  when 
wo  bear  in  mind  that  it  apjieara  to  govern,  and  must  therefore 
be  bound  by  closv  ties  to  almost  all  the  rest  of  the  central  ner- 
vous system,  wc  mu«t  he  ]ii\'i>«r(!d  t«>  find  «ft«r  removing  a  por- 
tion of  t'0rl*x  that  the  pui-e  'deficiency'  phenomena,  tlioso 
which  reiiult  from  the  mere  ali^ence  of  a  piece  of  the  cortex, 
are  largely  oktcni-ed  by  the  other  effects  of  liie  operation. 

In  the  rabbit  the  results  have  been  almost  jmrely  negative. 
When  in  this  animal  the  part  of  the  cortex  which  may  be  con- 
sidered as  tlie  motor  region  is  removed,  nolliiug  remarkable  is 
observed  in  thu  movements  of  the  animal.  Wo  can  bardly  sup- 
pose that  the  Operations  of  thu  central  nervous  system  are  the 
same  in  an  openiti-d  ns<  in  an  intaet  antmul,  and  the  di(TerL-necs 
indu< 'id  oiiglit  to  he  betrayed  by  the  movements  of  Ihe  body- 
but  at  [iresent  they  have  eHcaned  oliservation. 

In  the  dog  tlie  removal  ot  an  area  is  followed  hv  a  Ions  or 
diminution  ot  voluntary  movement  in  tlie  corresiionding  part  of 
tlie  body.  When,  for  instance,  the  area  for  the  fore  hmb  is 
removed  from  the  left  hemisphere,  the  right  fore  limb  is  coro- 
pli'tely  or  parliidly  '  panilyied.'  In  carrying  out  its  ordinary 
niovement-s  the  operated  animal  makes  little  or  no  hkc  of  it« 
right  fore  limb,  Hnt  this  slate  of  things  is  tcrouomry  only. 
After  a  while  the  animal  regains  power  over  the  limb,  am)  in 
successful  cases  recovery  la  so  complete  that  it  is  impossible  to 
point  out  in  the  limb  any  appreciable  deviation  from  the  nor^ 
mal  use.  And  careful  e.xamnintion  after  death  has  sliewn  not 
only  that  tlie  aiva  had  been  wholly  removed,  but  also  that  there 
was  no  R'gonenitioii  of  the  lost  parts;  the  removal  of  the  coi^ 
t«x  leads  in  such  eases,  as  usual,  to  degeneration  of  the  corre- 
sponding strand  in  the  pyramidal   tract  right  away  from  tJie 
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ccrebinl  «tirfftco  to  the  eridiDf^  of  tlio  stnitirl  in  the  cervicnl  aud 
donwl  spinal  cord.  Nor  ciui  it  be  nig«d  in  Buoh  cases  that 
diffused  remnants  of  the  ai-tn  iiieit  liad  been  left  in  the  renmiii> 
ing  parts  of  the  motor  region;  for  the  whole  motor  region  has 
heen  removed,  and  yet  the  animal  haa  recovered  to  such  an 
extent  thiit  n  ciisual  olwervor  could  detect  no  difference«  between 
the  inovL'inciits  of  ihu  two  sides  of  the  body-  Closer  i-xaminu- 
tioii  did  ilisclose  LH^rtiiiii  inijierfvction-t  of  movement;  but  the 
operation  hud  involved  injury  to  or  produced  ohnngeit  in  struc- 
tures other  than  the  motor  region,  and  the  inifierfeetiona  might 
have  been  due  to  tlie  additional  damage.  Nor  can  it  l>e  urged 
that,  in  such  a  csise.  where  one  side  is  n?moved.  the  remaining 
hemisphere  titkes  on  double  futietinus:  for  the  grL-nter  part  of 
the  motor  arens  have  been  ivmoved  on  both  sidi'^,  and  yet  the 
aninmrs  muvumcnts  have  been  so  far  Apparently  complet«  that 
a  casual  oliMcrver  would  see  nothing  itti-ange  in  them.  Again, 
tiie  whole  niolor  regiim  ha.s  been  remove<l  from  one  hemisphere 
in  a  yonng  puppy,'aiid  some  time  later  when  the  movement* 
seemed  to  have  recovered  their  normal  condition,  the  removal 
of  the  motor  region  of  the  other  hemisphere  has  oroduced 
merely  a  rxtralyais  of  the  crossed  side  of  the  body,  auu  tliut  m 
bvfoni  only  of  u  tonipomry  character. 

Two  iliingK  have  to  lie  mjlcd  here.  In  the  first  place  the 
removal  of  an  aiva  does  affect  tho  movenicntii  whieh  are 
brougltt  altont  by  stimulating  that  area,  it  lead.s  to  their  dis- 
anpeamnce  or  at  least  to  great  diminution  of  them ;  and  thlt 
atrordd  an  additional  araument  that  the  connection  Iretween  the 
area  and  the  movement  i^  a  real  and  importiLnt  one.  la  the 
second  [thtcc,  the  physiolngical  effect  is  tcmponiry  only,  though 
tlie  nnatoraieal  results  nf  iJm  operation  atu  |>unnanent,  for  the 
cortex  in  never  rencwmi,  and  the  pyramidal  li-act  degenerates 
along  iu  whole  longlli,  never  to  lie  restored:  this  shews  that 
we  have  to  deal  hei'*)  with  events  of  a  verj-  complex  character. 
When  a  particular  movement  results  fiv>m  stimulation  of  the 
approjinate  cortical  area,  wo  may  be  sure  that  whatever  takes 
place  in  the  cortex  and  along  the  pyramidal  tract,  motor  im- 
pulses, duly  coordinated,  pass  along  certain  anterior  roots  to 
certain  mii.sc!os;  and  we  know  that  if  we  reuioveil  a  t^ufhctent 
length  of  t'ai-h  of  those  anterior  rootit  tltat  jtarticular  movement 
would  be  lost  for  the  rest  of  the  life  of  the  individual.  We  may 
theiwfoi-e  infer  that  the  events  which,  whatever  be  their  exact 
nature,  taking  place  in  the  cortex  and  along  the  pyramidal 
tract  lead  ultimately  to  the  is«uo  of  motor  impulses  along  the 
anterior  roots,  differ  essentially  from  the  events  attending  tlio 
trausmUsiou  of  onlinary  motor  impul$ci«. 

In  the  cose  of  the  monkey,  the  resultu  of  removing  part*  of 
tlw  cortical  mot«>r  region  have  not  l>een  so  acconlant  as  in  the 
caae  of  the  dog.     The  two  animals  agree  perfectly  in  »o  far  that 


1 


76-1 


COKTICAL   MOTOR   REGION   I\   MAX.     [Book  hi. 


tlic  removal  tif  i\  i)!irtii.iul:Lr  area  lead*,  as  an  immediate  result, 
to  t1io  loss  iif  the  c(irR>:^|)iiruliiig  movement;  Imt  while  in  some 
imtaiKreH  recovery  of  the  movement  has  in  the  monkey  as  in 
the  dog  after  a  while  taken  place,  ja  other  iiistiinces  th«  '  paral- 
ysis '  han  iippearod  to  be  iiemianent.  As  a  rule  thu  iiniulysisi 
caused  hy  a  large  letion  is  nut  only  more  vxli-nsivv,  l>ut  alxo* 
of  longer  dni-atiun  ihiiii  that  caused  by  a  small  one;  nut)  natuml 
bilatvrul  movcmunta,  as  of  llic  eyes,  reapiiear  earlier  than  iini- 
latATal  movements.  The  fai!W  however  within  our  knowledge 
relating  to  the  [wrmanenee  of  the  effect  are  neither  numerous 
nor  exai^t  enoujjh  to  juatify  at  present  a  definite  concUisiou. 
On  the  one  hitiui  the  positive  cases  where  recovery  has  taken 
place  are  of  more  value  than  the  ncgiitive  ones.  Biuce  in  the 
latter  the  recovery  may  have  be«n  hindered  hy  concomitant 
events  of  a  naturu  which  wc  may  cull  aoL'idental ;  mid  it  is  At 
least '( /triori  most  unlikely  that  the  pyraniiilal  tract  mechant^tu, 
if  we  niiiy  hw  the  exju'e.itsion,  thnngh  it  may  differ  in  the  mon- 
key and  the  dog  in  degree  of  development,  differs  so  esttentially 
in  kind  that  damage  of  it  leatls  in  the  one  case  to  pern)anent,j 
and  in  the  other  to  mere  teniponiry  losa  of  function.  We  may' 
add  that  we  should  further  expect  to  meet  in  the  monkey  with 
more  prominent  and  more  loi^ting  complications  due  to  the  sub- 
sidiary elTccts  of  tile  operation,  and  it  may  Ih-  <loubted  whether 
in  any  of  the  recorded  eKperimentj^  the  animal  iinit  be«n  allowed 
to  live  a  sufficient  time  for  these  suliHidiary  events  to  have 
wholly  cleared  away,  leaving  only  what  we  have  called  the 
'deficiency*  phenomena,  due  to  tne  loss  of  the  cortical  area 
alone.  On  tlie  other  hand  it  must  be  rememliered  that  the 
movements  of  the  monkey  arc  more  intricate  in  origin,  more 
'  itkillcd '  than  tliOHo  of  the  dog ;  it  may  be  that  diltcrenci-s  in 
the  cbamctcre  of  movements  dclcrmine  the  possibility  of  their 
recovery!  and  undoubt«il!y  the  ooai'ser  movemenl^  return  first, 
the  tiller,  more  skilled  moveinent-t  leajipear  later  or  not  at  nil. 
Thua,  after  the  removal  of  an  arm  area  in  the  monkey,  a  cei^ 
tain  awkivardnesa  iu  the  movements  of  the  thumb  \a  one  of  the 
lasting  effects  of  the  operation. 

§  488.     So  far  we  Imvc  sjioken  of  changes  in  movements 
if  these  were  the  only  effects  jiroduccd  by  removal  of  the  motor ' 
area  or  of  parts  of  it.     HuC  as  a  matter  of  fact  changes  in  scii- 
sationij  are  as  prominent  i-e.suUs  of  sueh  upcrntiont  as  changcaj 
in  movements,  and  thi.s  fact  n[ient)  up  n  different  view  of  the' 
matter.     Before  however  we  jtroceed  any  further  in  the  discus- 
sion, it  will  be  of  advantage  to  turn  aside  to  what  ia  known 
concerning  the   cortical   motor  region   iu   man.     As  we   have 
already  said,  theoretical  coitsiderations  lead  us  to  believe  that 
the  corticnl  motor  region  in  mnn  is  disposed  in  accordance  witl 
llie   plan  iif  the  aiitliroptnd  ape  as  ascertained  ex  [jcri  men  tally, 
but  with  the  differentiation  carried  still  further;  and  obscrva-^ 
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tion  supports  tliis  view.  On  the  one  hand  in  certain  cases  (nm\ 
the  nuinlxtr  of  tliesie  is  incieAttinf^)  il  has  been  jHxuiible  to  ap- 
ply an  electric  current  to  the  human  brain  laid  bare  or  covered 
only  with  the  membranes :  the  results  obtained  (Ustinctly  coi^ 
robonitc  tli«  ubovu  view.  Wv  may  note  in  psLssing  thnt  in  such 
CAscjt  it  hiw  Iwtii  fuuiul  neei'jwary  to  apply  «  rulativuly  stroiifj 
current.  On  tlic  oIIht  hand  conolKtraiioii  18  nbo  afforded  by 
case.-*  of  illMt^iLse,  by  the  pht.-iioiiieiia  ni tending  circnmsciibi'd  iitTec- 
tionti  of  the  oorlex.  auch  an  tiimouni  and  the  like,  and  thnt  in 
Bpite  of  the  advantages  of  dealing  witJi  one  of  ourselves  being 
counterbalanced  by  the  disadvantages  due  to  disease  being  so 
often  anatomically  diffuse  and  physiologically  changeful  and 
progressive. 

We  s.tid  above  that  iliiring  vxi>enTnents  on  animals  stimu- 
lation of  imy  piirt  uf  the  mutor  ivgion  may  under  abnormal 
conditinnH  load  to  general  ejiileptifonn  convulsions.  Now  clin* 
ical  study  \\nn  sliewn  that  in  man  i^rtain  kinds  of  epileptic 
attacks  are  of  similar  cortical  origin.  In  tJiese  cases  it  has  been 
ohserverl  that  the  attack  begins  in  a  particular  movement,  by 
contractions  of  piirticnlar  muscles,  or  of  the  muscles  of  a  pai^ 
ticular  region  of  tlio  body,  of  tlic  hand,  foot.  toe.  thumU  &c^ 
and  then  spreads  in  u  dvhnitc  order  or  'march'  over  lliu  mu»- 
cles  of  other  regions  until  the  whole  body  is  involved.  When 
in  an  experiment  on  an  aninuil  epileptiform  oonvubiionit  super- 
vene, they  similarly  start  from  the  region  of  the  body,  the 
motor  area  of  n'hien  ia  beneath  tlie  electrodes  at  the  time,  and 
siniihirly  spi-ead  l)y  a  definite  'march'  over  the  whole  body. 
Ilcncc!  in  the  hunuin  epileptiform  attacks  of  which  we  are 
speaking,  it  baa  been  inferred  tljat  the  immediate  exciting  cause 
of  the  attack  is  to  be  sought  in  events  taking  place  iu  that  part 
of  the  cortex  which  servos  aa  the  area  for  thu  movement  wfiich 
ushers  in  the  attack.  Further  inquiry  has  not  only  confirmed 
this  view,  but  has  also  shewn  that  the  topography  uf  tlie  corli- 
cal  areas  in  man,  as  thus  determined,  very  closely  follows  that 
of  the  monkey. 

Other  diseases  of  the  cortex  have  been  marked,  among  other 
symptoms,  by  toss  or  impairment  of  particular  movements.  Id 
moAt  of  sucD  cases,  th«  cortical  lesion  has  been  of  such  no 
extent  as  to  involve  a  number  of  special  areas  at  the  same  lime, 
and  so  ti>  butd  lo  loss  or  inipairmunt  of  movement  over  relatively 
considerable  regiiuis  of  the  Ixnly,  sueh  M  the  whole  of  one  arm ; 
and  in  general  the  ti^aching  of  these  ea-*«s  of  disea."*',  while  con- 
firming the  deductions  from  the  monkey,  and  giving  us  some 
generu  idea  of  the  tojmgraphy  of  the  human  motor  cortical 
region,  has  at  present  given  us  approximate  results  only.  Figs- 
186  and  137  siiuw  in  bi-oad  dingniuimatic  manner  the  position 
and  relative  extent  uf  the  uKitor  areas  for  the  log,  arm  and  face 
iu  man,  so  far  as  has  yet  boon  ajwerlained.    To  assist  tba  reader 
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we  ^ve  At  the  Mtine  time  diagrams  Figs.  13-1, 135  illustrating 
the  notneiicUture  of  the  surface  of  the  hiiroan  brain. 
•  One  area  is  of  snccial  and  instructive  intoiest.  Speech  is 
ao  eminently 'skilled' movciueiit.  \V«  have  lieeii  that  in  the 
monkey  the  ari-ii  for  thu  moulli  imd  tongue  liei>  at  the  ventral 
end  of  the  CenU-.il  IWuru  nr  Tuwiire  of  KolaEidu,  vciitnil  to  ihc 
itrm  art-a,  and  that  the  exli-enn;  venti-al  anrl  fi-ont  jiart  of  thv 
motor  region  just  almve  the  liiwure  of  Sylvius  »umilies  au  ai-ea 
which  we  marked  as  that  of  phonation  (Kig.  12:1).  lu  the  monkey 
tJie  area  of  phonation  is  determined  by  esi)erimentn.l  stimulation ; 
iu  man,  in  a  similar  position,  un  the  tliii-d  or  lowest  frontal  con- 
volution, sometime?;  ealled  I!nieu'»  eonvtjlution,  veutnil  to  and  in 
front  of,  and  imibably  nverlapping  tKu^kwanls  the  area  which  in 
Fig.  18li  i8  inark^-d  *faoi^'  and  wiiich  includes  Uie  mouth  and 
tongue,  clinical  study  has  diaclo^ed  the  existeuc«  of  au  area  which 
may  Ite  spoken  of  as  the  area  of  *  speech.'  Lesions  of  the  cortex 
in  ihU  ai-ea  c:iuse  a  loss  of  or  intcrfeFence  with  speech,  the  con- 
dition being  known  as  ap/utiia  ;  to  this  we  shall  presently  rcturu. 
In  Fig.  13t>  this  area  is  sliewn  in  an  nppi-oximate  manner. 

The  movements  of  .speech  are  essentially  bilateral  movemtiuti. 
In  (he  <iog  and  monkey  various  biUt«r.al  movements  ni."iy  be 
excited  by  stimnlation  of  the  appropriate  area  in  either  hemi- 
sphere ;  and  analogy  would  lead  us  to  suppose  that  in  man,  the 
movements  of  speech  would  be  connected  with  the  sj^ech  area 
in  both  one  and  tli«  other  hemisphere.  The  results  of  kisions 
however  shew  that  it  is  in  most  eases  especially  the  left  hemi- 
sphere which  is  cnnneeted  with  speech ;  it  is  a  lesion  in  the  third 
frontal  oonvolution  of  the  left  hemisphere,  oft«n  iUMoeiat^^d  with 
otlier  lesions  of  the  same  hemisphere  leading  to  jtaralyius  of  the 
right  side  of  the  body  and  fat%,  which  caiise-t  aphasia,  it  being 
omy  in  exceptional  cases  that  the  condition  results  from  a  lesion 
of  the  correapontling  area  of  cortex  on  the  right  henusiihero. 

In  man.  then,  clinical  study  corroborates  the  conclusions 
deduced  fiom  the  exjjcri mental  investigation  of  the  dog  and  of 
the  monkey,  but  still  leaves  us  tn  uneortiiinty  as  to  the  question 
what,  and  what  alone  arc  tli«  absolutely  pormaneut  efTt*ct«  of 
the  loss  of  «  cortical  area  and  of  nothing  else-  On  the  one  hand, 
in  the  cases  in  which  recovery  of  a  movement  follows  upon  its 
loss  or  impairment,  it  is  open  for  us  to  siippo-ne  that  the  lesion 
itself  was  tem|Hirary.  and  that  with  the  cure  of  the  mjilady  the 
cortical  area  regained  its  normal  condition.  On  the  other  luind. 
whci'e  the  disease  continues,  the  permanency  of  the  loss  of  any 
movvmont  may  be  nilribntvd  U>  the  di;<>easc  doing  tiioiv  than 
mervlj'  suspend  iht;  function  of  the  cortical  aren>  A|>l)asia, 
especially  in  young  per.so[is.  has  l>e«n  followed  by  recovery,  but 
in  such  rases  it  has  been  supposed  that  the  dormant  area  on  the 
right  side  has  been  awakened  to  activity  by  the  loss  of  the  left 
area;  and  in  support  of  this  view  cases  have  bean  leoorded  iu 


Ptn.   I'lh.     Tmr  ukb  oh  TiiK  MKStii.  Shrmcb.     (Gomn.) 
In  both  tIjiurM  lL«i  tnilci  a,rv  luiiicaUKl  by  It&llc  and  Uio  coufulutiOAS  by 

The  following  lUl  at  •otnc  nynonytnii  nuiy  prrhapa  be  of  one  In  (Connection 
with  tlMna  Ite'iTM  And  thnw  of  (tin  bntlii  ot  thn  nuinkcy,  FlgR.  l::3,  y'4, 

Oyrl.  or  Conmlulioiu.  PrvL-eotial  or  ftntrri'.ir  «<fRtral  =  a«c«TMli[iK  ftoutal, 
PoMo.'ntnilorpoahTioriwDlrnI  =  aacriuUim  uarifUil.    Superior teuipornl  =  Jnlra- 

of  Kull.  I'lracpntrnl  lubulc  =  ihp  mrklAl  Imec  of  tlir  iiKi-nding  frontal,  within 
tho  mnrKlnfll  KTnaa.  Clnjculutn  =  tlw  jNtrl  of  thv  gjran  UimieAttu  wblcb  adjoins 
ttin  Cofpua  uMlMnu.  Gynu  Hippoctimp4  =  anelnnt'  gyniK,  iIkiucIi  tli«  lutter 
Bame  Is  «Hu«i4iDat  natrleied  U>  tbi;  fronl  wut  at  iliv  tiippK-auiixU  (cynu ;  tliv  ino 
Buy  be  oonddcTMl  u  ■  eontlmiftlloii  of  Uie  gy"-'"^  furnicata*,  and  tlic  thne 
Cugellier,  (arming  ft  ncrlot,  liAvn  bwi)  CAlled  '  Itic  grc«t  limbic  lobtt.' 

SmIcI  »t  Fiuvrfi.  Ccnintl  =  Kolandtc,  or  (A  Roluiilo.  Fttrpendlcitlar  a 
p>rieii>~ncdiiiul.     parii-tat  =  iniratMUieial  orMDMUmM  luuiparleuJ. 

TeiUii>vrt>«pJii-iujUliil  lobe  =  CuiniKiral  lobe. 


\ 


768  CORTICAL   MOTOR   REGION    IN   IIIA>'.     [UooK  in. 


e-.r, 


ifi 


OcA 


'e^lft^ 


■AC  EL/V' 


rr.L 


TtXr- 

Fio.  138.  Tim  Latkiui.  SirnffAOK  or  thk  Uioirr  CKntiiUAi.  IttxismfiitE  ot  Max 

tX  orrUKK,  TO  II.I,l:i>TRATK  HIE  CnRTICAL  AUKA*.        lil^UllCl^ll  ftOtU  UdtUTG. 

'J'lip  position  of  till)  tiiva*  ■>(  ihi-  cones  coiicernril  with  movtiiimiis  at  tha 
brcf,  arm,  aud  lt<K.  uud  nitb  llii?  Heiuics  i>f  nielil  nixl  lii-iiTiiii:  &rv  approiiiaatel; 
•hewn.  Tlw  poBitioii  cf  the  an-B  coiiiii'Mwl  with  npeecli  i  BvM-n'a  peutrc)  U  «Uo 
shewn  for  tlin  Kitkc  nf  coiii|)ari*on  of  it  vtiih  thr  poalLloii  <if  tin.-  otbi-r  atnu; 
Ihc  KprcsenlAtliin  of  speech  in  the  cnrtcx  wrcbrl  lli-«  howcvnT  In  liui  Irjt  homto- 
|)li«ro  chieAy. 

Off,  i.  Oooipilal  lube ;  Fr.  L.  Kruulnl  lotip  ;  7>.  £.  TciuporaJ  lobe ;  Ry.  f. 
Ihi?  fiwun.'  o(  Syiviui  ;  C.f.  xiw  rt^iitrj)  tiBture  ( liriliiiulicj  ;  Cm.  /.  iuilicatcn  tbo 
position  ol  the  posterior  eiid  ol  the  calluKO-margiiiul  liMiirc. 
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Tr.L 


lOcL 
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Te.L 
Fio.  I3T.  Tiik  MsgiAi.SiiRfACi  or  the  UiitHT  C>RKi>nti.  IlEiiiipnRRt:  or  Mas 

IK  OLTTLIKK.  TO  II.LVHTKATK  IKC  COKTICAL  AKCAH. 

Th«  arrus  ihi-wn  nr<-  tlicuv  onnni.-cUsl  villi  tlie  worcmeuU  of  the  kg.  Mid 
vtilb  the  sense*  of  alfthl  mid  cinrl!. 

fr.  L.  Ihfl  fnintfti  pi>!e  nl  the  lii-mlsplnTe;  Oo-  L.  tlie  occi|>iial  pi:>le,  TV.  £. 
the  t^'DipitraJ  i>Di«<.  Cm.f.  ilie  cfillueo-nianiiiial  tlx^iir*  ecpamiiie  thf  ituncinal 
^ruB  iiIhivi-  fnisi  tlie  ^nu  furniCHtiin  (h'Iow.  6Y.  niiirki  thp  niiuntion  of  tbo 
ccnlrnl  fiitinire,  the  fiBtuiv  Iturlt  not  beinc  nppnrrtu  on  the  iiin>i«l  wtprct  ol  ihg 
hnmliq^ere.  Tha  CMpu*  cullanun  ftnd  tha  ftiiterlor  commliuiura  ai*  Mm  tn 
croM  section. 
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which  a  first  aphasia,  tluo  to  a  tcniou  on  the  left  side,  has  bc«u 
followed  liy  a  «ecoiiil  aphasia  diio  to  a  sequent  lesion  oceiimiis 
on  the  ri^hl  fido-  On  lli«  whole  perlmgis  the  cviileiK^e  of  i-liiii- 
cal  8tii(ly  teiidii  to  shew  that  in  man  the  loiss  of  nuivemnnt  due 
to  the  destruction  hy  dini^ai^e  of  an  area  is  a  [leituanent  one, 
though  actunl  demoiistratioii  of  this  is  wanting. 

§  489.  Wc  niiiy  now  leturti  to  the  discuiusion  of  tlie  ques- 
tion, what  is  the  puit  jilaycd  by  a  motor  area,  and  hy  the  coa- 
trihuliou  f]-oiii  that  area  to  the  pyramided  tract  iu  eairyiiig  out 
the  movemenlii  with  which  the  ai-ca  i«  awiociatetl? 

We  may  pi-emiite  that  the  evidence  points  very  dititJnctly  to 
the  eoncluaioit  that  whatever  be  tlie  nature  of  the  whole  ehaiu  of 
events  of  which  the  conical  area  seema  to  be  a  sort  of  centre, 
the  fibres  of  the  pyramidul  tract  nerve  as  the  channel  of  |<rocesses 
which  we  must  regard  iis  efferent  in  nature.  The  chanielcrs  of 
the  fibriM,  axis  cylinder  processes  terminating,  so  far  as  wu  ean 
Muertaiii,  in  connection  with  motor  cells,  the  fact  that  the  degen- 
eration of  the  Bhres  w  a  descending  une,  ihongh  this  eannnt  be 
trusted  by  itself  to  prove  that  llie  diiection  in  whieh  the  fibres 
carrv  impulses  is  only  that  fronijthe  cortex  downwards. and  almve 
all  trie  fact  that  when  the  fibres  of  the  tract  are  stimulated  at 
any  part  of  their  course,  movements,  the  signs  of  the  occurrence 
of  efferent  centrifugal  impulses,  aiw  produced,  these  things 
together,  leave  no  doubt  as  to  the  tract  Wing  oue  of  efferent 
fibres.  Hence  we  may  infer  that  whatever  be  the  nature  of  the 
events  taking  place  in  a  motor  area  during  the  carrying  out  of 
a  movement,  the  part  played  by  the  tiliies  nf  the  pyramidal  tract 
is  lliat  of  carrying  efferent  impulses  from  the  area  to  the  rausclea 
concerned. 

TfCt  us  consider  first  the  tnovements  of  speech  in  man,  the 
evidenL>e  touching  the  eoimcctiou  of  which  with  an  area  on  tlw 
tturd  frontal  eonvolutitni  appears  so  very  clear.  S^wech  is 
eminently  a  'skilled'  mowment ;  it  involves  the  miMt  delicat« 
coordination  of  several  muscular  conti-nctions,  and  we  may  cer- 
tainly say  of  it  that  it  has  to  Ih*  '  learnt.'  'I'he  whole  chain  of 
coorainated  events  by  which  the  utterance  of  a  sentence,  a  word, 
or  any  vocal  sign  ia  accomplished  consists  of  many  lioka,  the 
breaking  of  any  of  which  will  lead  to  failure  of  one  kind  or 
aiinllter  in  the  act.  Si>mething  may  go  wrung  in  the  glocssial  or 
other  muirles,  in  the  nerve  endings  in  th'we  muscles,  or  in  the 
fihri's  of  the  nervcji.  hyiHtgliKtal  and  others,  between  the  central 
nervous  system  and  the  mu^icles.  or  something  may  go  wrong  in 
Utat  part  of  the  central  nervous  system,  the  bulb  to  wit,  in  which 
»  certain  amount  of  coordination  is  earned  out  just  pivvioua  to 
the  issue  of  the  motor  impulses.  Damage  done  to  any  of  these 
parts  of  the  meohanism  may  lead  to  dumbness  or  to  imperfect 
speech.  In  the  latter  wise  the  im|K-rfeclioiis  have  a  certain  char- 
acter; if  we  are  at  all  abl«  to  g.tther  the  wish  of  the  speaker, 

49 


770 


VOLUNTARY   MOVEMEM'S. 


[ItuOK  lU. 


we  reeogniiie  Umt  ho  is  ult<iiiipliiin  tu  utu^r  the  right  word*  in 
the  right  sequence,  but  tliat  liis  etturUs  are  friuttrated  by  imper* 
fvct  coordination  or  irajierfQct  miiHciilnr  artion;  his  speech  is 
'  thick.'  the  syllables  are  blurred  and  the  like.  Disease  of  the 
bidb  at  times  leadn  to  imperfect  speech  nf  this  kind  in  which  the 
imperfection  may  be  recognized  lis  due  to  the  hick  of  iiroper 
coordimilion  of  motor  impnUus.  Hic  iiffcction  of  speech,  kiiuwii 
a»  ' ttplitisia,'  nhiclt  is  c^iusud  by  lesions  of  thu  cortex  is  of  a  dif- 
fereiit  character,  and  the  forms  of  imperfect  speech  caused  by 
bulKir  dUeaxe  hitve  ju-slly  been  distingnisbed  from  true  aphasiit 
bv  the  use  of  other  ternitt.  ("nses  of  complete  aphasia  in  which 
all  power  of  speech  is  lost,  do  little  more  than  help  us  to  ascer- 
tain the  topographical  position  iii  the  cortex  of  the  •  speech  '.urea, 
but  cases  of  partial  apmisia  are  especially  instructive.  Without 
ntt«mpting  to  go  into  the  dut^iils  of  thij  subject  and  into  tlie 
muny  confide  rat  ions  which  have  to  be  hail  in  mind  in  dealing' 
with  it,  for  ihcie  nrc  diff«i«nt  kinds  of  aphasia,  we  may  venture 
to  say  that  thu  striking  f<^-ature  of  partial  aphasi;i  is  the  failure 
to  say  certain  woiils  or  .lyltahles,  and  the  temlency  to  substitute 
some  wione  word  or  syllable  for  the  right  one.  The  words  or 
syllables  which  are  uttered  are  rightly  pronounced  without  dcfuct 
of  articulation  ;  and  in  many  cases,  though  the  right  word  can- 
not be  produced  as  a  direct  effort  of  the  will,  it  may  he  uH«r«l 
under  the  iullucncu  of  an  emotion,  or  indeed  sometimes  as  the 
result  of  sonn;  psychical  processes  nifire  complex  than  Ukhc  in- 
volved in  the  mere  volitional  t-ffort  to  say  the  word.  .An  instruc- 
tive case  is  recorded  of  a  man  suffering  from  slight  aphasia,  who 
after  several  f,ailnres  to  »fay  the  word  *no'  by  itself,  at  last  said, 
*I  can't  say  no.  sir." 
y  From  the  phenomena  of  partial  aphasia  we  may  on  the  one 
haiid  draw  the  deduction  that  the  cortical  speech  area  does  not 
carry  out  the  whole  of  the  coordination  of  the  impulsex  involved 
in  articulation.  That  eoorditmtion  is  exceedingly  complex,  and 
we  ought  perhaps  to  recognize  in  it  more  than  one  degree  or 
kind  of  coordination.  We  miLst  of  course  admit  that  a  great 
deal  of  coordination  of  a  certain  kind  takes  place  in  the  cortex, 
for  the  bulb  cannot  by  itself  lie  made  to  speak.  But  the  faUure 
of  articulation  in  disease  of  the  bulh  shews  that  a  certain  amount 
of  coordination  takus  place  there  also;  for  the  affections  of  s[>ceeli 
due  to  bulbir  disease  ai'e  not  the  same  as  those  n'SuUing  from 
the  mere  less  of  this  or  that  niusele  or  nerve.  The  woril  spoken 
does  not  start,  so  to  s|«eak.  i-esuly  made  in  the  cortex;  it  is  not  that 
ft  group  of  impulses  stail  from  the  cortex  with  their  coordination 
fully  achieved,  and  [lass  along  certain  nerve  fibres  to  certain 
muscles  making  their  way  without  change  through  the  tangle  of 
the  bulb,  as  if  this  were  merely  a  bundle  of  lines  offering  paths 
for,  butexorcisitig  no  influence  over  the  impulses.  We  must 
nthflr  suppose  that  somcthiug  takes  placti  in  the  cortex  of  the 
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third  frontftl  convolution,  an  ihe  result  of  which  efferent  impulse* 
VKiSin  atotig  tlie  appropriate  libi-es  of  the  prramidal  ti'act  to  the 
buD),  and  therc  Htart  a  Heiies  of  events  leading  to  the  issue  of  the 
cooidinatiad  impulses  by  which  the  word  is  aimkoii.  And,  since 
we  have  no  rc;ison  to  think  that  the  curticnl  iireii  for  speech  differs 
in  its  fmHtiinit.'nt.iLl  L-hamirlunt  from  otliur  <livi«iuns  of  the  motor 
region,  wu  iniiy  iipply  tin;  sftiiie  n^asoninjj  to  other  motor  iirotut. 

Uu  the  other  hiuid,  the  phenomena  of  aphakia  illustralo 
Another  view  of  the  nalnre  of  the  motor  areas  to  which  we  must 
now  turn.  We  said  that  there  are  different  kinds  of  aphasia. 
We  may  in  a  bi-oad  wav  distinguish  two  classes.  In  considering 
speech  we  hiivo  to  deal  on  the  one  hand,  with  the  effeivnt  ninlor 
nctora,  the  framing  aiul  iitteranL-e  of  the  word,  mid  on  the  oiher 
hand  with  Ihe  aiTcrvnt,  in  u  hnxid  M-n»e,  sonKory  fiiclon!  which 
lend  111  iind  guide  the  fniming  of  the  woM.  And  in  aphuitis  we 
may  recognize  a  cla^s  in  which  the  faihire  is  on  the  motor  Hide 
of  the  business  etn  to  speak  and  a  class  in  which  the  failnre  is  on 
tht?  afferent  side.  The  dumbness  of  those  who  are  liom  deaf  is 
an  extreme  illustnition  of  the  latter  class.  Now  as  we  said  alK>ve, 
when  a  so-cidled  motor  area  is  rt-moved  from  the  cortex,  the 
results  arc  not  purely  motor,  that  is  to  say  the  loss  or  impair- 
ment  of  movement  is  rmt  the  only  effect ;  a  toss  ur  im[)uirment 
of  ifCRsation  U  aUo jn-oduecd  in  the  iiart  of  the  bodVi  the  move- 
ment of  which  IK  nfti^oled.  When,  for  instance,  in  the  nmtikey 
the  area  for  iht*  arm  is  removed,  not  only  is  the  (irni,  for  the  time 
being,  paralyzed,  hut  also  the  animal  does  not  shew  signs  of  sen- 
sation, or  shews  only  feeble  signs  of  sensation  when  the  skin  of 
the  arm  is  pricked  or  otherwise  stimulated.  And  so  with  other 
areas.  In  all  eases  the  loss  of  movement  is  ttcconiiuiiicil  by  a 
corresponding  loss  of  sensations,  of  tactile  sensMtiims,  of  seitsa- 
tions  of  licat  and  cold,  and  even  of  pain.  And  tJie  loss  or  imimip 
meiit  of  sensation  runs  more  or  less  parallel  in  point  of  time  to 
the  loss  or  impairment  of  movement,  and  shews  the  same  ten- 
dency to  he  in  part  lasting.  Moreover  in  the  eases  mentioned 
above  where  it  has  been  possible  to  stimulate  the  cortex  of  the 
human  bnitn,  and  M'here  this  has  been  done  while  the  subject 
wiu  conscious,  tliu  production  of  sensation.^,  often  dcscribe(l  w 
tingling,  in  the  part  of  the  Imdy  corres|w^riiling  l4>  the  inarticulnr 
area,  has  been  at  least  as  striking  a  re>nlt  as  the  production  of 
movement  in  that  [«irt.  And  this  is  in  harmony  with  the  fa4't 
tliat  in  epileptic  attacks  which,  as  we  said,  illustrate  the  action 
of  cortical  areas,  the  movements  which  are  the  objective  factors 
of  un  attack  are  preceded  by  peculiar  sensations,  the  so^alled 
'aunt,'  and  these  equally  with  the  movement  have  definite 
relations  1o  the  area  of  the  cortex,  disease  of  whioli  ca»»C4  (he 
attack.  In  fad  there  is  increasing  evidence  that  the  region  of 
the  coi-tex  which  we  have  called  the  motor  ai-ea.  is  connected 
not  only  with  the  movements  carried  out  by,  but  also  with  the 
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sensations  derived  from  the  several  parts  of  the  body ;  wo  seem 
justilied  in  speaking  of  a  topograptucal  diBtiibution  of  cortical 
"SBiisory  "  urcus.  if  wo  may  ko  cull  thvni,  following  very  closely 
thai  of  thu  iiiotur  niviis;  and  we  know  tiiat  by  the  nuiiien>u« 
fibres  passing  from  the  cort^-x  to  the  nptio  t)inliiniii?i,  if  not  in 
other  ways,  ;in  anatomical  path  appeals  to  Vw  afforilmi  for  sen- 
sory impubips.     Hut  lo  this  point  we  shall  return  later  on. 

Meanwlule  we  may  conclude  that  the  loss  of  movement  whiuli 
(ollows  the  removal  of  a  motor  area  is  not  due  merely  to  tlie 
insa  of  motor  clvniunts,  it  may  be  as  much  due  to  the  loss  of 
sensory  elements.  Indeed  it  has  been  ninintaincd  b^'  some  that 
the  loss  or  ini^mirnient  of  movement  in  (]uestiiin  is  not  a  motor 
UiHiness  at  all,  lint  is  simply  due  to  a  loss  of  the  mnwular  sviisc. 
We  hftVR  seen,  however,  reasons  for  thinking  that  the  pyramidal 
tract  lA  certainly  an  efferent  tract,  and  injury  to  it  in  ils  Wgin- 
ning  in  the  cortex  must  lead  to  failure  of  efferent  impulses. 
Moreover,  though  removal  of  the  cortex  docs  ap})e!ir  to  interfere 
with  muscular  sense,  it  also,  nn<l  even  more  elearly.  iutcrferas 
with  culMncoiw  iiiul  (itlier  sensation!!.  The  eotiehision  u'hict 
we  ought  to  draw  from  the  altuve  facts  is  perhaps  rather  this,' 
that  the  i-elatinns  of  the  cerebral  eojU^x  are  manirokl,  and  that 
the  can-yinc  out  even  of  a  simple  voluntary  movement  is  a  very 
complicated  matter ;  even  if  we  assume  that  the  cell  in  the  cor*] 
tex  giving  origin  to  a  libre  of  the  pyramidal  tract  is  in  nature  a 
motor  cell,  we  must  also  reeognizc  that  its  work  is  determined 
by  ties  which  bind  it  to  other  elements  of  the  cortex  and  through 
them  to  other  parts  of  the  nervous  systi*m  anil  indeed  of  th« 
body-  Tiie  connections  of  a  sensory  nature  between  a  motor 
ai'ea  and  the  )>art  to  whose  movements  it  is  related  is  Rtrikinj*]y 
she^m  bv  results  which  may  make  their  appearance  when  sttmu* 
lation  of  the  cortex  is  carried  on  while  the  animal  (dog)  is  in  a 
particular  stage  of  the  inlluence  of  moqihia.  If  ii  subminimal 
stimulus  be  found,  that  is  a  current  of  sueh  intensity  that  applied  j 
to  a  motor  area  it  will  piixliice  no  movement,  but  if  increiised' 
ever  so  slightly  will  give  a  feehle  emitrantjon  of  the  appropriate 
muscles,  it  may  be  observed  tliat  a  .slight  stimulus,  such  as  gently 
stroking  the  skin  over  the  muscles  in  question,  will  render  the 
previous  subminimal  stimulus  effective  and  so  call  forth  a  move- 
ment. Thus  if  the  area  experimented  on  be  that  connected  with 
theliftingof  tho  forepaw,  and  the  subminimal  stimulus  Ix*  applied 
to  the  area  at  intervals,  after  seveml  ajiplicatioiis  foHowcd  by  no 
raovenieuus,  a  gentle  stroke  or  two  over  the  skin  of  the  paw  will 
lead  to  the  paw  l>eing  lifted  the  next  time  the  stimulus  is  ajtplicd 
Ifi  the  area.  A  similar  result,  but  less  sure  and  striking,  may  fol- 
low upon  the  stimuhiti<m  of  parts  of  the  body  other  Chan  the  part 
corresponding  to  the  area  stimulated.  Then  again  it  has  been 
observed  that  in  ccrbtin  other  stages  of  tho  inSuenceof  morphia, 
the  cortex  and  the  rest  of  thv  nervous  system  are  in  such  a  con- 
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ditioQ  that  the  application  of  even  a  ntoiuentary  stimulus  to  an 
area  leads  not  to  a  simple  movvmeitt  but  to  a  long-con  tin  ued 
tonic  contrnctioii  of  tli«  iippropniitv  musclus.  Under  tlirau  cir- 
cuin:iUnc(.-9,  ft  jjcnllc  siiuiiiliiis  sucli  as  stroking  the  skin,  or  Wow- 
ing on  thu  face,  applied  ininu-diateiy  afu^r  lli«  application  of  the 
eiectrio  8tiimiluji>  to  the  area,  suddenly  cuts  ahort  the  contraction, 
and  brings  the  muscles  at  once  to  rest  and  normal  tlaccidity. 

§  490.  The  carrying  out  of  a  voluntary  niovcniL-nt  is  in  fact 
a  very  complex  procwding.  and  tbc  motor  corti^x  ivitli  tlic  pyiii- 
midal  tntct  is  only  one  part  of  the  wbolu  incelianisni.  This 
com]ili-xity  is  ilUwtrated  by  th«  fact  that  after  rtjnioving  of  a 
motor  ai-ea  not  only  purely  volnntitry  but  altto  reflex  and  other 
ZDOvements  are  for  a  while  alxili»hed  or  impaii'ed;  and  even 
amking  every  allowance  for  the  effects)  of  ■  suock '  ($  4aT)  we 
Cftnnot  account  for  the  latter  to  the  exclusion  of  the  former,  by 
ap|K-jLling  to  such  effects.  It  is  fuilhcr  shewn  by  the  fact  that 
in  the  case  of  must  voluntary'  movements  at  least,  nfter  removal 
of  an  area  iveovery  i*  after  a  while  ctimplete,  though  there  is  no 
regeneration  either  of  the  area  or  the  strand  of  the  pyminidul 
ti'act  belonging  to  it;  the  will  find:^  »ome  other  way  to  the 
muscles  BJiu  to  raechaniHrn  coordinating  tlie  movements  of  ihoiie 
muscles.  By  the  following  reflection  the  complexity  of  the 
matter  is  also  shewn  in  a  different  direction.  When  a  gymnast 
Hxeeules  a  skilled  voliinlivry  movement  in  which  all  his  four 
liml»  and  other  piirts  an  well  iwrlmps  of  his  Ijudy  are  involved, 
it  is  prolwibly  the  case  ihat  changes  of  the  nature  of  eiTei^-nt 
impulHeK  Mweep  down  hii<  pyraniithil   ti-ant,  and  tliac  the-te  ini- 

Eulses,  starting  in  a  definite  order  from  hta  cortex,  that  Li  to  sny 
aving  undergone  a  certain  amount  of  initial  cooi-dination  at 
their  veiT  origin,  meet  mth  further  coordination  in  the  sjiinal 
gmy  mutter,  which  sei'ves  as  ii  set  of  nuclei  of  origin  for  the 
motor  nerves  concerned  in  the  movunienl.  before  they  issno  as 
onliriary  motor  impulses  along  thu  luilerior  vanU.  But  this  is 
not  all.  Should  the  gymnast's  seniivircular  canals  happen  to  be 
injured  and  his  cerelieilum  thereby  he  troubled,  or  mlsohief  fall 
on  some  other  part  of  the  brain  which  like  this  has  no  direct 
connection  with  either  the  pyramidal  tract  or  the  motor  cortex. 
the  movement  fails  through  luck  of  coordination,  though  both 
tin:  cortex,  the  pyramidal  tmcti  and  (be  spinal  motor  meclianisms 
remain  ai4  they  were  Ix-fore. 

La-ttly  we  may  note  that  in  the  abo%-e  dUcussion  we  have 
used  tile  word  '  will '  in  a  general  Kenite  only.  .\  nun  may  he 
brought  into  a  condition,  for  inslance  in  certain  hypnotic  phasca, 
in  wliichhecanearry  out  all  the  various  skilled  movements  which 
ho  iuLS  inherited  or  which  he  has  learnt :  and  yet,  according  to 
some  dermilioiis  of  the  word  '  will,'  those  movenients  could  not 
tie  said  to  lie  initiated  by  his  will.  It  can  luirdly  lie  <louked 
that  in  such  cases  the  motor  curtex  and  pyramidal  tract  play 
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their  iiKual  part.  Hut  we  tnny  pass  from  nuch  Ra(t«t  (ui  theM 
tliroitgli  mlifra,  until  we  come  to  cases  where  a  flkilled  move-< 
meiit  whioh  hsis  Iweii  learnt  auti  pniciised  bv  the  working  of  an 
intelligent  will,  may  cuiitiniie  to  he  carried  nut  iiiuler  circum- 
etanoes  wtiii^'h  HCL-in  tu  preeluilc  the  iiitorvctitiDii  of  any  conscious 
will  tit  sill ;  iiiid  thu  tmiLsilioii  from  uiiu  cnsu  to  uiiutliur  i»  so 
grudiinl,  that  it  is  inipoa^ihli:;  to  siippasu  timt  there  Uaa  been  nuy 
Khiftiiig  of  ihe  luachtiiery  employed  for  carrying  out  Ihe  move- 
ment. So  that  a  volitional  origin  U  not  an  «ssenLial  feature  o{ 
these  flOKsalled  voluntary  movements,  and  the  nmchinery  of  the 
motor  cortex  and  pynunidal  tract  is  available  for  other  things 
than  pure  volitiona!  luipuWs. 

^  491.  Tbu  pi'cccding  diMc\i»»ion  will  enable  us  to  be  vety 
brief  c-oncvrning  a  (iui--.<«tion  whioh  hiu  from  time  to  timv  becu 
much  diKCUiwed,  and  whii^h  I1.1.11  aei]uire(l  ^lerhagw  factitious  im- 
portance, viz.  the  question  an  to  bow  volitional  impiilttett  leading 
to  voluntary  moveuienta  travel  along  the  spinal  cord.  The  con- 
clusion at  wbich  we  have  arrived,  namely,  that  in  the  noimal 
carrying  out  of  voluntary  nioveniont«  tire  chief  part  is  jjlnyed  by 
efferent  iuipuWs  pii8»ing  aloii;:;  the  pyramidal  tiuct,  ciurics  with 
it  the  answer  that  volitional  iniptiUe»  travel  iu  the  spinal  cord 
alonj;  the  pyramidal  tract. 

In  the  dog,  in  which  the  whole  pyramidal  tract  crosses  atthe 
dectL'oation  of  the  pyi-amtds,  we  anonld  expect  to  lind  that  a 
break  in  the  pymmitlal  tract  of  one  aide  of  the  cord  at  any  [lOint 
along  its  lengtli  caused  loss  of  voluntary  movement  oti  the  same 
Bide  oelow  tbc  level  of  the  break.  And  experiments  ns  far  as 
tlieygoHupport  this  view.  No  one  it  is  truvhiuKu  far  succeeded 
in  dividing  or  olhcrwiso  causing  to  break  in  the  jiyntmidat  tnict 
alotie,  litAving  the  rest  of  the  cord  intact;  and  indeed,  even  it 
an  injury  were  limited  to  the  area  marked  ont  as  the  pyramidal 
tiaet,  tibres  other  than  pyramidal  fibres  would  be  injui^d  at  the 
Kame  time,  since  the  tract  is  never  a  *pure'  one.  But  it  baa 
been  found  that  a  section  of  a  lateral  half  of  the  coitl,  a  lateral 
heniisectiou.  or  a  section  limited  l«  the  ]nU;ral  column  of  one 
side  hiui  for  one  of  it»  principal  effects  lom  of  voluntary  move- 
ment on  the  8ame  side  in  the  parta  tiupplicd  by  motor  nerves 
h-.iving  the  coixl  lielow  the  level  of  the  section.  We  say  'oiw 
of  its  principal  effects*  because.  l)e^ides  the  concomitant  iutei^ 
ference  with  sensations  concerning  which  we  shall  speak  pres* 
ently,  the  loss  of  voluntary  movement  is  not  absolutely  contined 
to  the  same  side ;  there  is  some  loss  of  power  on  tue  oroesed 
side,  at  least  in  n  large  number  of  cases.  We  must  not  lay  stress  , 
on  this  crossed  pamlysis  becautu  it  is  possibly  one  of  the  oflectsl 
of  the  mere  operation,  not  a  pure  'defieieiicv'  phenomenon,  and! 
indeed  api>eArs  soon  to  pa^s  away.  Hut  taking  into  consider»> 
lion  what  was  said  above  concerning  the  effecta  of  removing 
cortical  areas,  it  is  important  to  note  that  iu  the  experience  of 
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niATiy  experimenters  tlie  Inwt  oF  vnlimtAiy  pnwer  on  the  operated 
side  iliminUhas  aftoi-  a  while,  and  that  the  animal  if  kept  alive 
and  in  good  health  Iniiff  enough  Appears  to  regain  almost  full 
voluntary  power  over  the  affected  paru.  In  s\ic\i  cukvs,  as  in 
other  o[H.-mtioii8  on  thd  central  ncrvou«  syvtvin,  thure  iit  no  ro- 
goncnitiim  of  nervous  tissue ;  the  two  surfiU^es  of  the  svvtion 
unite  by  ennnectivu  not  nervous  tissue,  and  the  tracts  whioli  as 
the  result  of  the  section  de]>eneintc  downwards  or  upwai-ds  are 
perninnently  Initt.  Hence  even  if  we  admit  that  in  the  intdet 
animal  a  voluntary  mo%'eraent  ia  chiefly  carried  out  by  means  of 
efferent  impulses  passing  along  the  pyramidal  tract  right  down 
to  the  motor  mechanisms  of  the  cord  immedink-ly  connected 
witli  the  motor  nerves,  wu  must  ftUo  iidmit  that  llie  'will '  under 
changvd  cin:um«tAnc«s  can  lind  oilier  channels  for  gaining  ncoess 
to  the  same  niechnnisms. 

It  h:iH  l>een  further  observed  that  if  in  the  dog  a  hemi»ection 
be  made  at  one  level,  for  instance  in  the  tower  thoracic  region  of 
the  cord,  and  then,  after  waiting  until  the  voluntar*-  |H>wer  over 
the  hind  limb  of  that  side  hna  returned,  a  second  heniisection. 
this  time  on  the  other  side,  be  made  at  a  higher  level,  this  second 
oporation  in  followed  by  results  itimilur  to  those  of  the  fintt;  there 
is  loss  of  voluntary  power  on  the  side  operated  on,  with  some 
loss  of  jMiwer  on  the  oriis.sed  side,  and  as  in  ihe  lirst  case  this 
losH  of  ]mn-er  not  oidy  on  the  cix)S9ed  hut  aUn  on  the  same  side 
may  eventually  disappear.  This  shews  among  otlier  things  that 
the  recovery  after  the  fiist  operation  waa  not  due  to  the  remain- 
ing pyramidal  tract  doing  the  work  of  both.  Further,  the  hcmi- 
section  may  be  repeated  a  tlilrd  time,  the  third  hemisection  being 
on  the  same  side  as  the  first,  and  in  this  case  nUo  there  may  be 
at  least  very  cnnMiderable  return  of  j>ower  over  both  limbs.  Thai 
is  to  say.  under  such  abnormal  circumstances  voluntary  impulses 
may.  so  to  speak,  thread  their  way  in  a  zigzag  manner  from  side 
to  side  along  the  mutilated  cord  until  they  reach  the  appropri- 
ate spinal  motor  mechanisms.  Such  an  abnormal  state  of  things 
does  not  however  really  mtlitntc  against  the  view  that  undor 
norma]  ciroumsianccs  volitional  impulses  normally  imvel  along 
the  pyramidal  tract ;  but  it  does  shew,  what  indeed  has  already 
been  shewn  by  the  phenomena  of  strychnia  [loisoning,  g  4t!l, 
that  in  the  central  nervous  system  the  passage  of  nervous  im- 
pulses (using  those  words  in  the  general  sense  of  changes  prop- 
agated along  nervous  mateiinl)  ia  not  rigidly  and  uualtcrubly 
fixed  by  llie  anatomical  distribution  of  tnuibt  of  fibres;  in  all 
such  iliscn.ssions  as  those  iti  which  we  arc  engngti)  wo  must  boar 
in  mind  that  physiological  conditions  as  well  as  anatomical  con- 
nections are  [xiient  in  det^nntning  the  passage  of  tb<^se  impulses. 

§  493.  When  we  reflect  on  the  ffreat  prominence  of  tlie 
prnimidal  tract  in  the  spinal  con!  of  man  as  com{Mircd  with  (hat 
01  the  dog,  wtt  may  justly  infer  not  only  that  the  pymmidal  tract 
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U  under  nnintnl  circuiiiHtaucos  iitoiD  vxcltisivoly  tbo  channel  of 
volitlotiiil  imptiluufi  in  muti  tlinii  in  »uc)i  lowt^r  animals.  butaUo, 
btitring  in  niiiul  tlic  tlisovissioii  in  a  jnuvinus  cliiipler,  §  464, 
coiicvriiing  tUe  aclivitiea  of  the  sjiinal  i-.nnl  nf  niiui,  lliat  iLe 
[)Ottinli»I  iillei-nativeH  {irasented  by  the  spinal  cord  of  tlm  dog' 
are  greatly  reduced  in  that  of  man.  And  such  cliniutl  hi.4lorie^ 
of  diitease  or  accidental  injury  in  man  as  wc  jtosseas  suiipoii  this 
conclusion.  Lesions  cuutiuud  to  onu  half  of  the  c-oio.  or  evea 
loiiions  confined  to  tliu  liiturul  culiinni  nf  one  half,  appL>ar  to  lead 
to  loss  of  voluntary  power  on  the  saiiic  sidu,  and  tlio  game  sido 
only,  in  tlio  parts  below  the  l«vel  of  the  U*.tiiin;  and  the  »am« 
symptoms  hav«  been  observed  to  aocorapany  di8ea.-«e  limited 
apparently  to  the  pynimidal  tract  of  one  side.  More<iver, 
thouf^h  cases  of  recos'ery  of  power  have  been  recoi-ded.  we  have 
not  (tiich  sali->fii(?tory  evidence  as  in  animals  of  the  volitional 
impulses  ultimately  making  thinr  way  along  an  nltomative 
route:  but  liuru  ihu  hmuc  doubu  m:ty  be  entertained  as  were 
ospresscil  in  discussing  the  reticx  iietj*  of  ttie  ooni  in  inau. 

When  wc  say  that  the  loss  of  voluntary  power  is  seen  on 
thv  side  of  tlie  lesion  only,  we  should  add  that  this  statement 
appeai-s  to  apply  chiefly  to  the  thoracic  and  lower  partit  of  the 
cord.  We  Iwve  seen  that  in  man,  in  the  upper  region.^  of  the 
cord,  the  pyramitUl  tract  is  only  partly  crossed :  a  variable  but 
not  inconsiderable  number  of  the  pyniniidal  libres  do  not  cmss 
at  the  dei;ussatii>n  of  pyramids,  but  running  straight  down  aa 
the  direct  pymmidal  Uact  effect  their  crossing  lower  down  in 
the  cervii-al  and  upper  thorai>ic  regions.  Hence  w«  should  in- 
fer that  a  hemisoction  of,  or  a.  lesion  oonlltied  to  one  side  of  the 
cervical  cord,  would  affect  the  voluntary  movements  of  the 
crossed  aide  a*  well  as  of  the  same  side,  though  not  to  iJie  same 
extent.  But  we  have  no  exact  information  as  to  this  point. 
And  indeed  the  purpose  of  the  direct  tract  is  not  clear ;  there 
is  no  adequate  evidence  for  tiie  view  -which  has  been  hold  that 
these  direct  fibres  are  destined  for  the  upjwr  limbs  iind  upper 
part  of  the  Wdy ;  since  they  are  the  last  to  cross  we  should 
d  ftriori  be  inclined  to  sappose  that  they  were  distributed  to 
lower  rather  than  higher  parts. 

§  493.  We  may  now  brieifly  summarize  what  we  know  con- 
cerning voluntary  movements.  And  it  will  be  convenient  to 
trace  ific  events  in  oriier  backwards. 

Certain  muscles  are  thrown  into  a  contractiou  which  even  in 
the  briefest  movements  is  prolmbly  of  the  nature  of  »  tetanus. 
Iti  almost  every  movement  more  than  one  muscle  as  deliin-tl  by 
the  aiiatomLits  Li  engaged,  and  in  many  movementa  a  [lart  of 
several  muscles  is  employed,  and  not  the  whole  of  each.     It  is 

KrhaiKi  partly  owing  to  the  latter  fact  that  a  muscle  which  has 
come  tiixid  in  one  kind  of  movement,  may  shew  little  or  no 
fatigue  when  employed  for  another  luovemt-iit,  though  wc  miuC 
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bear  in  miiid  that  in  a  voluiitory  movement  fatigue  is  much 
lavTv  of  tiervouii  timn  of  miL-toular  oHfrin. 

Hv^ideft  the  active  muncles,  if  we  may  «•>  nail  them,  which 
directly  cany  out  the  movement,  tiie  metabolism  of  which  sup- 
plies the  energy  given  out  as  woik  done,  other  muscles,  some  of 
which  are  antagonistic  t«  the  active  muscles  and  some  of  which 
may  bo  spoken  of  ils  adjuvant,  enter  into  the  wholo  act.  In 
flexion  for  insinnee  of  the  forearm  on  the  arm  it  in  not  the 
Sexor  muHcIc-t  oidy  hut  the  extcuHorit  also  which  ait  engaged. 
According  to  the  immediat«ly  preceding  [totiition  and  umc  of  the 
aim.  and  according  to  the  kind  and  amount  of  flexion  which  i» 
to  be  carried  out,  the  extensors  will  be  either  relaxed,  that  i«  to 
say  inhibited,  or  thrown  into  a  certain  amount  of  contraction. 
And  in  some  of  the  more  complicated  voluntarv  niovcmenta  the 
part  played  by  adjuviutt  mii^tclcs  \»  considerable.  Hence  in  a 
voluntary  movement  tJie  will  lias  to  gain  aecfjw  not  only  to  the 
active  mti.scles,  bnt  al-to  to  the  antngonit«tic  and  adjuvant  mus- 
cles ;  and  every  voluntary  movement,  even  one  of  the  simplest 
kind,  is  a  more  or  l&ss  complex  act. 

The  impulses  which  lend  to  the  contraction  of  the  active 
muscles  i-oach  the  muscles  along  the  fibres  of  the  anterior  roots, 
(we  may  for  the  sake  of  simplicity  take  spinul  nerves  alone, 
neglecting  the  peculiar  cranial  nt.-rvv».)  and  such  evidence  as 
we  possess  goes  to  shew  tiiat  tJie  impulses  governing  the  oiitag- 
onidtie  anrl  adjuvant  iiiuKcle-t  tiavel  liy  the  anlerior  roots  nUo; 
the  question  whether  the  inhibition  of  the  antagonintic  nmscles 
when  it  takes  place,  is  carried  out  by  inhilntor^'  impuUes  pa.'Ming 
as  such  along  the  libi-es,  or  simply  by  central  inhibition  of  pre- 
viously existing  motor  impulses  need  not  be  considered  now. 
These  anterior  roots  are  connectvd  as  we  have  seen  with  the 
grey  matter  of  the  cord,  and  in  f^icb  hrpolbeticol  segment  of 
the  cord  we  may  recognize  ihe  oxifltence  of  an  area  of  grey 
matter  which,  tliough  we  cannot  define  its  limits,  we  may,  led 
by  the  analogy  of  the  cranial  nerves,  call  the  nucleus  of  the 
nerve  Wlonging  to  the  segment;  and  wo  may  furtlier  recognize 
in  Bucb  a  nucleus  what  we  may  caJl  its  efferent  aod  ita  afferent 
aide. 

Every  voluntary  movement,  even  the  simplest,  is  us  wo  have 
repeatedly  insutcd  a  cODrdinate<l  movement,  and  in  its  ciK>r4li- 
nation  Hffci'out  impulses  play  an  im{)ortant  iiart.  'I1ie  8tudy  of 
re6ex  actions,  §  4U2.  has  led  us  to  suppose  Uiat  each  spinal  seg- 
ment presents  a  nervous  mechanism  in  which  a  certain  amount 
of  coordination  is  already  present,  in  which  efferent  impulse!) 
are  adjusted  to  itffcrent  impulses.  But  the  results  obtained  by 
stimulating  separate  anterior  nerve  mots  shew  that,  in  the  case 
of  niuwt  nitiwlcs  at  all  events,  the  esix-eially  active  muscles  of 
the  limbs  for  instance,  eaeh  muscle  is  supplied  by  tibf«s  cuning 
from  moi«  than  one  nerve  root,  that  is  to  say  the  spinal  nucleus. 
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or  at  least  the  spinal  motor  mccbaiiism  for  any  one  muscle, 
extendi  over  two  or  tliicc  si-gmtiiU.     Hencu  li  fortiori  in  a  vol- 
untary inovcniuiit,  itivulvin;;  »»  Uiis  (loc»  hi  must  oa&ra  nione; 
than  otic  niusL'k',   lliu  »|iiiiivl    nua^lianism   engajjctl   in   tli«   net' 
spimibi   over  at   Iva^it   two  or   three  ftegmeiit^,   thiiR   allowing 
of  iiiurc;i.sc(l  cnordi nation.     In  that  coordination  tho  iinpuLtex 
KLTviiig  as  the  foundation  of  muscular  dense  play  an  important 
jiavt.  but  other  afferent  impulses,  such  as  those  from  the  adjoin- 
ing skin.  aUo  have  thuir  sIiKru  in  thv  matter;  ami  it  is  worthv^ 
of  notice  that  tiot  only  i»  the  skin  ovurlyinjj  a  innsclo  iwrvea,j 
hroadly  spoaisiiii;.  hy  ni-rve  roots  of  the  same  ^ej^inent  as  t3ie 
niusclu  ilself,  afferent  in  one  case,  eft'erent  in  the  other,  but 
ill  the  par[f(  of  the  body  where  coordination  is  especiallv  coia> 
plex,  in  the  lingei-s  for  instance,  not  only  is  each  muscle  sup-j 
plied  from  more  than  one  SL'gment.  but  also  each  piece  of  skin 
is  supplied  in  the  same  way  by  the  posterior  roots  of  more  thao 
one  nerve. 

In  the  ease  of  the  frog  it  is  clear  that  in  reflex  movements 
a  largo  amount  of  cooi-dination  is  carried  oiii  by  these  various 
spinal  mechanisms;  and  a-s  we  have  urged,  we  may  safely  infer 
that  in  the  voluntary  movenienta  of  the  frog,  the  will  makes 
use  of  this  already  existing  coordination,  whatever  be  the  exact 
path  by  which  in  this  animal  the  will  giiins  access  to  the  spinal 
mechanisms.  In  the  dog  we  may  conclude  that  iu  voluntaiyi 
movements  the  spinal  meehanisnis,  with  coordinating  functions^' 
are  also  set  in  autiun,  in  this  case  by  iinpnl^ses  passing  siniight 
from  the  cortex  to  the  machanisin-s  by  the  pyruniiilnl  tnict, 
though,  apparently  in  the  ah.'tence  of  the  pyramidal  traut, 
the  will  can  work  upon  the  mechanisms  by  changes  travelling 
tlirough  other  paits  of  th«  cerebrospinal  axis.  And  in  the 
monkey  mid  man,  subject  t-o  the  doubts  already  expressed  as 
to  till)  potentialities  of  the  human  spinal  cord,  we  may  prob- 
ably also  infer  tliut  iu  each  voluntary  movement  some.  |H>rhap8 
we  may  say  much,  of  the  cixud  ilia  lion  is  carried  out  by  the 
KpiiiaL  mochanittm  set  into  action  through  impulses  along  ttio 
pyramidal  tract,  \Ve  may  probably  fnither  infer  that  a  care- 
ful adjustniBUt  obtains  between  the  lieginnings  of  the  p^T*-! 
midal  tract  in  the  cortex  and  its  endings  in  the  cord,  so  than 
the  topography  of  'areas'  or  *foci'  in  the  cortex  aliovo  is  an 
imapc  or  projection  of  the  spinal  mechanisms  below. 

The  eumplex  chameter,  on  which  we  insisted  just  now.  of 
almost  every  voluntary  movement  neeessitute^  that  in  evcnr 
such  movement  a  large  area  of  spinal  mechanism  is  involved. 
But  this  is  not  all.  The  movements  of  any  part,  of  the  legs 
for  instance,  are  not  determined,  nor  is  the  coordination  of  the 
movements  effected,  sim|)ly  by  what  is  going  on  in  the  legs  and 
the  part  of  the  spinal  cord  belonging  to  them.  The  discussion 
in  a  previous  section  has  shewn  that  much  of  the  coordination 
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of  the  body  is  carried  out  by  the  middle  portioni)  of  the  brain, 
and  on  ihese  the  motor  mva,  must  have  its  hold  as  well  ad  on 
the  Mpiniil  ineuhaniflnu. 

Tlio  tlotiiilis  of  the  nitturc  of  tliat  liold  arc  at  present  nn- 
kiiowii  li>  un;  but  it  miift  be  rciiK-mbvrcd  tliat  iiol  all  the 
iibre*  pitssitiK  down  fiinn  tlie  motor  region,  not  all  those  evtu 
proceeding  from  the  densest  and  moHt  (.learly  defined  motor 
areas,  are  pyramidal  tibres.  With  the  pyramidal  fibres  are 
mingled  fibres  ha\nng  other  destinations,  and  some  of  these 
probably  nass  to  tli«  thalamus  and  so  join  the  great  tegmental 
region.  Mori-iivcr  the  motor  ri*gion  must  have  close  ties  with 
Other  regions  of  the  cortex  wln-nee  fibres  pass  to  the  pons  to 
make  coaneetions  with  the  cerebellum.  On  the  othvr  hand, 
the  cerebellum  is  especially  connected  with  what  we  may  fairly 
consider  the  afferent  side  of  the  spinal  cord  and  bulh.  'riie«e 
facts  must  merely  be  taken  as  indicating  the  possibilities  by 
whii^b  the  motor  region  is  kt-pt  in  touch  with  the  great  coordi- 
niting  mechanism ;  it  would  be  vuuturcsomo  at  present  to  say 
mull  more. 

In  an  ordinary  voluntary  movement  an  int«lligcnt  conscious- 
ness is  an  essential  element.  But  many  skilled  movements 
initialed  and  repeated  by  help  of  an  intelligent  conscious  voli- 
tion may.  when  the  nervous  machinery  for  carrying  them  out 
has  acqiiired  a  certain  facility,  (and  in  all  the  higher  processes 
of  the  brnin  we  must  n-cogniee  that.  In  nervous  material  at 
all  events,  action  det^'rmines  stiueture,  meaning  by  struetum 
molecular  arrangement  and  diitj^rwitlon)  be  carried  out  under 
appropriate  circumstances  with  so  little  intervention  of  distinct 
consciousness  that  the  movements  are  then  often  spoken  of  as 
involuntary.  All  the  arguments  which  go  to  shew  that  the 
distinctly  conscious  voluntary  skilled  movement  is  carried  out 
by  help  of  the  appropriate  motor  area,  go  to  shew  that  the 
motor  area  must  play  its  part  in  the  involuntary  skilled  move- 
ments also.  .So  tliat  distinct  consciousness  is  not  a  necessary 
adjunct  to  the  activitj-  of  n  motor  area.  And  it  is  worthy  of 
notice  that  some  of  thpse,  in  their  origin,  purely  voluntary 
skilled  movements,  which  by  long-continued  training  have  be- 
come almost  as  purely  involuntary,  are  hampered  rather  than 
assisted  by  being  •  thought  about.* 

Lastly,  without  attempting  to  enter  into  |Mychuli>gicnl  ques- 
tions we  may  at  least  say  that  the  birth-place  of  viltat  we  call 
the  'will,'  is  not  contvrminous  with  the  motor  urea;  the  will 
ariMM  from  a  complex  series  of  events,  some  of  which  lake 
place  in  other  regions  of  the  cortex,  and  probably  in  other  parts 
of  the  brain  as  well.  With  these  parts  the  motor  area  has  tic:t 
concerned  not  in  the  carrying  out  of  volition,  but  in  the  genera- 
tion of  the  will.  So  tbat>  looking  round  on  all  sidus.  it  is 
obvious,  as  we  have  said,  that  lliu  motor  area  is  a  mere  link  tn 


780  VOLUNTARY  MOVEMENTS.  [Book  hi. 

a  complex  chain.  It  is  moreoTer  a  link  of  such  a  kind,  that 
vhile  the  changes  which  the  breaking  of  it  makes  in  the  daily 
life  of  a  lowly  animal,  such  as  the  dog,  in  whom  the  experience 
of  the  individual  adda  relatively  little  to  the  nervous  and  psy- 
chical storehouse  ti-ansmitted  from  his  ancestors,  can  hartUy 
be  appreciated  br  a  bystander,  those  which  the  breaking  of  it 
makes  in  the  daily  life  of  a  man,  whose  brain  at  any  moment  is 
not  only  a  machine  fitted  for  present  and  future  work  but  a 
closely  packed  record  of  his  past  life,  are  obvious  not  only  to 
the  individual  himself,  but  to  nis  fellows. 


SEC.  4.  ON  THE  DEVULOPMEyT  WITRIS  THE  CE.V- 
TKAL  NEKVOL-.S  SYSTEM  OF  VISUAL  AND  OP 
SOME  OTHEK   SENSATIONS. 

I'leual  SentatioM. 

§494.  In  the  chniti  of  events  through  which  some  influence 
brought  to  Iwar  on  tht-  pei-iphory  of  a  sensory  nerve  gives  rise  to 
a  sunHfittoti,  we  itre  iihlu,  witli  luori'  or  \esg  success,  to  distinguish 
between  those  uveiit--*  which  are  ilvlerminud  by  the  chnngeti  at 
th«  pcri|iliery  aixl  thoue  which  nre  the  cxnreesioit  of  cuAnges 
intlucttd  in  tlie  central  nervous  svstem.  i'him  wlicn  cvrtiiin 
rays  of  light  proceeding  from  an  object  and  falling  upon  tlie  eye 

fi%'e  rise  to  vlsunl  perception  of  the  object,  two  sets  of  «veiil8 
appen :  the  rays  of  light,  by  help  of  llic  mechanisins  of  the  eye, 
purtly  dioptric,  jwrtly  nervous,  give  rise  to  ccrtiiin  eliangcs  in  the 
fibres  of  tlic  optii.!  nerv«,  which  we  may  call  visuul  impiilsos ;  and 
the«e  vi.sual  impuLten  reaching  the  biatn  nlong  the  optic  nerve 
give  rise  tn  visual  sentiatiom  and  so  to  visual  perception  of  th« 
object.  We  shall  later  on.  under  the  beading  of  "the  senses," 
deal  chiefly  with  the  j>eriphcrnl  cvenl«,  and  have  now  to  consider 
some  imintA  connected  with  the  central  events,  to  learn  what  we 
know  eimcerning  hnw  the  vanou!*  sensory  impulses  travelling 
along  llitf  several  kinds  of  sensory  nerves  l>ehave  within  th« 
central  nervouo  system.  In  doing  so  we  shall  have  from  time 
to  lime  to  refer  tn  peripheral  eventn.  but  only  oeeasionatly,  and 
never  in  any  great  detail.  It  will  be  convenient  to  begin  with 
the  special  sense  of  sight,  and  we  must  firat  brieOy  call  atten- 
tion to  a  few  pointjf  which  we  sliall  have  to  study  in  fuller 
detail  hereiifter. 

The  eye  is  so  constructed  thnt  images  of  external  objects  are 
bmnght  to  a  focus  on  the  retina,  the  stimuhitinn  of  which  by 
light  starts  the  visual  impulses  along  the  tibres  of  the  optic 
nerve:  and  the  distinctness  with  which,  by  means  of  the  visual 
sensations  arising  out  of  these  visual  impulses,  we  perceive 
external  objects  is  dcijcndent  on  the  sharpness  of  the  retinal 
images.     The  eye  is  further  so  constructed  that,  in  anv  posi- 
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tion  of  the  eye,  the  rays  of  light  prooeetUng  from  a  imrtion 
only  of  the  external  world  fall  uikiii   the   retiiiu;  ur  in  otherf 
words  in  any  one  ijosilioii   of   the  vyu  only  ii  portion   of  the 
external   world  U  visible  at  the  same  time.    The  portion  so 
seen  is  spokeu  of  iw  the  *iiiinal  firld  for  that  position. 

The  iniiige  thrown  on  the  retina  is  an  inverted  one,  so  that  tJie 
top  of  an  actual  object  is  represented  by  the  lower,  and  the  bot- 
tom by  tile  upper  part  of  tlic  retinal  image ;  similarly  the  actual 
left-hand  side  of  the  retinal  iinaf^e  corrusponiUi  to  tho  rij^ht- 
hand  side  of  the  aetnid  objert,  anil  ibe  ^ifIh^band  side  to  iJie 
lefl-hnnd  side.  Hence  the  liffht-hnnd  half  of  the  visual  field 
corresponds  to  the  lefl^-hand  side  of  the  retina,  and  the  left-hand 
half  to  the  right-ham)  side. 

'Die  eye  can  be  moved  in  various  directions,  and  since  in  the 
visual  field  the  portion  of  external  nature  which  can  be  seen  at 
the  same  time  differs  with  each  different  position,  a  large  nmgc 
of  vision  is  tluis  secured;  and  this  can  l»e  further  iiientased  By 
niovement-s  of  the  head.  Moreover  we  normally  make  use  of 
two  eyeM.  our  normal  vision  is  binocular;  and  the  visual  lieM 
of  the  iii»ht  eye  differs  from  tiiat  of  the  left  eye.  There  is  one 
striking  difference  which  must  always  Iw  home  in  mind.  A 
section  carried  through  the  eye  in  a  verticjil  and  front-to-back 

flane,  through  what  we  shall  learn  to  call  the  optic  axia  (Fig. 
38,  ox)  (the  cxiwt  ditUiiU  of  the  plane  may  lie  left  for  tho 
present),  will  divide  tlie  retina  into  two  lateral  halvcA,  and  in 
each  retina  one  half  will  he.  on  the  nasal  side  next  to  the  nase, 
and  the  other  half  will  he  on  tho  malar  or  tem{)aral  side, 
next  to  the  cheek  or  temple.  It  must  l>e  remembered  that  the 
nasal  halves  and  temporal  lialvea  of  the  two  retinas  do  not 
occupy  corresponding  positions  in  space.  The  temporal  half  of 
the  left  retina  is  on  the  left  side  of  its  own  eye,  whereas  the  tem- 
poral lialf  on  the  right  retina  is  not  nn  the  left  but  on  the  right 
side  of  its  eye  :  and  so  with  the  nasal  halves.  Now  !n  the  right 
eye,  the  riglil-hand  side  of  the  visual  field  roiresponds  to  liie 
nasal  half  of  the  retina,  and  the  left-hand  side  of  the  visual 
field  lo  the  temporal  half  of  the  retina,  whereas  in  the  left  ey« 
the  right-hand  side  of  the  visual  field  corresponds  to  the  tem- 
poral half  of  the  retina,  and  the  left-hand  sido  to  the  nasal  half. 
Tiiis  is  shewn  in  Kig.  1S8,  where  the  left-hand  visual  field  uud 
the  riftinal  area  concerned  are  shewn  shaderl  in  each  eye. 

When  we  look  at  an  object  with  the  two  cyi^,  though  two 
retinal  images  are  produced,  one  in  one  eve  and  one  in  the  other, 
we  perceive  one  object  only,  not  two.  This  is  the  essential  fact 
of  binocular  vision  ;  when  certain  part*  cf  each  retina  are  stimu- 
lated at  the  same  time  wc  arc  conscious  of  one  sensation  only, 
not  two;  and  the  parts  of  the  two  retinas  which,  stimulated  at 
th«  same  lime,  give  rise  to  one  seii-sation  arc  upoken  of  as  "cor-, 
responding   parts."     From  the  structuiv  and   relations  of  tboj 
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Fto.  13&    Piiniitii   n   tLi.tntiRxrK  the  Niinvniiii  ArrjiRifcs  op  VimoH  im 
Man.     (SlicrHiiino"-) 

t,  iho  Ml  ejp,  JJ.  thtf  rljilii  vyr.  o.x.  ilit-  oinlc  axis.    F.  Uie  outline  of  tha 
fnec  between  t!ie  uyw,  O/i.y.  tin?  ri^-lii  opiiu  tnii't  (ahadcd)  BUMlyinif.  thmuKh 
0/>.  /ht  Ilx-  nplic  d«?uwiitioii.  the  iriupcinil  aide-  of  ilip  retina  at  thr  rtslit  pyo 
mill  lli'T  n.iii.il  ildn  of  thi-  rctiiin  ■>(  tlic  Irfi  cyo.     /..  /^  L.  0118  /,.  f.  /f.  lli«  totl' 
vi''u«i  ItpliU  iif  thn  Ivlt  aiirf  rlRlii  rye.  pfti[>reii»(^ly;  rlie  two  ttdds  iiixl  iIib  |>arwJ 
i](  tilt?  tvii.>  rplinKfi  wliiMo  rxcliAlioii  [■niiiuct^s  vitilDii  OTer  thu  di-Ult  luv  nliMlcnlf  j 
Ihv  ubj«M  n  ill  thv  lii-M  of  Ui«  right  xi'lti  giniig  rise  to  mi  Inia^e  at  a',  and  a  1 
tha  trtt  tiili^  ikii  iiu:i!;D  at  ii'. 

Tim  right  iipt.ln  iiMCI  U  Trpcmi>ritci]  A*  ending  In  (>'/..  Ilii>  latralcorpiMfenl-] 
culatmn,  in  I'd.  Ilie  t>iilfltinr,  nml  in  A(f.  II10  aiitprhr  ci^n^i*  (|uaitriceuiiuum.  all  I 
time  ati|)[>l('d ;  op.  rid.  tliv  ii|>liu  ratii^Unn  [ri>ui  tlii-tiu  builiui  to  S.  Oe,  llw  rit^Cl 
occipitnl  lobe,  wlioee  iili|ipluil  i;'>rti'i  inJiudli'*  tin?  '  vFaual  iika.'  iL  tli«  'diract* ' 
tract  to  the  ooKci.  1:.  f.  cnrpui  i?alla>um,  cut  acroai  at  tlio  ipltnluoi,  f.  «.  d- 
dMCoiullltg  horn  nf  ilin  Inuiral  rciitctdn. 

Tli«  k-ft  BLilt?  liM  hwa  iililUv'l  ui  ioilicnl«  at  F.  eliadeil  wltli  Hues,  tlii^  rortt- 
c.il  tnoior  uri'U  ("r  tliH  eyi-si  /ji.  c.  liiiLinlei  tlie  |)nlli  fr>in  it  to  III.  IV.  \'I.  tlie 
nuclfii  of  the  IhinJ,  fourtli  iiud  nixtli  nerri-s,  n.  Ii.  tlie  poniprior  longitatlinn] 
bnndli",  nhcwn  aji  a  hrokcn  line.  .VC.  tlie  nui>idi»  tnndutus,  L.V,  llif  nmrk'ua 
Uinlli'iilarlH  ami  TH.  <'fiXU:  tliitlnmuA  thniirn  In  onrlinc,  CUi.  ili>'  (riiui  limb,  Ciy. 
Ihu  kij<?i.',  au<l  Cip.  tli>'  liliiil  II111))  lit  tliH  Ivrti^riJAl  •Mp^uli:'  Tlio  otnlinirt  of  tbu 
fourth  VFiiuiL-lo  'Itli.  I'll,  and  ot  thu  iMjHtcriur  curpora  i^iiuUriKviuiua  an?  slicwn 
b7  (lotted  lines,  that  of  tlus  bulb  in  vtiuwu  by  a  Ann  line    p.  Uie  pineal  sland. 

two  eyes  it  foilotvs  ttint  the  temporal  side  of  the  right  and  the 
nasal  side  of  tho  left  t-yc  siro  such  corresponding  parts,  while 
the  ncisnl  side  of  thi;  right  eye  corresponds  to  the  temporal  side 
oi  th<!  lijft  vjv.  But  thu  whulu  of  enuh  rctinit  U  not  uinploycd  in 
innouulitr  vision.  Owinjj  to  the  po^ilton  of  the  two  eyes  iu  r«la- 
tioH  U)  lh«  nose,  it  comes  about  that  an  objoot  htOd  very  much 
on  one  side,  to  the  left-hand  siile  for  instanno,  while  it  \s  cftpablo 
of  nroduping  an  image  on  the  extreme  nasal  side  of  the  left  eye, 
ana  can  be  seen  therefore  by  that  eye,  cannot  proihioe  an  iniaga 
on  the  temporal  side  of  the  right  eye ;  the  nose  blooka  the  way. 
It  is  therefore  not  seen  by  the  right  eye.  and  the  vision  of  it  is 
moiiocuW,  bj-  the  left  eye  only.  In  Fig,  138  it  may  be  seen 
that  the  left  visual  Huld  of  the  Ifift  eve  {L-F.L.I  extends  more 
to  the  left,  and  la  larger  than  the  left  visiuil  Held  of  the  right 
eye  (^L.F.Jt.)  and  that  the  right  retinal  area,  correal "imling  to 
the  left  visual  Held,  extends  farther  along  the  nasal  aide  of  the 
leftside  (a'),  than  it  does  along  the  temporal  side  of  the  right 
eye  (a'),  the  difft'rence  being  due  to  the  presence  of  the 
nose  (.P)-  And  ^timilar  conditions  obtain  witn  regard  to  the 
extreme  right-liiuid  HuXv:  of  the  visual  field. 

§  495  .\flvr  these  preliminnry  stiitementv,  we  may  now  turn 
to  eimsider  some  anntomieal  facts  concerning  tlie  ending  of  the 
optic  nerve  in  the  brain. 

The  optic  nerve  of  each  eve  consists  of  nerve  fibres  coming 
from  all  parts  of  the  retina  of  that  eye ;  but  the  two  optic  nervea 
meet,  ventral  to  the  floor  of  the  third  ventricle,  cross  each  other 
at  the  optie  ehianna  (Kig.  138,  op.  De).  and  are  thence  continued 
on  under  the  name  not  of  optic  uurvos  but  of  optie  traeU  (0/?,?.), 
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Tbe  decussation  of  fibres  nrliich  tiiktui  place  in  the  chiiwma  hnit 
pocultiir  irlinnictcnt.  At  llivir  dectUHiition  (wu  arc«|joitkiiig  now 
of  iiiiui)  Uie  iibirs  in  ihe  o|itkr  iwrve  l)elongirg  to  t!ie  lemiiornl 
half  "f  Uii^  eye  in  whith  the  nerve  eniU  p;wa  into  one ojitio  tract, 
naniply,  the  optii;  imcl  of  the  same  side,  while  the  tibrea  belong- 
ing to  the  nusiil  half  pass  into  another  optii;  tract,  nftinely.  the 
ojitic  tract  of  the  oppasito  side.  Thus  the  tiltroi  of  tlie  tcniponil 
half  of  tho  right  eye  lUid  of  thu  nastd  hiilf  of  tlic  left  uye  piws 
into  tltti  right  iiptic  tmct.  niid  thv  fibres  of  tli«  n»Kal  httlf  of  the 
right  vye  and  of  the  temporal  h;\lf  of  the  left  eve  pi-'*-')  into  the 
leit  optic  tract.  <.'onipaie  Fig.  13H,  in  which  th«  tibres  forming 
the  right  optic  tract  are  shaded  while  those  forming  the  left 
optic  tract  are  left  unshaded.  Now,  the  nasal  half  of  one  retina 
aud  thv  ti-mpoiTil  half  of  the  other  retina  are  *corrc«ponding' 
parts.  Ht;n(:(%  while  ciicli  optic  tmct  contains  fibres  belonging 
to  half  of  e«eh  eye.  the  two  halves  thus  reprvsenlcd  iu  eaeli  tmct 
are  corresponding  halves. 

The  amonnt  an<l  ciiaracter  of  the  decnitsation  taking  place 
in  the  optic  chiaftma  differs  in  diff<>rent  nnimal  types,  the  differ- 
ences having  relation  to  tlie  amount  of  binocoUr  vision,  which 
in  turn  deiJcnds  on  the  position  of  the  eyes  in  the  head,  that  is. 
on  tho  proniinenco  of  the  face  between  uic  eyes.  In  the  fish  for 
iiutunei-,  with  latvrally  placed  eye*,  uo  binocular  vision  nt  all  ifl 
possible,  nnd  ihe  deeiissatioii  is  complete ;  the  whole  oplie  nerre 
of  each  eye  erowe*  over  to  the  other  optic  tract.  Ketween  this 
an<l  the  nrrnitgenient  in  man  just  de»>rit)ed,  various  stages  obtain 
in  various  animaU. 

The  chiasma  also  contains  at  ita  binder  part  fibres  which 
have  no  connection  with  the  optic  nerves  or  the  eyes,  but  are 
nmplf  eommissiiral  tracts  passing  from  one  side  of  the  bmin, 
namely,  from  the  median  corpus  gvnicnlntuin  (this  Itas  no  con- 
nection with  the  optic  nerves  nnd  is  not  conoenied  in  vi»iori) 
along  one  ojttic  tract,  through  the  ebiajtnm  to  the  other  optic 
tract,  and  so  to  the  median  corpus  geniciilalum  of  the  other  side 
of  the  brain.  These  fibres  are  ajioken  of  as  the  inferior  or  pos- 
terior (optic)  eommifun  or  arcuate  commissure,  or  Gudden's 
commissure.  It  vias  once  thought  tliat  in  a  similar  way  fibres 
passed  from  one  retina  along  one  optic  nerve,  through  tJie  front 
I>art  of  the  chiastua  to  the  othL>r  optic  nerve,  and  so  to  tlie  other 
retina  forming  an  anterior  (optic}  eontmiNture ;  but  this  neems 
to  be  an  error. 

The  optic  tract  also  contains  IiIk^s  taking  origin  fmm  the 
grey  matter  in  the  floor  of  the  third  ventricle  and  torming  what 
IS  sometimes  s]>oken  of  as  Meynert's  commiseuro;  these  fibres 
which  Ixflong  neither  to  the  optic  norviM  nor  to  the  inferior  oom- 
miKture,  join  the  optic  tracts  for  a  while,  bgt  eventually  leava 
them  lo  {Mxa*  to  (he  [tes. 

§  496.     Tliac  luirt  of  the  optic  traet  vliioh  consists  exeln* 
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sivcly  of  fibres  coming  from  tho  rvtitiiia  of  tlie  two  eyes,  and  it 
is  this  l»irt,  au()  tli'iH  part  uiily>  wliich  ih  «uiic<^'rtiv(l  in  vision, 
fiuls  iti  tlirci;  miiiii  ways,  a*  shewn  diaj^miiiniallcall)'  in  Fig.  138. 
In  tliv  tii'vl  plnru  part  of  tliia  tract  t;nils  in  tlju  latt^ra]  corpiu 
gvnieulivlum  ((?/y).  In  tho  second  jilaoe,  a  very  large  number 
(if  fibres  piissing  tbe  corpus  geniculatiira  on  its  ventral  and  lat>. 
eral  surfaces  spread  out  into  tbe  pulviiiiir  (_P  f 0.  In  the  ihird 
place  otbers.  in  considenibli]  number,  taking  »  muro  median  direo-J 
tion,  rvacb  tho  mitcrior  corpus  iiuudrigciniiium  (^1^)  Tt 
thrvc  8<;ts  end  apparwnlly  in  conrifctiuii  witli  tlio  nervo  cuils  of 
tho  ri.>spwtivo  l>niits*.  Thus  the  ruaUy  ojilic  lilni'S  of  tbe  optJc 
tract  end  in  one  nf  three  colleotioiiK  of  grey  matter,  th«  latonil 
corpus  geniculatuni,  ttie  pulvinar.  and  the  anterior  corpus  qnad- 
riffeniinum.  Further,  we  bave  reasons  for  thinking  that  a  oon- 
siderahle  jwirt  at  ail  events  of  tbe  gray  matter  of  these  tlu«e 
bodies,  especially  of  the  tirst  two,  is  atnociated  with  and,  in  a 
ccrUiii  sense,  dependent  on  the  tibrcs  of  the  optic  ncrv««;  tho 
rdft«i)ii!<  arc  a-s  follows.  We  know  that  when  a  nerve  fil>re  is  cut 
away  fi-om  its  trophic  centre  it  degvnemte* ;  but  the  division,  oiid 
the  lo^M  of  the  peripheral  degeneralinj;  poition.  has  nn  obvious 
effect  on  the  tmphic  centre  ;  when  a  spina)  ncrvo,  for  inslancc, 
is  divided  below  tbe  spinal  ganj^lion,  thongb  tbe  nerve  below-, 
the  section  degenerates,  tho  ganglion  and  tbe  piece  of  nerve  in 
connection  with  it  remain  very  nuicb  as  before  Wo  liave  it, 
however,  in  our  power  to  bring  nbout  changes  of  a  decjwr  and 
wider  citamcter,  a  ccssntion  nf  growth  amounting  to  Rtrophy,  by 
operative  int<M-ferenco  with  nervonn  stnictiii-us  Iwforw  liiey  are 
fully  (levelo|H-d.  Thus  in  an  adnlt  animal,  a  seeUon  of  nn  opCic 
nerve  or  removal  of  the  eye  leaiU  to  degnnoration  in  Iho  optio 
nerve  and  optic  tract ;  the  optic  fibres  have  tlieir  trophic  centre 
in  certain  cells  of  tho  retina,  of  which  wo  shall  speak  in  treating 
of  vision,  and  cut  away  from  that  centre  they  degenerate ;  ly 
this  miiaus  the  nature  of  tlie  optic  docussntioii  in  iinimnls.  and 
indeed  in  man,  bsts  been  ascertninod.  But  if  the  eyes  be  removed 
(removal  of  bolli  eyes  Iwing  desirable  on  nceouiit  of  the  cbamc- 
tera  of  tbe  optic  decusHation),  in  a  now-liorn  nnininl,  not  only 
do  both  the  o[)tic  nerves  and  tho  greater  jiart  of  hiitb  optio 
tracts  cease  to  be  further  developed  and  degenerate,  but  the 
bodies  mentioned  above,  tho  two  lateral  corpora  genieuUtA.  the 
pulvinar  on  each  side,  and  the  two  anterior  corpora  quadrigemioa 
do  not  fully  ilevelopc;  certain  parts  of  them  undei^  atropby- 
Thc  development  of  t]ie:4C  nervous  slmclure*  s^vnis  theivfore 
to  be  largely  dejiendeut  on  tlieir  fnnclional  cuniicetiou  Avith  the 
eyes  by  means  of  the  optic  trncW  and  nvrve-t- 

Tbe  same  method  cnntirnis  the  view  expreiwiMl  above  that 
tho  median  corpus  geniculatum  ha,s  no  connection  tvith  mion. 
When  the  eyes  of  ncw-boni  nuitnals  are  extirpated  neither  the 
median  eorpomgvuiculata  nor  the  posterior  ooqjoraquadrigemiDa 
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shew  any  siga  of  iitropliv.  nii<i  tho  i»nrt  of  Uio  optic  tract  which 
docs  not  iK'gcncnitc  its  Ine  inferior  commissure  connecting  the 
two  mcdiiui  c<iq)ora  gvnioiilata.  Obviously  thi-st?  i«irt*  iirc  asso- 
ciated witVi  function.')  of  the  bmin  other  than  those  of  sight. 
The  lateral  rorjmra  gemculat.1,  the  pulvinar  and  the  anlwrior 
corpora  quadrigemiiia,  are,  we  may  reiieat,  alone  lo  be  rogar«ied 
ilB  tlie  chief  central  i»arta  in  which  the  optic  nerves  end.  We 
nmv  also  repeat  tliat  owing  to  th«  peculiarity  of  the  optic  decus- 
sation each  optic  nerve  thus  finds  its  endings  in  botlt  sides  of 
the  bmin. 

§  497.  'Iliough  the  above  llire«  bodies  are  undoubtedly  tho 
chief  ciiilings  of  the  optic  nerve,  three  primar^i-  visual  cfiitrt-s, 
if  we  may  »o  call  them,  it  ifl  a1.<o  believird  that  some  fibres  of 
the  optic  tract,  making  connectiona  with  neither  of  these  throo 
bodic!),  pass  by  the  cms  cerebri  straight  to  certain  parts  of  the 
cerebral  hemiaphero  (Fig.  138.  d);  but  this  fourth  ending  is  Iiy 
DO  means  so  clearly  established  as  arc  t]ic  other  three.  And 
undoubtedly  llic  main  connection  of  the  ceivbial  hemisphere 
with  the  optic  Irnot  is  not  a  direct  one,  but  nn  indirect  one, 
through  the  three  Ixitlies  in  question.  A  iiuntljerof  fibres  pro- 
ceeding from  llie  occipital  cortex  and  reaching  the  tlmlamus 
through  the  hind  limb  of  the  internal  cajiaule  form  wliat  is 
called  the  *  optic  radiation,'  These  fibres  beginning  (or  ending) 
in  the  cortex  of  tJie  occipital  region,  end  (or  bec'ii).  (Fig-  188, 
op.  rod)  to  a  large  extent,  in  the  pulvinar  and  in  the  lateral 
corpus  gcnicnhitum,  but  also  in  the  niiterior  corpus  quadrigetn- 
inum,  roucbing  it  by  the  anterior  brachium.  When  in  a  new- 
born animal  the  occipital  cortex,  or  even  n  certain  jMit  of  the 
occipital  cort«x  is  removed,  tJiese  three  bodies  atrophy,  and 
the  atrophy  extends  to  the  optic  tract  and  nerve;  conversely 
removal  of  both  eyps  in  a  new-Iiorn  aninial  lead.1  not  only  to 
atrophy  of  the  three  bodies  in  question,  but  also  to  im])OrfeCt 
growth  of  the  occipital  lolws.  Not  only  so.  but  even  in  the  fuM- 
grou'n  animal  removal  of  the  occipital  cortex  entails  a  degenera- 
tion  and  atrophy  of  these  thi'oo  bodies,  tlie  details  differing  in 
different  animals  according  to  their  kind,  the  degeneration  in 
some  anininlN  reacliing  into  the  optic  tract  and  nerve.  .-\nd 
even  in  man  degeneration  of  the  external  coipus  geniculatura,  of 
the  piiKinar.  and  to  some  extent  of  the  anterior  coqms  qu.'whi- 
geminum  and  of  the  optic  tract  has  been  oliserved  to  result  from 
disease  of  the  occipital  lobe.  This  is  a  ramaikable  circum- 
stance ;  for  wo  may  assume  that  the  fibre*  carrying  impulses 
from  say  the  corpus  genicnlatuiu  to  (be  occipitnl  lobe,  are  axis 
cylinder  proccssc*  slarting  fiiim  cv\\*  in  the  forint'r  stnicturu 
to  end  in  the  bitter,  and  tbi-refore  having  their  trophic  centres 
in  the  former-  The  degcnei-ation  occurring  in  the  corpus  pen- 
icolatiim  a*  a  result  of  the  removal  of  or  disease  in  tJie  occipital 
cortex  is  a  diGFerent  thing  from  tbe  degeaorution  which  takoa 
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place  in  the  optac  tmct.  after  removal  of  the  retina :  it  ttoei 
ntther  a  dtjroiifnitioti  from  pure  want  of  functional  aelivily, 
if  the  cell))  ill  lliu  curjjus  guiiiuuhiUun  aiu  uiiiiblo  to  act  as  tliey 
oiigLt  to  ilu  on  Mm  nnivitl  uf  visiiii)  inipnlsus  alung  the  optic 
fibres,  if  their  ties  with  the  oeeijiital  cortex  are  broken.  Wo  may 
theivfore  conclude  that  Id  the  complex  act  of  vUioii  two  ordera 
of  central  apparatus  are  involved ;  we  may  apeak  of  two  kinds 
of  centres  for  vision,  tlio  primary  or  lower  vUnal  centres  ^up-. 
plied  bj  the  three  bodies  of  whieh  we  are  speaking,  and  a  i(i;o>| 
oiiditry  or  higher  vismil  centre  supplied  by  the  cortex  in  the 
occipital  region  uf  tlie  een;bnim.  And  cxperimeuta)  resiilu 
accord  with  this  view. 

Before  we  proceed  to  iliscuaa  those  results,  one  or  two  pra- 
liiiiinnry  observations  may  prove  of  use. 

In  the  first  place,  as  we  liave  previously  urged,  the  inter 
tation  of  the  results  of  un  esiicrinient  in  which  we  have  to  JuUjl 
of  sensory  effects,  ni-c  far  nuii-c  unucrtiiiii  than  when  we  liiive 
to  judge  of  niotur  effcetw,  that  is  of  course  when  the  experi* 
ment  is  cundnetvd  oit  nn  anini.il.  We  can  estimate  the  motor 
effect  i|U<tntilutivcly,  we  can  measure  and  record  the  cootrao- 
tion  of  the  niUKcles ;  but  in  »sliniating  a  sensory  effect  wc  have 
to  dejicttd  on  signs,  our  interpi-etation  of  which  \»  base<l  oa 
analogies  which  may  or  may  not  be  niLileading.  We  are  on 
safer  ground  when  we  can  appeal  to  niiin  himaeli  in  the  rxi>eri- 
ments  instituted  by  disciise;  but  the  many  advant.tges  thus 
secured  are  often  mure  than  counterbalanced  by  the  diffuse 
chanicters,  ur  the  uoniplex  coueuniitanLs  of  the  lestou.  In 
dealing  with  sensory  effects  we  must  expect  and  be  content 
for  the  present  with  conclusions  less  definite  and  inoixi  uucer- 
tsiin  even  than  those  gained  by  the  study  of  moti»r  efTects. 

In  the  second  place,  in  di--aling  with  vision,  it  will  l)0  desir^ 
able  to  know  the  meaning  which  we  are  attaching  to  the  woiils 
which  we  employ.  By  blindness,  that  is  'complete'  or  'total* 
blindness,  we  mean  that  the  niovenicnls  and  other  actions  of 
the  body  are  in  no  way  at  all  intlnenced  by  the  amount  of  light 
falling  on  the  retina.  Of  partial  or  incomplete  or  im|H.rfcct 
vision,  nsing  the  word  vision  in  its  widest  senw,  (here  are  many 
varieties;  and  we  may  illustrate  some  of  the  defect*  of  the 
visual  niachinery.  regaidcd  as  a  whole,  with  its  central  as  well 
as  its  peripheral  parts,  by  refvrring  to  certain  defects  of  vision 
duo  to  changes  in  the  eye  itself.  The  eye  may  fall  into  such 
a  condition,  tlmt  the  mind  can  only  appreciate,  and  that  to  a 
varying  degive,  ihe  difference  between  light  and  darkness ;  the 
mind  is  aware  thai  the  retina  (or  it  may  be  {lart  of  the  retiua) 
is  l<eing  stimulated  to  a  less  or  greater  degree,  but  cannot  per- 
ceive that  one  ]MiTt  of  tlie  retina  is  l>i;iag  stimulated  in  »  diner- 
ent  way  from  another  [art ;  a  sensation  of  light  is  excited,  but 
not  a  set  of  visual  sensations  corresponding  to  the  sets  of  pen- 
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ci\a  of  lumittoaa  rays,  which,  reflected,  or  emiuiattuff  £rom 
external  objccU  iu  n  dcfiuiu;  ord«r,  arc  &illinR  upon  me  eye. 
The  eye  tupiiii  may  fall  into  anolhvr  coikUIioii,  ia  which 
such  Bttts  of  vUiial  seiisatioiis  are  excUvi],  Itut  on  nccnuiit  of 
diii|)Inc  itnperfeotioitH  nr  for  other  reasoitm  the  ARvenil  seusa- 
tions  are  not  adcc^uately  distinct;  the  mind  U  awave  throiij^h 
the  eye  of  iho  existence  of  ■  things,'  but  cannot  ade(]uat«1y 
reuognize  the  characters  of  tliosc  things ;  the  visual  inisgea  are 
Uurred  and  indistinct.  Ami  a  largo  number  of  gradations  are 
possiblu  bctwocii  the  extreme  eoiiditiun  in  wliicti  only  those 
objccte  which  present  the  8lronj?est  contrast  with  their  aui-- 
rouiiditi^  are  visible,  to  a  condition  which  only  juitt  falU  .sliort 
of  normal  vLtinn.  Imperfections  of  this  kind,  of  varyinjr  de- 
gree, may  result  from  failure  not  in  the  [leripheral  apparatus, 
not  in  the  retina,  or  optic  nerve  or  othtr  parts  of  the  eye,  but 
in  the  central  apparatus;  the  retinal  image  may  be  sharp,  the 
retina  and  the  optic  fibres  may  be  duly  reiijfonsivc,  but  from 
something  wrong  in  some  [Kirt  or  other  of  llie  brain,  the  visual 
sensations  exi-ited  by  the  visual  impultt^  may  fail  in  ilistinct- 
ness,  and  that  in  van'ing  degree:  imperfections  of  vision 
whether  of  central  or  jteri[)henir  origin,  in  which  visual  seiisa* 
tions  fail  in  distinctness  are  generally  sicken  of  under  ttie  noC 
wholly  unexceptionable  name  of  amhigopia. 

If  ono  optie  nerve  Im;  divided,  total  blindness  of  one  eye  will 
result;  but  if  one  optic  li-act  be  <livided,  it  follows  fr<)m  what 
has  been  said  almve,  that  half-blindness  in  Iho  corresponding 
halves  of  both  even  will  result.  If.  for  inHtance,  the  right  optic 
tract  (Fig.  18S,'  Op.  T.)  be  divided,  the  left  visual  fields  o( 
Ix>th  eyes  wilt  be  blotted  out.  The  same  condition  will  bo 
brought  about  by  failure  in  the  optic  tract  at  its  central  ending, 
provided  of  course  the  mischief  be  confined  to  the  ending  of  the 
one  tract.  Such  a  half-blindiie^  or  Imlf-visioii  is  spoken  of  as 
hfminnoptlia,  or  hrmiunopiit  or  hemiupia;  the  words  left  and 
right  are  g«iieraliy  hs('<1  in  reference  to  the  visual  field ;  thus 
left  hcnit.iiio|).-<ia  is  the  blotting  out  of  iKith  left  visual  fields, 
through  failure  of  the  right  optic  tract.  If  instead  of  llie  wliolo 
optic  nerve  being  divided,  certain  bundles  only  were  cut  across. 
[«rti)il  blindness  in  that  eye  would  K*  the  result,  a  portion  of 
the  visual  field  of  that  eye  would  be  blotted  out.  If  not  the 
optic  nerve  but  the  optic  tract  were  so  treated,  mischief 
limited  U>  a  few  buiidle.s  of  one  tract  would  Iea<l  to  eorresjwnd- 
ing  blots  in  the  corresponding  halves  of  the  xnnual  tields  oi  Imth 
eyes.  Further,  an  affection  of  Italf  the  retina  or  of  a  limited  area 
in  the  retina  might  occur  of  such  a  character  as  to  lead  not  to 
complete,  but  to  iwutial  blindness,  to  a  homi-amblyopla  or  to  a 
partial  amblyopia.  The  nart  of  the  retina  so  afflicted  might  he 
central,  or  peripheral,  and  might  be  a  i]ua<lrant,  or  any  patch  of 
suy  size,  form  aud  relative  pusitiou.     And  wc  lufty  further  im- 
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agine  it  at  least  possible  th'.it  mUohief  in  the  brain  might  be  so 
limited  as  to  produce  any  of  the  above  partial  effects,  though  the 
retinii,  optic  iicive,  and  optic  ti-acla  all  i-emaincd  intact. 

The  above  visual  iiuperfcclioniiwtjbnva  illiistiiitcdby  chaneea 
in  the  [wriplivnil  iippitmtitH,  but  tb<.r<;  in  u  kind  of  iuiuvrfuiition 
wtiii;b  wu  amy  HtJIl  uall  n  visuiil  iini^x^rfvcUon,  though  it  is  o£ 
pui-c-Ly  cviitnil  orij^ln.  In  n  iioiinal  stvite  of  Ihinjrs  »  visual  )m:u--| 
salinn,  vxcitvd  in  the  biain,  i»  or  may  bt:  linked  on  to  a  cliain  of' 
Ktychlcal  eveiit»;  we  often  then  speak  of  it  aa  a  visual  ideit. 
\\  hon  we  see  a  dog,  the  visunl  sensation,  or  latliev  tlie  group  of 
Bt'nsations  luakiitg  up  the  visual  i>t>ri-eplioii  of  the  dog,  does  not 
exist  by  itself,  apart  fioin  hU  the  other  cvouts  of  the  hmin ;  it 
joins  and  iiCfecU  tbeui,  nud  Hinoug  thu  events  winch  it  so  affects 
may  be  and  ofU:n  are  p«yehieal  events ;  thu  visual  pen-vptioii 
'enters  into  our  tbou;;hls'  and  modifies  them.  Uutwe^n  the 
visual  impulse  as  it  travuts  along  the  optic  nerve  or  tract  and  its 
ultimatt!  psychical  effect  a  whole  series  of  events  intervene ;  and 
we  may  take  it  for  granted  that  the  chain  may  be  broken  or  s[x>ilt 
at  any  of  its  links  at  the  later  as  wtdl  as  at  tlio  earlier  onBS.j 
We  tuny  thcrefoiu  L^otlsidcr  it  possible  that  the  bixtak  or  ilunuige 
may  occur  at  thv  links  by  whiuh  the  fully  developed  visual  sensa- 
tion joins  on  to  jwyuhical  opeititions.  We  may  suppose  thai  uii 
object  is  seen  and  yet  does  not  affect  the  luind  at  all  or  affects  it 
in  an  abnormal  way. 

These  foregoing  coRsiderntiona  emphasize  the  difficulty  and 
uncertainty  of  interpreting  the  visual  condition  of  an  animal 
which  lias  been  experimented  upon.  When  for  instance,  after 
All  operation,  an  animal  ceases  to  bo  inlluencvd  in  its  previous 
normal  manner  by  the  visual  effects  of  external  objects,  a  most 
Oflrefid  psychieal  an:ily.'4iN  Is  often  necessary  to  enable  us  to  judge 
whether  the  newly  introduced  disregard  of  this  or  tliat  object  i«: 
due  to  the  mere  visual  sensations  t>eing  blurred  or  blunted,  or  to 
VBB/o  failure  in  the  psychicnl  apvjreciation  of  tJie  sensations;  and 
in  most  cases  such  an  analysis  is  beyond  our  reach.  The  greatest 
caution  is  needful  in  drawing  con<;Iusions  from  experiments  of 
this  kind,  especially  from  such  as  appear  to  have  been  hststily 
carried  out  or  hastily  observed ;  and  we  must  be  content  herv  to 
dwell  on  some  of  the  broader  features  only  of  tlie  subject. 

§  498.  Since  we  have  in  this  matter  to  trust  so  much  toan> 
alogies  with  our  own  expciieiiee,  we  may  turn  at  once  to  the 
monkey,  as  Iwing  more  instruetive  than  any  of  llie  lower  animals. 
Wo  have  already  said  that  electrical  excitation  of  the  occipital 
cortex  behind  the  motor  region  may  produce  movements,  but  that 
these  movements  are  in  character  diffei'eut  from  those  eauscrl  by 
stimulation  of  the  motor  region  itself.  In  the  moidiey  stimnlalion 
of  ports  of  the  occipital  region,  the  occipital  lobe  and  the  angu- 
lar gjTiis  for  instance,  may  give  rise  to  movements  of  the  eyea, 
of  Uie  eyelids,  and  of  the  Lead,  that  is  of  the  neck,  all  the 
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ntovoiucnts  so  produMii  being  such  as  are  ordinarilr  connected 
witli  vUkxi.  It  will  not  W  prolitivlilu  to  vntvr  liere  into  tlic  de- 
tails coiicvriiiu^  the  i-xitct  t«ipO);r»phy  of  tlw  uxciLabW  purt«  or 
of  ihtf  aj>e«inl  ehanielfi-s  of  the  niovemcnlM  so  c-allcd  fortli.  But 
it  ifl  important  in  tinie  llint  the^no  niovtiinentct  are  unlike  the  movo- 
meutd  exoit<^d  hy  stimiiUtiou  of  th«  ftp[ii-fij>riat«  motor  urea  in  ait 
much  as  their  oci-'urieiiee  is  far  less  certain,  ihey  need  a  stronger 
stimulus  to  bring  them  out,  when  evoked  they  are  fueble.  being 
eJLsily  antagonized  by  apprupriutv  stiniuhitiun  of  the  motor  area, 
uiid  th«y  hiivu  u  mueh  lungtir  latent  {wriud.  Tlicy  are  not  due 
to  niiy  indirect  8ttmuliuioii  of  the  motor  ama,  ihnmgh  *  assoeia- 
tion'  flbre-H  conneotinjr  the  ^iKit  Btiuiuhited  with  the  motor  area 
or  otherwise,  since  they  jiei^ist  after  removal  of  the  motor  area. 
Aloveinents  of  this  kiii<l  may  also  be  witnessed  in  the  dng.  They 
are  obviously  the  result  of  impulses  transmitted  in  some  direct 
manner  from  the  cortes  to  some  jmi-ts  below,  and  may  be  taken 
ax  Hu  indication  that  the  parts  of  the  cortex  in  question  are  to 
MUM!  way  eonueot^td  with  vision.  Thv  exact  manner  howcvor  in 
whieh  Uiey  are  brought  nhont  is  at  present  not  clear. 

§  499.  The  rt'.-'uiis  of  lemoval  of  ilie  cortex  in  the  monkey 
also  shew  <:Iearly  that  the  liiiid  i-egion  of  tlie  cortex  in  .siieeially 
connect«d  with  vision,  though  there  has  been  and  indeed  still  is 
mueh  discordance  among  Uie  %'arioii8  observers  both  as  to  the 
particular  results  and  especially  ns  to  their  interpretation. 

Many  obscrvera  have  found  tlint  removal  of  the  occipital  lobe 
on  one  side,  the  ivgiou  marked  *  vision'  in  Figs.  123, 124, caused 
hemiopia,  tlie  effeet  on  the  vl^iuiil  fieldit  licing  a  crossed  one; 
when  the  right  lobe  for  in»laiiee  was  removed  (here  waa  blind- 
ness in  tht;  left  visual  tields,  that  is  in  the  light  halves  of  the 
retinas  of  both  eyes  >  in  other  words  the  visual  impulses  passing 
along  the  right  optic  tiuct  failed  to  produce  their  usual  exfect.  so 
that  the  animal  disregarded  objects  on  its  left-hand  side.  We 
may  remark  that  the  decussation  of  the  optic  nerves  in  the  monkey 
is  very  similar  to  that  in  man.  When  both  occipital  lolie«  wero 
removed,  total  blindness  resulted.  Such  a  result  si-eniK  ]>orhaps 
at  linit  sight,  not  only  in  accordance  with  the  anatomical  coniiec- 
tioiis  sjioken  of  alxive,  but  alao  simple  and  satisfactory'.  Visual 
impulscH  originating  in  the  oorreeponding  halves  of  the  two  re- 
tiuHS  travel  along  the  appropriate  optic  tract  to  the  primary  vis- 
onl  centres  of  one  side,  and  thence  pass  by  tbe  optic  radiation  to 
the  occij^tal  lobe  of  tho  same  side  (for  thero  is  no  decussation 
along  the  wliiile  line  save  at  tlie  optie  chiasm*),  where  they  give 
me  to  viiiuai  perceptions.  Hut  even  a  little  consideration  will 
raise  diffieulties.  The  eyes  are  preeminently  oigans  of  bilateral 
use;  and  if,  when  we  are  looking  with  the  two  eyes  at  an  obiect 
wtioso  image  occupies  parts  of  the  two  halves  of  each  retina, 
the  impubes  generated  in  the  correanonding  halves  of  the  two 
retiiiits.  affect  exclusively  tlie  one  siue  of  the  bnun  oidy,  there 
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iniiHt  exbt  reiuiirkably  (UUii.ite  and  exact  ai-rangementa  between 
the  two  halvea  of  the  brain  by  which  in  each  case  as  it  occurs,  the 
two  sets  of  visual  sensations  should  be  accurately  pieced  intn  a 
wliolc  [rercciJtion  in  which  we  ciiii  subjectively  rccognizo  no 
hulvos.  It  i»nt  least  stniiiKt'lhat  wliilc  tin;  motor  ncrvoits  mccli- 
aiii»ii)  for  llic  two  eyes  is  hiiviy  bihttL-rai,  the  sensory  nieob.nnisin 
should  In-  iKildly  uiiilatt^ml.  We  need  not  then  Ih.>  surprisvil  to 
nieot  with  other  experimental  results  dincordiint  wilb  the  above 
mentioned  ap[>arently  simple  result.  In  the  tirst  place  not  only 
U  the  hemiopia.  caused  by  the  removal  of  one  occipital  lobe,  often 
transient,  but  also,  according  to  some  observers,  the  lost  vision 
may  ri'turn  aft^r  tbu  total  rctuuval  of  both  lobes,  though  some 
impairment  luuy  be  noticed  long  ufterwarils,  so  lung  in  faet  its 
the  animal  is  k«pt  alive.  In  the  second  place  in  the  hands 
of  other  observers  deslrijction  not  of  the  ocoipital  lobe  but 
of  the  angular  g)'TUR  of  one  side  (Kig-  122)  has  led  to  hemi> 
opia,  failure  in  the  left  (or  right)  visual  lieldri,  indicating 
failure  in  the  central  endings  of  the  right  (or  left)  optio 
tract,  being  caused  bv  removal  of  the  riglu  (or  left)  gyrus,) 
utid destruction  of  both  angular  gyri  has  li;d  to  total  blindness,' 
not  only  tho  hemiopia  but  tlic  total  blindness  being,  however, 
apparently  transitory.  And  cimcs  have  been  observed  in  which 
the  blindness  due  Ut  removal  of  the  occipital  lolw  which  would  bo 
by  it*clf  tiansient  ban  been  made  permanent  by  the  8ul»ie(|uent 
removal  of  the  angular  gyrus.  In  other  cases  again  destruction 
of  one  angular  gyrus  has  pi-oduced,  not  hemiopia,  but  crossed 
blindness  or  crossed  amblyopia,  that  Is  to  say  has  afFectod  the 
whole  of  the  retina  of  one  eye,  and  that  the  crossed  eye.  the  eye 
of  the  same  side  not  being,  or  Ijcing  supposi-d  not  to  be,  at  all 
affected;  aiid  indeed  similar  results  have  also  been  stated  to 
follow  upon  removal  of  one  occipital  lobe. 

In  man  clinical  histories  so  far  cnnfonn  to  the  results  of  ex* 
perimenls  on  the  monkey  as  to  associate  the  ooci[>ital  cortex,  and 
more  particularly  the  cuneus  (see  Figs,  IJW,  IH.'i)  with  \iaion. 
A  very  large  and  increasing  number  of  cases  have  been  recorded 
in  which  hemiopia,  a  blotting  out  of  the  corresponding  halves  of 
the  visual  fields  of  the  two  eyes  (hotnonymous  hemiopia  as  it  is 
colled)  has  been  associated  with  disease  of  the  occipitnl  lobo 
qamely  of  the  cuneus,  or  of  adjoining  pitrts  of  the  lingual  lobe, 
in  the  neighbourhood  of  the  calcnrine  fissure,  or  of  odjtHuing  por> 
tions  of  ttie  occipital  eonvolutioiLs;  and  there  bare  been  similar 
cases  where  not  the  half,  but  a  part  only,  a  quadrant  it  may  be 
or  less,  of  each  visual  field  has  been  blotted  out.  The  teaching 
of  such  cases  is  in  full  accord  with  the  anatomical  leading,  but 
leaves  untouched  tho  difficulty  mentionetl  above  as  attaching  to 
such  unilateral  cei^diral  action.  It  is  worthy  of  note  that  in  many 
such  cases  i>f  homiopia.  the  macula  Intou  the  region  of  distinct 
vision  is  left  inta<a  in  both  eyes;  and  tliia  has  led  some  to  tho 
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view,  thnt  the  mnculit  of  each  vyu  uiiliku  tlie  rest  of  llie  rotiiiR  is 
ivpi-esented  in  both  cerebral  tinntHjihurtr^.  Miit  Wm  i»  nul  very 
8ati»fuctory>  Certain  cases  on  ihe  other  hand  have  Iteeii  met 
^vith,  which  like  some  of  the  experiments  on  monkeys  point  to 
at  least  some  share  being  taken  by  the  anffulnr  gyrus, 

Miuiv  cxiM!rimfnt»  have  been  made  on  the  dog.  and  the  results 
obtuiiivu  hnvB  been  interpreted  by  some  obecr\'et>  us  slicwing  that 
in  tliiit  animal  nul  only  is  an  areii  in  thu  uc-cipitjil  region  of  the 
cortex  itjiecially  connci^lvd  with  vision,  bnl  won  thai  jiarliunhir 
]mi't8  of  the  ar«ji  eorremjiond  to  [iarti<Milnr  jiarbt  of  the  fichi  of 
vision,  the  several  pai'ts  of  the  retina  )>eing  aa  it  were  ni-ojected 
on  to  the  cortex.  We  need  not  enter  here  upon  the  details  of 
tliis  view  which  needs  some  special  exposition  since  in  the  dog 
vision  is  much  less  binoculnr  tlian  in  man :  it  will  become  desii^ 
able  to  do  so  should  evidence  tx.-  forthcoming  tliiit  a  similitr  pro- 
tection obtains  in  niitn;  but,  thougli  some  clinical  histories  have 
Iieeii  held  to  imUcalw  this,  others  are  opiKised  to  it.  In  short 
though  it  18  clear  that  the  occipital  cortex  is  concerned  in  vision, 
our  present  knowledge  does  not  afford  a  consistent  view  of  the 
exact  way  in  which  it  is  concerned. 

§  500.  We  may  [wrhaps  say  a  few  words  on  the  question 
what  is  it  which  actually  takcji  place  in  the  cortex  during 
vision?  Are  wo  to  conceive  of  it  as  if  a  visual  impulse  set 
going  along  the  fibre:;  of  the  optic  tnict  underwent  no  i^ssen- 
lial  change  until  it  reachcJ  the  cortex,  ta  if  it  thci-e  suddenly 
developed  into  a  'vi.^nat  sensation'?  We  can  hardly  suppose 
this.  Iletween  the  cortex  and  the  optic  tract,  the  lower  vittnni 
centres,  the  tegmental  masses,  intervene :  and  we  can  hardly 
suppose  that  interference  with  these  bodies  proiluces  the  same 
effect  on  vision  as  simple  section  of  the  optic  tract.  We  have 
seen  in  a  previous  section  that  tho  frog  and  (he  binl  certainly, 
and  according  to  some  observers  also  the  mbbit,  are  in  the 
alienee  of  the  cei-ehral  heniisphcres  not  totally  blind,  since 
their  movementi<  api>ear  to  lie  gnided  by  retinal  impivssions; 
and  cases  are  recorded  of  the  dog  being  obviously  still  guided 
in  some  tneasare  by  retinal  impressions  after  the  occipital  lobes 
and  indeed  tho  gi-eal^r  imrt  of  the  brain  had  been  removed.  This 
is  a  ntiitter  of  no  little  <lil1ieulty ;  it  is  perhajM  jMtssible  for  sim- 
ple afferent  impulses  to  determine  even  complex  tnovemeiit* 
without  the  intervention  of '  eonwiousnes.*,*  an<l  we  may  lie  in*- 
tifieil  in  sfHtaking  of  the  effecls  of  light  on  a  biainless  animal  as 
being  mere  instaiiciis  of  '  mechanical '  reflex  action  ;  still  we  are 
probably  jusutied  in  assuming  that  the  simple  visual  impuUes, 
travelling  along  tho  fibres  of  the  optic  tract,  undergo  imi)ortaat 
transform  a  tions  in  the  tegmental  masses,  and  tliat  tho  elianges 
which  arv  pro)Migat4!(l  along  the  librcs  of  the  o|>lic  radiation, 
constitute  iwmctlung  i)uito  differttiit  from  the  impulsvx  along 
the  optie  tract  or  nerve.     We  may  {wrhapa  as.sume  that  in 
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vision  ttie  oorticiU  erentH  nre  psycliicnl  iu  natui'e,  nnd  that  the 
{uiictitm  of  the  optic  radiation  in  to  rmoUli  what  we  may  call 
crude  visual  setisiitions  for  fuiiticr  psycliiciil  claborution.  Or 
pcrliiijis  WK  tlo  vfToiig  in  nttcmptiiig  to  lUiMtoeiate  in  miy  such 
di:>liiii;t  wily  th«  ourtioMi  iimi  llw  U-jjmeiital  events.  The  rc- 
iiKii'liaiilu  dependence  as  i-egai'd.4  nutrition  U^Lween  the  occiiiiliil 
cortex  -And  the  tegmental  masiies,  of  which  we  spoke  a  ItlUe 
while  hai?:k.  shews  that  the  two  work  together  in  the  closest 
way,  I'nssihly  we  are  wrong  in  Uiinkiug  that  in  the  genemtioa 
of  El  visual  seiistitiou,  a  i^oniething  piusslng  up\vu|;d»  from  the  one 
iv  Inmsfomicd  into  itouiethiiig  uIm;  in  tliu  othm*,  nud  ought 
rutlier  to  tiU]>po»(!  tlutl  the  Muiwation  is  u  product  of  tliu  two 
working  togi-tliur  in  a  manner  lo  the  undei-sUtnding  of  wliiuh 
our  ordiimiy  coiureptionH  of  nervous  iinpuboii  gntlit!t'e<l  fioiii 
the  study  of  onlinaiy  eflferent  and  afferent  nerves  afford  us 
little  help,  i'oatiibly  aUo  the  tii»)  between  the  cortical  and 
tegmental  processeti  are  di-awn  tighter  in  the  higher  animals 
as  vision  becomes  more  complex,  so  tbataftor  total  removal  of 
tho  ccrebrni  uorUix  vvhilo  tlio  birtl  mid  possibly  cwu  the  di>g 
may  ho  sidd  still  to  'see,'  iiiati  luid  prnhiibly  the  hijjher  niunke\'« 
app<;itr,  as  expei'imeiitH  imil  olinical  hiKtoi-ies  shew,  to  be  not 
only  psychically  i)ut  in  every  way  lilind.  and  that  long  liefoiv 
degenerative  cliangett  in  the  tegmental  niajises  can  have  bemiDQ 
marked. 

As  to  tlie  BBVeml  iiarta  played  by  the  individual  tegmental 
masses  wo  at  prosoiit  Itnow  little  or  nothing.  It  is  worthy  of 
note  that  when  wu  eunipiu'f;  various  HniinHls.  wo  find  that  tbo 
connections  of  the  cortex  with  the  corpus  quiidrigeuitnuui  anu 
the  more  prominent  in  the  lower  aniinals,  and  in  ihe  higher 
animals  more  and  more  give  place  to  those  with  the  pulvinar 
and  atpecially  with  the  corpus  genioulatum.  8onie  fael^  per> 
haps  may  be  taken  as  indicating  that  the  corpus  quadrigeiuinum 
is  especially  concerned,  when  visual  sensations  intluence  tba 
coordiiiatioa  of  moveuieuts ;  but  this  is  not  ccrtaui. 


SenfatioHB  of  Smell, 

§  501.  In  many  anintals  in  whom  the  sense  of  smell  is  acute, 
a  portion  of  the  cortex,  known  aa  the  ■  pvriforra  lobe '  or  •  hippo- 
cumpiil  lobule'  and  which  is  aniitoniicaJly  continuous  with  the 
front  end  of  Uio  liippocampiil  gyrus  (the  juirt  to  whiiih  the  name 
uncinate  gyrus  is  often  restiicted),  Hequires  rtdulively  lai]ge 
diuiensions.  Tins  and  the  anatomical  relations  ja-«t  mentioned 
would  lead  us  to  su]>jKi«e  that  a  part  of  the  cortex  which  is 
Qontlnuou^  with  the  front  end  of  tlie  hippooampal  gyrus  is  in 
some  way  connected  with  smell.  The  argument  fi-om  com]>arai- 
tivo  anatomy,  howi'ver.  is  one  which  must  lie  used  with  caution ; 
since,  besides  the  great  difticulty  of  determining  the  homologies 
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of  jiorU  of  the  brain  in  different  animals,  relative  increase  in  the 
part  in  question  might  bo  con-tilated  to  otber  tiling  tlian  tlie 
jmwei-  of  smell,  autl  might  be  determined  by  circunialancea  hav- 
ing no  i-olalion  to  smeU. 

The  ex[ieriinont«]  evidence,  though  on  the  whole  it  gives 
support  to  the  vi«w,  is  conflicting;  and  when  the  difficulty  ol 
dctcrniiuiiii,'  wimther  a  *dumb  animal'  can  ur  cannot  snivll  is 
buniu  in  mind,  UiL-«  will  nut  be  wundured  at.  Tlio  ubiscrvatiou 
lliat  eltiotru^ai  sLimutatiuu  of  the  mgion  in  qnestion  give*  tiM;  to 
movenienta  of  the  nostrils,  which  Itave  been  interpreted  as  cnilling 
in  reaponae  to  subjective  olfactory  senaationa,  cannot  have  much 
weight ;  and  while  some  observers  have  found  that  the  removal 
of  tnis  jttirt  of  the  bniin  destroys  tbe  seuse  of  smell,  others  have 
obtained  negative  resultti. 

The  few  elinival  hi^tnrie^  whiuh  bear  upon  the  matter  uro 
pcr]ia]>s  more  trustworthy.  The»e  seem  to  t^bew  that  a  lesion 
involving  Uie  cortex  of  this  region,  but  leaving  the  olfactory  bulb 
and  tract,  aa  well  aa  other  partji  of  tlie  brain,  intaet,  may  deatioy 
or  greatly  impair  smell.  And  we  may  perhaps  give  particular 
weight  to  the  cases  in  which  epileptiform  attacks,  preceded  by 
an  '  UMia '  in  thu  form  of  a  |>cculiar  smell,  have  been  associated 
with  disease  limited  to  tliis  region ;  fur  the  phenomena  of  *  aum ' 
seem  to  1x5  cunnuuted  with  cortical  pi-oiesses. 

Though  the  evidence  on  the  wliole  goea  to  shew  that  the 
cortex  at  the  front  end  of  the  hippocam[>al  gyi'u.<i  ia  especially 
connected  with  smell,  and  we  have  so  marked  it  in  Fig.  137,  yet 
the  whole  matter  stands  on  a  somewhat  different  footing  from 
the  sense  of  sight.  In  man  the  relations  of  smell  to  the  other 
operatious  of  the  brain  (though,  as  wu  shall  sec  in  dealing  with 
the  svnsuM,  somewhat  peculiar)  are  far  more  limited  than  arc 
those  of  vi«iton,  and  the  {isychleal  development  of  simple  olfactory 
wnsatjons  u  extremely  scanty. 

SetUKilioHt  of  Tatie. 

§  502.  This  special  sense  though  so  closely  aasocisted  with 
snidU  stands,  together  with  the  special  sense  of  bearing,  on  a 
difTervnt  toijling  from  the  two  pivcuding  special  senses,  since  Ui« 
Dorvva  concorued  belong  to  tlie  category  of  ordinary  cnutial 
nerves,  and  we  lack,  in  refei-ence  to  them,  the  anatomical  lead- 
ing which  is  offered  to  us  in  the  case  of  tlie  optic  and  olfactory 
Dervca. 

We  idiall  see  in  dealing  with  tlie  senses  that  the  fifth  nerve 
and  the  glossopharyngeal  nerve  have  been  considered  as  nerves 
of  tast«.  i>ut  that  the  matter  is  ono  subject  to  controversy ;  the 
gosttttory  function  of  the  fifth  ia  attributed  to  th»  peculiar 
chorda  tym|»tni  nervu,  and  other  queationa  have  been  raised. 
Whatever  view  we  take,  however,  tlie  nervee  of  taste  are  onli> 
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nury  cntnlftl  iicrvt's,  and  wc  hnvn  no  anntomipiil  guidance  aa  to 
the  fibres  of  ttitliiT  of  tlic  iibovi-  Iwo  nerves  making  fipi>cial  con- 
tiections  with  any  imit  of  tlie  cortex.  Though  sensations  of 
taste  enter  largely  into  the  life  of  animals,  and  indeed  of  man 
himself,  we  have  no  satisfactory  indications  which  will  enable 
US  to  connect  this  special  eense  with  any  jmit  of  the  lortex ;  the 
view  indeed  han  been  put  fomvard  that,  soiiiu  [mrt  of  the  cortex 
ill  tho  lower  portion  of  thu  temporal  lobe,  not  far  from  the  centre 
for  sinvU,  serves  as  a  centre  for  last*;  b»t  the  arguments  in 
fftvotir  of  this  view  are  not,  as  yet  at  least,  convincing. 


Sensations  of  Hearing. 

§  503.  The  cochle-ir  division  of  the  eighth  or  anditory 
nerve  niay  he  assumed  to  l>e  a  nerve  of  the  special  sense  of  hear- 
ing, and  of  that  alone ;  the  vestibular  division  serves,  as  we  have 
seen,  for  other  functions  than  those  of  hearing,  §  478,  but  as  wa 
shall  urge  in  dealing  with  the  senses  is  not  to  bo  regarded  aa^ 
wholly  useless  for  thu  purposes  of  that  Keuso.  Tlie  cochleur 
division  may  be  Irnved  tntu  the  btilb,  and  the  vestibular  divisioa 
into  the  lateral  auditory  nucleus  ^whieh  i>erhaiw  may  lie  regarded 
as  a  continuation  or  segmental  i-epetition  forwards  of  the  cuneate^l 
nucleus  or  of  part  of  that  nucleus),  and  into  the  cerebellum, 
the  cerebellar  continuation  being  probably  the  part  of  the  uerve 
which  serves  for  coordinating  functions.  Tlie  coiiTicctioiis  of 
the  auditory  nene  with  the  cerebral  hemisphere  belong  to  the 
same  category  as  those  of  other  iitTei«iit  cmnial,  and  we  may  adil 
spinal  nerves;  we  have  iio  very  clear  anatomical  guide  towards 
any  particular  part  of  the  cortex. 

when  we  turn  to  the  empiiical  result*  furnished  by  experi- 
ment and  clinical  observations,  we  lind  that  these,  though  even 
less  dcfmitc  and  less  accordant  than  in  the  case  of  the  senses  of  j 
sight  and  emell,  poiut  to  part  of  the  fiist  or  su]icnor  tempurnl 
(tenijmrcxpheuuidul)  convolution  (Figs-  128,  IJh,  136)  lying  iii 
the  temporal  Inlie  just  ventml  to  the  Sylvian  fis-ture,  as  being 
specially  concerned  in  hearing  in  some  such  way  as  the  occipital 
lobe  is  concerned  in  vision. 

Electrical  stimulation  of  this  region  of  the  cortex  gives  tiae" 
to  'pricking  of  the  eai-s>*  and  other  movements  such  as  are 
frequently  connected  with  auditory  sensations;  but  such  phe- 
nomena are  in  tht»  iuHtance  perha|js  to  be  dvpviided  uiion  even 
I«s.'<  than  in  other  similar  instances.  While  some  oltser\-oi-8 
maintain  that  this  convolution,  tlie  operation  including  other 
portions  of  the  temjioral  lolw  a.i  well,  may  be  reniove<l  from  a 
monkey  without  producing  any  certain  signs  of  deafness,  other 
observers  have  found  that  removal  of  it  on  one  side  affi-eled  the 
hOttriu^  of  the  uiu*  on  thu  opposito  side,  aud  removal  on  both. 
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sides  brought  the  animal  into  a  condition  in  which,  witliout 
being  perhajis  ahsnluii-ly  deaf,  il  reacled  towards  sound  in  n 
very  inifierfeot  manner  indeed,  very  different  from  its  normal 
behaviour.  The  Hcanty  clinical  histories  bearing  on  this 
matter  arc  not  very  decisiva;  for  thongb  deafness  has  been 
observed  in  cuiinoction  with  disoase  uffi-cting  the  superior  tem- 
[>onil  convuliitiuri,  the  lf.-*ioii  h;i:«  usually  iiivadi'd  other  jiorts 
as  wtfU,  and  the  dciifncj^s  lia*  bot-ii  a.'wocialcd  with  other  symp- 
tom.t,  notahlv  aphasia.  An  auditory  'aiu'a'  has  bonever  nt 
times  been  observed  in  connection  with  disease  of  thlt  region, 
as  aUo  a  peculiar  psychical  failure,  known  as  'word  deafness,' 
in  which,  though  souikLs  iiro  beard,  that  is  to  sny  auditory  sen- 
sations aru  felt-,  it  may  be  even  iw  UHual,  the  ])erception  or  pi^- 
uhit-al  Hpprei.-iation  of  thu  soundi«  in  iMekiiig,  and  u  spoken  word 
is  nut  reeogni/.efl. 

Ijastly.  we  may  add  that.,  though  as  we  said  tlie  anatomical 
leading  is  not  detiiiile.  observers  have  found  that,  in  new-born  ani- 
mals, on  the  one  hand  destruction  of  the  part  of  the  cortex  prob- 
ably Rorrespondin;*  to  the  region  mentioned  above,  leatu  to 
atrophy  of  the-  nii-diau  corpus  gcniculatum,  and,  to  some  extent, 
of  tJie  piisttirior  uorpiu  quadrigvuiinum  ;  and  on  the  other  hand 
dostniction  of  the  internal  i^r  leniL-s  to  an  atrophy  of  pitrt  of  the 
latvml  tillct  of  the  opjKtsitu  crossed  side  which  may  be  traced 
to  the  ]iosterior  corpus  quadrigeminura,  and  thence  to  the 
median  corpus  geniculatum;  and  section  of  the  lateral  fillet 
on  one  side  leads,  among  other  results,  to  atrophy  of  the 
striao  acusticiio  and  tuferculum  acusticum  of  the  crossed 
side.  Thi:4  suggests  that  tbo  path  of  auditory  impulses  ia 
along  the  cochlear  nerve  to  the  lateral  fillvt  of  the  croxsvd  I'ido. 
and  so  by  tltv  posterior  corpus  qundrigemintim  and  median 
corpus  geniculatum  to  the  oortex  of  the  temporal  lo1>e  of  that 
cn»sed  side,  the  two  latter  Ixidiea  bearing  towants  hearing  a 
relation  somewhat  like  that  borne  towartu  sight  by  the  ante- 
rior corpus  quadi-igoininum  and  lateral  corpus  geniculatum. 
But  the  matter  ncedi«  farther  investigation. 

There  remains  the  special  souse  of  lonch,  but  this  we  bad 
better  consider  in  connection  with  senaatioos  in  general. 


n 


SEC.  fi.    ON  THE  DEVELOPMENT  OF  CUTANEOUS  AND 
SOME   OTHElt  SENSATIONS, 


§  504.  The  sensations  witli  which  we  have  just  dealt  arifte 
through  impulses  piuisiiig  along  spcciiil  iiurvcH  or  parts  of  spe- 
cial nerves,  the  optic  iiervi.',  the  olfactory  nerve,  &c.;  wti  havo 
now  to  deal  with  iteiiRatioriH  arising  through  iniinilNes  along  the 
nerves  of  the  body  generally.  These  are  of  several  kinds.  la 
the  first  plitce  there  are  sensations  wliicli  we  may  speak  of  aa 
■  cutaneous  sensations,'  the  impulses  giving  rise  to  which  aro  ^ 
started  in  the  skin  covering  the  body,  or  in  the  so-callcd  mucous] 
membrane  lining  certain  pussages.  These  sensation;;,  wliioli  as'i 
we  shall  see  in  dealing  with  Uie  senses  are  dependent  on  the 
existence  of  special  terminal  organs  in  or  near  the  skin,  nro 
aensations  ot  '  touch,'  in  the  narrower  meaning  of  lliat  word, 
by  which  we  appreciate  contact  with  and  pressure  on  the  skin, 
and  the  sensations  of  *  temperature'  which  again  we  may,  as 
we  shall  see,  divide  into  sensations  of  'heat'  and  sensations  of 
*  cold.'  TIicso  sensations  may  be  excited  in  \iirying  degree  by 
impulses  passing  along  any  nerve  branches  of  which  are  sup- 
plied to  the  skin.  Then  there  are  the  8en.-«ations  constituting 
the  'muscular  sense.'  to  which  we  have  already  referred,  and 
these  again  may  i)e  escited  in  suiy  nerve  having  connections 
with  the  skeletal  muscles. 

As  wc  shall  sec  in  dealing  with  the  senses,  when  a  nerve  ia 
laid  bare  and  its  fihi-es  are  stimulated  dirocUy  cither  by  pres- 
sure, such  as  pinching,  or  by  heat,  or  by  cold,  or  in  other  ways,j 
the  sensations  which  are  caused  do  not  enable  us  to  appreciat 
whether  the  stimulation  is  one  of  contact  or  pressure,  or  of  tem- 
perature, or  of  some  other  kind ;  we  only  experience  a  *  feeling,' 
which  at  all  events  when  it  reaches  a  certain  intensity  we  apeak 
of  as  'pain.'     And  wc  have  reason  to  think  that  at  least  from, 
time  to  time  impulses  along  various  nerves  give  rise  to  sensationi 
which  have  been  spoken  of  as  those  of  'general  sonsitMlity,'" 
by  which  in  addition  to  other  .sensations,  such  as  those  of  touch 
and  of  the  miwcniar  sense,  we  Itceome  aware  of  changes  in  the 
condition  and  circumstances  of  our  body.     When  the  slimula- 
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tioD  of  tlic  8kin  cxi^eeds  ft  cerUtin  limit  nt  intensity,  the  senso 
of  totich  or  tuinjK-i'attiTe  U  loot  in,  that  in  to  nay,  is  not  ftppreci* 
(tt«cl  a.'*  Kepai-nte  from  the  sense  of  [>ain;  ami  iimler  nitnonnni 
circunistanoes  acute  HeiisHtionx  of  jtain  are  Hlarled  hv  chanf^s 
in  parts,  for  examjilo  tendons,  iho  condition  of  which  under 
normal  ciicumstiincos  w«  nro  not  conscioiw  of  npprcciftting 
through  any  distinct  8onNattons,  tlion[;h  it  may  bo  that  tlicee 
parts  do  normally  give  rise  to  feeble  impulses  contrihutinK  to 
'jTcnuml  »eri.«ibility.'  It  may  be  debated  whether  *paiu'  i«  a 
jihate  of  all  sensations,  or  of  general  nensihility  alone,  or  a  sen- 
sation siii  generis.  We  ahall  have  Botnething  further  to  say  on 
thU  matter  when  we  treat  of  the  sensm:  mi^nnwhile  it  mil  be 
convenient  fnr  present  purixisos  if  we  consider  that  the  aensa- 
ttons  we  have  to  deal  wttli  just  now  are  thu  sviisaiiuns  of  touch 
luid  of  temiKO-atiire,  tliiMO  of  the  timscular  tvum,  and  those  of 
general  sensibility  inoliiding  those  of  pain, 

§  505.  The  fairly  nonviaeing  evideniw  that  the  oecipital 
cortex  has  special  relations  with  vision,  and  the  less  clear  evi- 
dence that  oiher  Kgions  have  Bi>ecial  relations  with  smell  and 
hearing,  suggest  thnt  special  {>art»  of  the  cortex  have  special 
relations  with  the  sensations  now  under  considcriition.  liut  ia 
the  cases  of  the  senses  of  sight  and  smell  we  had  a  distinet  aua- 
tomical  lending ;  and  we  have  seen  bow  uncertain  is  ihu  e\-idence 
where  snob  an  anatomical  leading  faiLi  or  is  dHieient,  m  in 
hearing  and  taste.  In  the  case  of  sensations  of  ihe  Imdy  at 
large,  the  anatomical  leading  similaily  fails  us.  Moreover,  if 
our  judgment  concerning  the  visual  sensations  of  animals  oper- 
ated on  if  difltcult,  how  much  mom  diDicult  must  be  our  judg- 
ment concerning  thvir  MiWfttioiui  of  touch  and  (ciiiperature.  Bad 
even  of  ptun  ? 

As  we  have  already  urged  (5§  ******  "^^^l  olwerrations  Ri«de 
on  man  himself  whether  in  the  cnoea  where  it  has  been  possible 
to  stimulate  the  cortex  by  an  electric  current,  or  in  rvsj>ect  to 
the  ]jhenomena  of  disease,  such  as  the  aura  of  epileptic  attacks 
and  the  like,  shew  most  distinctly  that  the  »o<-Hlled  motor  region 
of  the  cortex  is  closely  tu^sociut^tl  with  Hciututiomt,  and  that  par- 
ticular iirenK  of  lhi.t  region  are  e^iiecially  assoeiwu-d  with  sensa- 
tion* originating  in  imrlieuliir  jiarts  of  the  1>i>dv.  Wo  havo 
ilsoseen  that  exiKirimenta  on  monkeys  confirm  this  view;  the 
remo^'al  of  a  motor  arca,  that  for  instance  of  the  hand,  entails 
not  only  loss  of  movement  in  the  hand,  hut  also  loss  or  impair- 
ment of  sensation  in  the  hand,  lasting  as  long  at  least  as  the 
loss  or  impitirment  of  the  movements;  moreover,  so  far  as  can 
be  leanit,  all  sensations  are  affected  by  the  removal  of  the  cortex, 
thoM  of  pressure  and  tvm[>eraturv  iu<  well  as  those  of  the  mnscu- 
larsense  and  of  pain,  Sintihir  results  have  also  Wen  obtained  in 
the  dog.  Hfi  that  the  evidence  twenis  convincing  that  the  piirietAl 
re^on  of  the  cortex,  while  it  has  sjiecial  connections  with  volun- 
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tary  movementHt  has  at  the  snme  time  special  connections  with 
cut»n(!ou!i  and  otJior  sensations,  himI  in  both  relations  nmy  be 
iDapiwd  out  into  iirca.s  uorr^-sponilin^  to  parUt  of  thu  body. 

liut  tills  nialturof  tlio  MoiisatinnM  itt  one  of  oven  Ki'<-'<n«r  com- 
plexity llian  that  of  voluntary  movements.  This  i-s  stiewn  atnon^ 
other  tilings  liy  the  fact  that  the  sensations  with  which  vre  ano 
now  dealing  may  be  profoundly  affected  by  operations  on  part« 
of  the  cortex  other  than  the  aliove  region.  In  the  dog,  for  in- 
stance, accoidinjf  to  many  observers,  reino^-al  of  almost  any  part 
of  thu  corU.-x  inipAirs  cutaneous  sensations,  thtt  amount  and 
duration  of  the  effect  Iwing  brnadly  piO]icirtioiiat(!  to  the  extent 
of  cortex  removed,  thonjfh  operations  on  the  frontal  reijiori  liavei 
the  least  effect-  Other  observers  again  have  found  that  in  Uie 
monkey  removal  or  destruction  of  the  gyrus  fornicatus  (Figs.  122, 
124)  on  the  mesial  surface  of  the  brain,  ventral  to  the  calloso- 
marginal  sulcus  which  forms  ou  the  mesial  surface  the  ventral 
limit  of  tlio  motor  region  (an  opLMation  of  very  great  difficult)'^ 
has  brought  the  whole  of  the  ojiposito  side  of  the  Ixidy  to  a  con- 
dition wiiii^h  has  been  described  as  an  anesthesia,  that  'a  n  U 
of  all  cutaneous  tactile  sensations,  and  an  .analge^a,  that  is  ai 
loas  of  sensations  of  pain,  the  condition  being  accompanied  by 
little  or  no  impairment  of  voluntary  movements  and.  though 
apparently  diimnijtLing  as  Uino  went  on,  lasting  until  the  death 
of  the  animal  Momc  wueks  afterwards.  Again,  removal  of  the 
continuation  of  the  gyrus  foniieatns  intfl  the  gyrus  hip[>ocainpt 
lias  in  other  instances  led  to  a  more  transient  anesthesia  also  of 
the  whole  or  greater  part  of  one  side  of  the  body.  And  it  i« 
asserted  that  removal  of  no  other  region  of  the  cortex  interferes 
with  cutaneous  and  painful  sensations  in  so  striking  and  lasting 
a  manner  as  docs  the  removal  of  i»arts,  or  of  the  whole  of  this 
mesial  rt*gion.  Those  contradictory  rosults  shew  how  complex 
and  difhoult  the  subject  in. 

§  506.  We  may  now  attack  the  problem  in  a  dififcrcnt  way, 
and  instead  of  beginning  with  the  cortex  begin  with  afferent 
impulses  started  along  afferent  nerves  fi-oni  their  jterijiheral 
endings,  and  attempt  to  trace  them  central wtirds.  And  flnt 
we  may  call  to  mind  what  anatomical  guidance  we  possess. 

We  hjivc  seen  (§  4-^2)  that  the  fibres  of  posterior  roots,  the 
channels  of  afferent  impulses,  eiul  iu  the  spinal  cord  in  at  least 
tMO  main  ways.  One  set  are  continued  <ui,  not  broken  by  any 
relays,  in  the  median  posterior  tract,  and  by  this  tnict  represen- 
tatives of  all  the  spinal  nerves  are  connected  with  the  gracile 
nucleus  in  which  the  median  posterior  column  ends.  The  other 
fibres  of  a  posterior  root  end  lu  the  grey  m«tt«r  of  the  cord  not 
far  from  their  entrance ;  we  have  reason  to  think  that  they  aro 
brought  into  contact  by  arborescent  endings  collateral  or  ter-  i 
minal,  with  thu  boilies  or  processes  of  certain  cells  in  the  grey 
matter.     Putting  aside  aa  foreign   to  our  prv»eut  subject  the 
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probable  cndiiics  in  contact  with  motor  cells  whiub  s«cm  to 
afford  the  invcniiiiisin  for  many  reflex  actions,  mc  may  distin- 
gtiLsh  al  leujtt  two  other  kinda  of  ending.  We  have  reason  to 
chink  that  xome  of  the  fibres  make  connections  by  contact  with 
the  cells  of  the  vesiculitr  cylinder.  Clarke's  column.  We  have 
further  reason  to  think  that  «xiii-cylindur  processes  of  these 
cells  of  the  vcsiculiir  cyliiidi^r,  }^  to  form  ibo  cercbcllaF  tract, 
which  wo  uiity  assutnu  to  be  ao  KfFvrciit  tract,  and  which  may 
be  traced  through  lh«  re^tiform  Uxly  to  the  cei-vlxdiuin  in 
connection  with  certain  cell.t  of  which,  e^peciiLlly  those  of  the 
nucleus  dentatiLs,  the  fibre.i  of  the  tract  end.  Now  though  tlie 
cerebellum  ia  connected,  in  an  indirect  way  it  is  true,  with 
the  cerebral  cortex  we  have  no  erounds  for  thinking  that  the 
ccnrlxfllum  U  cunccrucd  with  the  uuvclopmcnt  of  the  sensations 
with  which  wc  arc  now  concerned  :  when  the  whole  cerebellum 
is  removo<l  there  is  no  apparent  nffvctiun  of  outniiuouis  sensations. 
We  may  lhci«fore  dismiss  the  cerebellar  tract;  the  afTurcut 
impnlRcs  passing  along  it  have  probably  to  do  with  the  coordi- 
nation of  movements  affecting  equiliDrium,  but  they  are  not 
the  impulses  which  become  developed  into  conscious  sensations 
of  touch  or  of  piiin. 

'Ilic  other  fibres  of  the  posterior  root  of  which  wo  are 
speaking  end  in  connection  with  other  cvUs  of  the  grey  matter. 
From  these  cells  we  have  reason  to  think  librtw  originate  and 
pass  upward  in  the  white  matter.  Some  of  tliese  we  may 
aLstJnguiAh  as  the  'ascending  antero-lateral'  tract;  but  our 
knowledge  here  hecomea  less  definite.  Some  of  the  proces^eB 
of  the  cells,  witli  which  the  posterior  root  fibres  make  connec* 
lion,  end  as  they  begin  within  the  grey  matter  of  the  coi-d  itself, 
ID  connection  with  other  culls  of  Uic  grey  matter;  and  even 
tbose  which  travel  beyond  the  cord  appear  to  go  no  farther  than 
the  bulb,  ending  in  connection  with  cell;*  in  tliat  structure,  more 
particularly  with  the  celts  of  the  gracile  and  cuneate  nuclei. 
So  fisT  as  our  present  knowledge  goes  there  is  no  definite  tract 
Erom  variniiB  pitrts  of  the  cord  to  the  bnun  oompamble  to  the 
mrramidal  tract  from  the  brain  to  various  ports  of  the  cord. 
The  passage  of  afferent  impulses  un  their  way  to  become  con- 
scious sensations  is  from  the  first  a  s^-stom  of  relays.  There  is 
a  first  relay  where  ttio  ending  of  the  root  fibre  makes  conneo- 
tiona  with  a  nerve  cell  in  the  adjoining  grey  matter,  or  in  the 
graoile  nucleus.  There  is  in  the  former  ease  a  further  relaj-  in 
the  bulb  at  least,  and  possibly  in  some  instances  other  relays 
in  the  grey  matter  of  the  cord  on  the  way.  The  path  to  the 
bulb  thus  supplied  by  the  fibres  and  their  relays.  Keeps  to  a 
large  extent  on  the  same  aide  of  the  cord,  though  some  croao- 
ing  is  observed. 

From  the  bulb  onwards  one  definite  path  only,  and  that  a 
narrow  one,  ts  marked  out  anatomically  by  the  mHij^"  fillet 
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Sre  may  as  urged  above  neglect  the  ties  betn-een  the  bulb  aactj 
e  cerebellum).  This,  starting  from  the  gracile  and  cune 
nuclei  find  crossing  at  tho  intorolivury  luyvr,  passes  on  through 
the  niid-hriiin  to  the  optiu  tlialamus  with  the  cells  of  winch 
it8  fibres  stjcm  to  make  connections,  though  aocoi-ding  to  «oiiie 
observeni  part  of  the  tillet  is  continued,  witliout  relaj's,  right  to 
the  oerebi-at  cortex.  But  if.  aa  is  stated,  the  destruction  of  the 
two  nuclei  followed  by  complete  degeneration  of  the  fillet  en- 
tails no  obvious  loss  of  scnsution,  thi!  affcront  impulMS  pn^'ng 
along  it  must  bo  of  a  jwciiliuc  kind.  Other  fibres  of  the  anterior , 
latenil  uolunin.-i,  aome  M  least  of  which,  probably  most,  if  not  all, ' 
we  may  regard  a-s  afferent,  in  nature,  pass  into  the  reticular  for> 
mation  of  the  bulb,  and  thence  onward,  probably  more  or  leas 
by  relays  into  the  tegmentum. 

§  507.     Ilow  do  experimental  results  and  clinical  histories 
accord  with  »ucli  an  aimtomioul  programme? 

Wu  may  firat  call  utt'Ciitioii  to  a  !<omewhat  old  uxjwrlmont. 
We  have  »een,  §  liJ8,  that  afferent  impulses  started  in  atft-rciit 
libreK,  in  lho»e  for  instance  of  the  sciatic  nerve,  so  aff<^t:t  the 
vaso-motor  centre  in  the  bulb  as  to  cause  a  rise  of  blood-pressure, 
at  least  in  an  animal  under  urari.  Thotie  afferent  impuUea 
must  pass  by  some  path  or  oilier  from  the  root:^  which  supply 
the  sciatic  nerves  with  aOTcrcnt  fibres  along  the  thoracic  and 
ccrviual  cord  to  thi;  bulb.  If  the  path  be  bVockL-d,  the  stimuhi- 
tion  of  the  sciatic  ui^rve  will  fail  to  produce  the  n.>4unl  rise  of 
blood-pressure.  Now  in  a  rabbit,  the  amount  of  ri^e  of  hlowl* 
pressure  following  ujmn  the  stimulation  of  one  sciatic  nerve  with 
a  certain  strength  of  current  having  been  ascertained,  it  is  found 
that  a  much  loss  rise  of  blood-pressura  or  none  at  all  follows  the 
same  stimulation  after  division  of  certain  parts  of  the  cord  in 
the  mid  or  upper  tlioriicic  rt'jjion ;  that  is  to  say,  the  section  of 
the  cord  has  partially  or  complelely  blocked  ihe  patli  of  (he 
afferent  impul:ies.  ^nrther,  the  block  U  coaspicuous  when  the 
lateral  column  is  divided,  and  is  not  increased  by  other  parts  of 
the  coitl  being  divided  at  the  same  time ;  when  both  lateral 
columns  are  divided  tho  block  is  almost  complete.  And  further, 
supposing  ono  sciatic,  say  the  right,  is  the  one  which  is  stimn- 
lated,  a  block  occurs  Ituth  when  the  lateral  column  of  thi;  same, 
right,  side  and  when  that  of  the  crossed,  left,  side  is  divided, 
but  is  greater  when  tht;  division  is  on  the  crossed  than  when  it 
is  on  the  same  side.  .\nd  similar  resulta  were  obtained  when, 
the  exneriment  being  conducted  in  a  similar  way,  signs  of  pain 
inst4>aa  of  variations  in  blood-prossuro  were  taken  aa  the  tc^ensj 
of  the  blocking  of  impulses.  We  may  infer  that  Uie  inipul8ea,f 
which  reach  the  lumbar  cord  by  the  roots  of  the  sciatic  nerve, 
travel  up  the  cord,  or  rather  give  rise  within  the  lumbar  cord 
to  nervous  impulses,  which  travel  up  the  cord  in  such  a  manneri 
tliat  in  the  lower  thoracic  region  they  pasa  almoat  exclosively^ 
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alon^  the  libreB  of  the  lateral  column,  some  having  kept  to  the 
same  aide  of  the  cord,  but  more  having  crossed  over  to  tne  oppo- 
site side,  before  reaching  the  tlioracic  region.  Though  these 
vaso-motor  exporimuubt  nave  a  crniain  value,  iiimniuen  08  the 
results  gained  by  them  are  more  or  letu  diittinctly  quantitative 
and  memturitble,  many  ohjectionei  may  lie  urged  against  their 
validity  as  affording  a  general  proof  of  the  course  taken  in  the 
cord  by  impulses  giving  rise  to  lieusations.  They  were  conducted 
on  ralibibi.  aninmls  low  in  scale  and  especially  so  perhaps  in  re- 
spect to  the  spiniil  curd,  they  were  limited  to  one  region  of  the 
cord,  tlic  ot»crviilion.i  were  made  immediately  after  llie  division 
of  the  cord.  Ix-fme  tlie  immediate  effects  of  the  operation  had 
pitted  off ;  and  f  ni-ther.  it  may  be  urged  that  impuUes  affecting 
the  vaso-motor  centre  may  not  be  identical  with  those  giving  rise 
to  sensations. 

Many  experiments  have  been  made  on  dogs ;  and  if  we  con- 
tent ourselves  with  making  no  distinction  between  the  different 
kinds  of  afferiMit  impulses  and  in  the  case  of  tlie^e  animals  it 
would  hanlly  be  profitable  to  attempt  to  make  a  dlitinctlon.  wo 
may  say  that  the  several  experimenta  so  far  agree  that  they  [x>int 
to  the  lateral  columns  as  being  the  chief  paths  of  afferent,  sensoiy, 
impulses,  or  to  speak  more  exactly,  to  the  passage  of  these  im- 
pulses being  especially  blocked  by  section  of  the  lateral  columns, 
borne  ohserven;  fmd  that  in  the  dog  a  section  of  the  lateral  column 
on  one  side,  or  at  least  a  hemisectioii  of  the  cord,  produces  '■lasa 
of  sensation '  on  the  opposite  »ide  greater  than  on  the  .'«amt-  side, 
or  confined  to  the  op|Mwite  wide,  and  even  accom|>anied  by  an  ex- 
altation of  sensation,  a  h^ixtresthesia.  on  the  same  side.  Other 
observers  again,  and  these  certainly  competent  observers,  tind  that, 
in  the  dog.  section  of  one  side  affects  sensation  on  both  sides,  and 
indeed  chiefly  ou  the  same  side.  Wu  may  |>crha[<8  once  more  re- 
peat the  vraming  huw  dtflicult  is  the  quantitative  and  qualitative 
determination  of  »en.sation.s  in  Huch  an  animal  att  the  dog;  and  may 
remark  that  in  all  rht-.st^  canen  of  unilateral  section  the  increased 
blood  supply  dne  to  failure  of  the  normal  vaflo^;ons  trie  tor  tone 
mttst  intluence  the  peripheral  development  of  sensory  impulses. 

In  these  experiments,  as  in  those  on  voluntjiry  movementd, 
it  is  most  important  to  distinguish  between  immediate  or  tem- 
pororj-  and  more  lasting  effects  ;  and  observer*  have  found  Iliat 
the  Iwis  of  st^'iiKation  following  a  hemisection  of  the  cord,  like 
the  loft*  of  voluntary  movement,  is  teraiiorary  only,  and  event- 
ually disappears,  though  the  recovery  is  slower  and  less  complete 
than  is  the  case  with  movements.  As  with  voluntaiy  movement 
(§  491)  so  with  sensation,  recovery,  though  li>s8  complete  than 
that  of  movement,  is  possible  when  a  hemiseclion  ou  one  side 
has  been  at  a  later  (late  followed  by  a  hemisection  on  the 
other  si<le. 

The  experiments  on  roookeya  an  in  like  manner  neither 
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aocoriliint  iKir  ilLTisivv;  uiid  evt-n  iii  thviiu  animnls  vith  their 
tiiort;  viiried  signs  of  Ki:ii8ii( ions,  the  i uteri tretatioii  of  t1iett«sigtui 
is  ^)villl  witli  fitll;iciei<.  Home  oK>4erver»  have  foiiiid  that  a  homi- 
Keutiuii  (ill  tlie  thnracio  region)  pi'odiined  InsA  of  seii.satioii  ou 
llif  cru^i^ed  Hidt!,  accompanieil  by  little  or  no  loss  on  the  namQ 
side;  otKer  ohservew  again  have  failed  to  ohtiiin  afterahemiseo-'' 
tion  satiafactoiy  proof  of  any  such  murkcd  loss  on  the  ciDwied 
side ;  tlioy  tiiid  oti  the  goutniry  that  impulses  giving  rise  to  seu- 
fifitioris  ui  touch  and  of  tvnipvi'atui'e,  as  well  an  thosu  concurned 
ill  the  muscular  sense  pass  up  the  same  side,  while  those  giving 
rise  to  pain  sepin  lo  piiss  up  both  »idett,  that  U  to  say  pi-olwhly 
ti-avel  alonj^  tha  grey  matter.  Further,  large  portions  of  the 
lateral  ooluran,  the  more  internal  parts  a<Ijaceni  to  the  grey 
matter  being  left,  have  been  removed  without  any  very  obvious 
and  certuiuly  without  uuy  luiiting  defects  of  eensation  on  the 
one  side  or  on  tlic  othur. 

§  SOS.  Turning  now  tonmn  we  Qnd  that  clinical  vxpenence 
shuwH  that  iti  him  the  integrity  of  the  cerebral  hemispheres, 
aJid  of  the  connection  of  the  hemispheres  with  the  rest  of  the 
central  nervouH  system,  is  essential  to  the  full  development  of 
sensations ;  and  that  in  this  i-espect  eiieh  hemisphere  is  related 
to  the  crossed  side  of  the  body.  A  wry  common  form  of  paraly- 
sis or  'stroke '  is  that  due  to  ii  lesion  of  i«onit*  iiiut  of  one  hemi- 
sphere (the  exact  position  of  the  lesion  nee^l  not  concern  us 
now),  frequently  caused  by  rupture  of  a  bloocl  vessel,  in  which 
the  p:itient  loses  all  power  of  voluntary  movement  and  all  seiu 
tious  on  the  crossed  side  of  his  body  (including  the  face);  ht 
is  said  to  be  sul^eriug  from  hemiplegia,  'one  sided  stroke.' 
Not  only  do  voluntary  im|)ul.ses  fail  to  reiith  the  muscles  of  the 
affected  side,  but  sensory  impulses,  such  as  ihosv  which,  stJuted 
for  instance  in  the  skin,  would  under  normal  conditions  lead  to 
Kensatiims  of  touch,  of  heat  or  cold,  or  of  pain,  fail  to  effect  con- 
sciousness, when  they  originate  on  the  affected  side ;  the  [latteut 
cannot  on  that  side  led  a  rough  surface,  or  a  hot  body,  or  the 
prick  of  II  pin.  The  same  ia  true  when  the  lo&a  of  sensation  is 
not  complete,  but  [Hirtial. 

Further,  though  perhaps  anatomical  considentions  would 
lead  us  to  expect  that  a  great  deal  of  tJm  crossing  tofjk  place  in 
tJie  spinal  hulh.  clinical  histAries  moreover  agree,  at  least  to 
Urge  extent,  in  shewing  that  much  takes  place  in  the  cord,  soi 
that  when  the  lesion  is  conlined  to  one  half  of  the  cord,  the  sensft-' 
tions  affected  in  the  parts  below  the  level  of  the  lesion  are  chiefly 
or  even  exclusively  those  of  the  crossed  side.  But  there  is  nti 
entire  accordance  among  observer,  especially  as  to  the  crossing 
being  complete.  And  with  regard  to  the  muscular  sense  there 
is  a  distinct  con6ict  of  opinion;  the  majority  of  cases  seem  to 
shew  that  in  onilaU'ral  disease  or  injury  to  the  cord,  the  muscu- 
lar sense  in  company  with  tlie  voluntary  movemeuU.  faihs  on  tfas 
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same  side ;  Init  cnses  luiT*  been  raconled  in  which  the  muaoular 
sense  ill  eoinpnity  with  other  eenaittioiM,  seemod  to  be  affected 
on  tht;  ciiMited  .side ;  it  must  be  remembered  however  that  it 
is  very  difficult  u>  appreciate  a  detlciency  of  niiiMcuInr  sciixc 
mingled  with  deticieiicies  in  other  tiensatioiiH,  and  we  should 
d  priori  expect  the  muscular  sense  to  nm  parallel  with  motor 
impulses. 

The  clinical  historios  of  diseases  of  the  spinal  cord  in  man 
bring  to  light  in  n  fairly  clear  manner  a  fact  ot  some  importance, 
namely,  that  tlie  seveml  impuUot  which  form  the  bises  of  the 
several  kinds  of  neimationit,  of  touch,  heat,  cold,  and  pain,  and 
of  the  mUHcular  Rense,  are  transmitted  along  the  cord  in  difTerent 
waya  and  presumably  by  different  structures.  For  disease  may 
impair  one  of  these  sensations  and  leave  the  others  intact.  Thus 
cases  of  spinal  disease  arc  recorded,  in  which  on  one  side  of  the 
body  or  in  one  tinib  ordinary  tjictile  scnu^atioiis  socnicd  to  be  little 
impaired,  and  yet  »en:tntion»  of  pain  were  aUv-nt ;  when  a  needle 
wild  thrust  into  the  .skin  no  pain  wa.-*  fell,  though  the  patient  was 
aware  that  the  needle  had  been  pressed  upon  the  akin  at  a  pat^ 
tionlar  spot ;  and  conversely  in  other  cases  pain  has  been  felt 
upon  the  insertion  of  a  needle,  though  mere  contact  with  or 
pressure  on  the  skin  could  not  be  fippreciated.  Again,  cases  are 
recorded  in  which  the  skin  was  sensitive  to  touch  or  pain,  but 
not  to  vuriations  of  tomperuturu  ;  it  is  further  stated  tlitti  cases 
Imvu  been  met  with  in  which  cold  could  be  appreciat^^'d  but  not 
heat,  and  vice  ivma;  and  there  are  itome  factst  which  point  to 
sensations  of  pain  Iteing  more  closely  associated  with  those  of 
heat,  and  t,totile  sensacions  with  those  of  cold,  than  those  of  pain 
with  those  of  touch  or  those  of  heat  with  those  of  cold.  Cases 
of  spinal  disease  are  also  recorded  in  which  the  muscular  sense 
appeared  to  be  affected  apart  f lom  other  sensations.  We  shall 
return  to  these  matti;rs  later  on  in  dealing  with  the  senses ;  we 
refer  to  them  now  simply  as  shewing  tlint,  disease,  limited  as  far 
AS  can  be  ascertained  to  the  spinal  cord,  may  affect  the  several 
sensations  separ.'ilely,  and  therefore  as  suj^stjng  that  the  sev- 
eral kinds  of  impulses,  foimini;  the  bases  of  tlie  several  kinds  of 
oenaation,  are  transmitted  in  (Ufferent  ways  and  follow  different 
'paths  ■  along  the  spinal  cord. 

When  however  mo  appeal  to  clinical  histories  or  indications 
as  to  the  several  iiaths  within  thv  spinal  cord  taken  by  these 
several  impulses,  tliu  answer  is  a  moist  uncertain  one,  as  indeed 
might  bu  expeotiMl  from  the  too  often  diffuse  ohanictcr  of  the 
lesions  of  discnse ;  an<l  it  is  perhaps  not  too  much  to  any  that 
no  satisfat-torv  deductions  at  all  can  be  made. 

§  509.  Whether  then  we  turn  to  exiioriments  on  aniniaU  or 
to  the  study  of  disease,  the  teachings  with  regard  to  sensation. 
in  contrast  to  those  with  regard  to  voluntary  movement,  arc  in 
the  highest  degree  uncertain  and  obscure.     A  few  general  reflec- 
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tinns  will  perhaps  belp  us  to  approciute  tlm  value  of  sucli  facta 
as  wo  possess. 

Wv  htivv  seen  reason  to  tliiiik  that  in  ovcry  uiovcment 
whetJiur  voluntary  and  of  cortical  ori^pn,  or  involiiiitaty  and 
BtArt«il  either  a&  »  simple  spinal  reflex  or  through  the  vorlcitic- 
of  ^nine  part  or  other  of  the  brain,  the  motor  impulses,  which 
sweep  down  the  motor  fibres  to  the  muscles,  issue  marshaUec~ 
and  coordinated  from  the  grey  matt4>r  of  the  cord  (for  the  aaka^ 
of  clearneKs  we  may  omit  tliu  crauial  nerves),  from  what  we  have 
called  the  mutor  mechanisms  of  the  cord.  Analogy  would  ilvod 
us  to  suppose  tliat  the  afferent  impulses,  forming  the  bases  of 
tjie  Kovei'al  kind.t  of  sensations,  similarly  left  the  afferent  tlbres, 
to  join  the  gi'ey  matter  of  the  cord  in  what  we  may  call  the  sen-l 
sory  mechanism.  And  such  anatomical  leading  as  we  pos 
seems  to  support  this  view;  with  the  exception  of  the  mediant 
posterior  tnict,  to  which  we  will  return  immediately,  all  the  fibres 
of  a  posterior  root  seem  to  end  in  the  grey  matter  not  very  far 
from  the  entrance  of  the  root.  We  have  seen  that  a  coordinate 
reflex  movement  may  be  carried  out  by  at  least  a  few  sogmenU 
of  the  cord :  that  a  reilex  movement  may  be  started  by  stimuli 
of  various  kinds  and  therefore  presumably  by  afferent  impulse*  of 
various  kinds ;  and  that  impulses  forming  the  basis  of  the  mus- 
cular sense  are  essential  to  the  coordination  of  the  movement. 
All  our  knowledge  goes  to  shew  that  in  a  reflex  movement  car- 
ried out  by  a  few  segments  of  the  eord,  the  whole  chain  of  events 
between  the  arrival  of  the  afferont  impulses  along  the  posterior. 
root  and  the  issue  of  efferent  impulses  along  the  anterior  root' 
may  be  carried  out  by  grev  matter,  and  grey  matter  alone.  We 
may  further  infer  that,  while  on  the  one  hand  the  same  proco' 
dure  might  obtain  not  through  a  few  segments  only  but  alon^ 
tlie  whole  length  of  the  cord,  there  would  be  an  advantage,  espe- 
cially in  respect  to  the  rapidity  of  transmission,  in  employing 
intvrnunoial  tracti«  of  fibres  between  the  svvcral  segments,  the 
advantage  being  greater  the  more  distant  the  segments  which 
have  to  work  together. 

We  might  further  suppose  that  it  would  be  of  advantage  to 
possess  some  direct  path  between  the  cerebral  cortex  and  the 
spinal  sensory  mechanism  immediately  connected  with  the  pos- 
terior root,  such  as  is  afforded  by  the  pyramidal  tract  between 
the  cortex  and  the  spinal  motor  muchauism  immediately  cott- 
neoted  with  the  anterior  root.  But  no  anatomical  evidence  of 
such  a  tract  is  fortlicoming;  and,  as  we  have  before  remarked, 
along  all  the  tracts  which  se>em  to  be  sensory  in  nature,  in  con- 
trast to  what  takes  place  in  the  motor  tnots,  relays  of  grey 
matter  are  continually  being  interpolated. 

The  median  posterior  tract,  since  it  gathers  up  representa- 
tives of  successive  nerves,  presents  itself  as  the  nearest  approach 
to  such  a  seosory  homologue  of  the  pyramidal  tract,  though  it 
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ends  in  the  bulb,  and  U  not  oonlinued  on  rlirectly  to  the  cortex. 
And  possibly  it  doeii  play  a  xomewliat  analoj^MLS  part,  in  »o  far 
as  it  serves  as  a  special  counection  Ijetweeii  the  lii-ain  and  the 
wholu  Homs  of  spinal  nerves.  But  wo  are  wholly  ignorant  as 
to  what  it  roally  docs ;  and  whatever  be  the  exact  nature  of  the 
part  which  it  plays,  there  is  no  aduqiiatv  evidence  eitJier  from 
climcftl  histories  or  from  experiment  that  it  has  relations  to  one 
kind  of  flensation  only.  It  has  indeed  been  supposed  by  some 
to  be  especially  a  tract  for  the  impulses  of  the  niusoular  st-nse ; 
but  neither  esperiment  nor  clinical  study  aSori)»  ade<}uate 
proof  of  this  view.  Tlie  condition  known  as  locomotor  ataxy, 
the  salient  feature  of  which  is  loss  or  impairment  of  muscu- 
lar sense,  is  assuuiAted  with  disoaso  of  tlie  posterior  root  and 
of  its  vntnince  into  the  cord,  not  with  disease  confined  ex- 
clusively to  the  median  posterior  column.  Moreover  the  tract 
cannot  carry  all  the  impnUte-s  of  niuscntar  sense,  since  some 
of  them  must  pass  at  once  into  the  gi"ey  matter,  to  take  part 
in  the  coordination  of  reflex  movements,  and  must  therefore 
travel  by  fibres  which  do  not  form  this  tiuct.  Similarly  is  there 
DO  adequate  proof  of  the  tract  being  au  exclusive  channel  for 
tactilu  or  for  painful  sensations.  Possibly  it  has  some  sjwcial 
relations  to  all  the  different  kinds  of  sensation. 

We  may  al^o  perhagis  uif^e  similar  considerations  with  ref^rd 
to  tlie  cerebellar  tract,  which  though  starting  from  a  relay  of 
grey  matter  is  thence  onward  to  the  cerebullum  a  continuous 
tract.  This  tract  also  has  been  supposed  to  carry  impubes  of 
s  special  kind,  and  more  particularly  those  of  muscular  sense. 
But  even  admitting  that  the  tract  docs  convey  impulses  derived 
from  the  muscles  and  their  appendages,  whieh  impulses  the 
oeiebelhini  makes  use  of  in  its  work  of  coordinating  movements, 
especially  thoae  concerned  in  equilibrium,  it  cannot  be  the  chan> 
net  for  the  ordinary  impulses  of  muscular  sense,  since  these 
remain  after  total  removal  of  the  cerebellum.  Nor  doea  cither 
experiment  or  clinical  study  afford  in  other  ways  any  clear 
proof  that  this  tract  is  solely  or  even  especially  couoemed  with 
the  muscular  sense. 

With  regard  to  the  antero-lateral  or  other  ascending  tracts 
our  knowledge  is  too  im^wrfeot  to  justify  us  in  supposing  that 
any  one  U  the  special  or  exclusive  channel  for  any  one  kind 
of  sensation,  or  indeed  in  di&wing  any  conclusions  at  all  cou- 
ceming  it. 

But  when  we  subtract  from  the  white  matter  of  the  cord 
those  continuous  tracts  of  iwcending  degeneration  of  presumably 
sensory  or  afferent  function,  anil  the  conlinuoiL'*  tract*  of  descend- 
ing degeneration,  which  we  may  conlidentlv  speak  of  as  motor 
or  at  least  efferent,  there  are  left  only  the  bbres  which  we  may 
suppose  to  be  longitudinal  c^mmissuial  or  intemuncial  fibres 
between  successive  segments.     We  are  thus  driven  to  the  pro- 
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visional  nonclusinn,  that  sensory  JmpiilBoa  pf)£8  either  by  th« 
grey  matter  alone,  or  by  a  series  of  steps  as  it  were,  by  r«lay<| 
of  grey  tnatter  conncctml  by  iiit«niunciiu  tnictK  of  fibrvs,  whose'' 
length  wc  do  not  know,  but  wliieb  may  be  »'liort.     Thiit  such 
i II Uirii uncial  truuts  inUirveiie  is  rendeieci  probiiblu,  on  the  one 
hnnd  I13-  Mk!  fact  that  .section  of  tlio  white  niatt«r,  leaving  tho 

Epy  nntoiiched.  dtjes  affect  sensations,  and  on  the  other  hand 
the  fact  that  the  several  kinds  of  sensation  appear  to  travel 
mg  the  cord  by  separate  paths,  or  at  least  may  be  separately 
blocKed.  But,  if  we  accept  this  view,  wo  must  at  tlie  same  time 
admit  that,  in  animals  at  leasu  the  liaus  provided  by  the  tnter- 
nunuial  tract;)  and  tla-ir  re-lays  aru  nut  rigid,  that  within  limits 
and  uridur  circunLstaiice-s  alternative  routwt  arc  possible. 

§  510.  We  may  hem  perhaps  rai.te  once  moixs  and  Ihis  time 
moi-e  pointedly  than  before,  the  doubt  whether  we  are  ju.siitied 
in  assuming,  as  we  generally  do  assume,  that  the  events  which 
take  place  in  the  fibres  connecting  relays  of  grey  matter  withia 
the  central  nervous  system,  are  exactly  the  same  as  those  which 
take  pbico  in  tliv  fibruH  of  nerves  outside  the  central  system, 
during  th«  nasatige  of  what  w«  call  a  nervous  im])ul8e.  Most  of 
ourkiiowleage  of  a  nervous  inipul.su  has  been  gained  by  the  study 
of  the  motor  nerve  of  .1  mn."icle-nerve  preparation.  Our  know- 
led^  of  the  proce-'wes  in  afferent  nerves  is  much  more  imperfect. 
And,  with  regard  to  the  processes  taking  place  in  fibres  within 
the  central  nervous  system  we  have  hardly  any  esact  expenmental 
knowledge  at  all.  It  has  been  maintained  by  many  observers  that 
not  only  the  groy  matter  but  also  the  tracts  of  white  matter  in 
the  spinal  cortl,  white  tliey  arc  capable  of  conveying  impulses  in 
one  diix'ction  or  the  other,  are  incapable  of  being  so  cxi-itcd  by- 
artificial  stimuli  as  to  generate  new  impulses.  1  hese  ohttervtii-s 
maintain  that,  when  movements  or  aigns  of  sensation  follow  tlie 
direct  stimulation  of  various  parts  of  the  cord,  the  effects  are  due 
to  issuing  motor  fibres  or  entering  sensorj-  librefl  having  been 
stimulated,  and  not  to  a  stimtdiiiion  of  the  intrinsic  substance  of 
the  parts  themselves ;  they  propose  accordingly  to  call  tlwsc  parta 
"kincsodic'  and  'iitsthcsodic'  respectively,  that  is  t«  say,  serv- 
ing as  patlu  for  motor  or  seneort-  impulses  without  being  them- 
selves either  motor  or  sensory-  f  he  cndenoe  on  Ute  whole  goes 
to  shew  that  this  view  is  a  ralstMken  one,  that  the  vanons  tractit  of 
the  spinal  cord,  like  the  pyramidal  ti-aot  and  indeed  other  parts  of 
the  brain,  are  excitable  towartls  artiticial  stimuli.  The  4]uestion 
cannot,  however,  he  eonsiden>d  as  detinilely  closed ;  and  the  veiy 
hot  that  it  lias  been  niised  illustrati's  the  point  on  which  wo  are 
now  dwelling.  Wc  may  further  quote,  in  similar  illustration  of 
the  same  point,  the  following  remarkable  fact  which  wa«  observed 
in  the  .scries  of  experinientit  referred  to  in  §  481  on  the  effect*  of 
repeated  hemisection  of  the  spinal  cord  in  dogs.  'Ilie  animal  had 
partially  recovered  voluntary  movements  in  his  hind  limbs  after 
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a  thin!  hemisectinn  of  the  thonuMC  cord,  and  y«t  when,  «t  his 
ileath.  n  .itrong  tetanizinf:^  ciiiTent  wns  directetl  through  the  bulb 
and  cervical  cord,  do  movements  of  the  hind  limbt  followed: 
the  impulses  started  by  artlticiid  atimulation  could  not  pass  tJie 
bridge  which  sulliucd  for  volitional  inipiiLteit  of  natural  origin. 
It  w  not  too  much  to  say  that  our  ex[NiriinL-iitaL  knowk-dge  us  to 
the  events  which  Jicconipany  the  activity  of  the  structures  within 
the  central  nervoikt  aydteni  is  almost  entirely  limited  to  (lie 
recognition  of  the  '  currents  of  action  '  referred  to  in  §  48B.  We 
are  already  going  beyond  our  t«ther  when  we  assume  on  the 
strengili  of  uiis  that  the  processes  started  in  the  fibres  of  the 
pjnimtdnl  tract  by  artificial  stimulation  are  in  all  respocUt  identi- 
ou  with  those  started  in  the  fibres  of  a  motor  nerve.  We  are 
going  still  more  beyond  our  Ivther  when  wo  assume  that  the 
pjoecwea  started  iti  tlie  sniue  pyramitUl  fibres  i\»  the  fnilcomc  of 
natural  events  in  the  niot.or  cortex  are  of  the  xuine  kind.  But 
these  assumptions  ai<e  trifles  eomjiared  with  the  as-tuniptiun  that 
the  eventa  talcing  place  in  the  fibres  of  the  optic  radiation,  pa.t9> 
ing  from  the  pulvinar  to  the  occipital  cortex  are  identical  with 
the  events  taking  place  in  the  fibres  of  the  optic  tract  on  the  way 
to  the  pulvinar,  or  that  the  events  travelling  along  the  spinal 
cord  to  the  bniin  a»  iho  result  of  a  priok  of  the  little  finger  are 
i<lentical  with  tlioiw  uliich  the  [)ri(-k  hav  started  in  the  fibres 
of  the  ulnar  nerve.  Of  the  latter  evenix  we  know  a  little;  of 
the  former  evenlj>  we  know  next  to  nothing.  And  we  may  here 
ask  the  question  what  is  the  meaning  of  toese  continual  relaya 
of  groy  matter  along  the  sensory  tract  unless  it  be  that  at  each 
relay,  some  tmnsformation.  some  further  elalwration  of  the 
impulses  takes  place,  until  what  were  the  relatively,  but  only 
relatively,  ximple  impulses  along  the  fibres  of  the  peripheral 
nerve  arv>  by  !tneee.ssivo  stciw  chiinged  in  the  crnnplex  event* 
which  we  call  a  conscious  ^ttsatiou?  We  have  no  reason  to 
think  that  the  afferent  inipuLies  Htart«d  at  the  perijiher}'  of  a 
cutaneous  nerve-fibre  change  essentiallv  in  character  as  they 
travel  over  tJie  fibre  along  the  stretch  of  nerve  of  wbicb  it  is  a 
part.  Nor  luive  wo  any  satisfnctorv  evidence  that  any  change  iu 
ihe  chiimclcr  of  the  impulses  Ls  effected  by  the  nerve  cell  in  the 
niot-giuiglion  with  wtiioh  the  fibre  is  connected  by  means  of  a 
■J'  iiieco,  though  this  is  possible.  Within  the  cord  things  are 
<li£ferent.  The  arborescent  ending  of  the  fibre  of  the  iMxtterior 
root  within  the  spinal  cord  (or  bulb)  is  in  contact  with,  not  in 
continuity  with,  the  cell-sulKtance  «f  the  cell,  or  the  pi-oc^ssea  of 
the  coll  on  which  it  impinges.  Of  course  it  ia  possible  that  t)tc 
ending  should  set  up  in  tliat  ccll-substancc  molecular  changes 
identical  with  those  which  constitute  the  impulse  passing  along 
tlie  fibre;  hut  it  is  much  more  probable  that  the  clianges  whion 
it  nets  up  are  of  a  different  nr<Ier,  tlie  transition  being  in  a  rough 
way  comparable  to  the  transition  from  a  nervous  impulse  teacn- 
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ing  a  motor  end  plate  to  the  oontraction  in  the  muscular  libre 
which  that  impuUe  brmsa  about.  The  new  nhanees  started  in 
the  first  relay  cell  may  lie  very  different  from  thoBe  cooraing 
along  the  posterior  rooUfibro;  and  lUes«  again  in  a  similar  way 
may  start  still  otlier  changes  in  tlic  nuxt  relay  cell;  and  so  on. 
Wo  louy  therefore  well  heisitate  to  speak  of  or  consider  all  the 
events  in  the  central  nervous  system  a^  either  motor  or  sensory 
in  nature.  It  i.4  perhaps  not  an  exaggeration  to  represent  the 
views  of  sorae  observers  as  if  they  supposed  that  afferent  impulws, 
say  tactile  impulses,  that  is  impulses  eventually  giving  rise  to 
tactile  sensations,  travelled  unchanged  from  the  skin  to  the 
cortex  and  there  suddenly  blossomed  into  sc^nsations.  If  sncb  a 
view  were  true,  undoubtedly  ibc  chief  task  of  physiology,  almost 
the  only  one,  would  be  to  asceiuin  the  tract  along  which  these 
impulses  paused.  But  if  on  the  other  hand  the  views  jvist  now- 
urged  have  any  real  fonodation,  the  question  of  tracts  or  [latlis 
sinks  into  insignificance  compared  with  the  almost  untouched 
problems  as  to  what  are  the  several  successive  changes  by  which 
simple  impulses  are  developed  into  full  seusatioos,  and  when  and 
how  the  changes  are  effected. 

§  511.  Seeing  how  unsatisfactory  is  our  present  knowledge 
with  rejjard  to  the  tract*  or  jjaths  of  sensations  in  the  relatively 
simple  spinal  cord,  it  would  be  useless  to  attempt  any  discussion 
aa  to  their  paths  in  the  much  more  complex  brain.  If  it  be 
probable  that  the  passage  is  effected  by  relays  of  grey  matter  in 
the  former,  the  same  metliod  is  much  more  probable  in  the  latter ; 
and  if  neither  experiment  nor  cliuical  study  throws  much  light 
on  the  path  up  to  the  bulb,  these  cannot  be  expected  to  give 
much  help  in  the  maze  of  grey  matt«r  and  fibres  by  which  the 
bulb  is  joined  to  the  cortex.  The  several  defined  ureas  or  col- 
lections of  grey  matter,  and  the  several  sti-ands  and  tracts  of 
fibres  must  have  of  course  a  meaning;  but  it  may  be  doubted 
whether  we  have  even  so  much  as  a  correct  glimpse  of  tliat 
meaning  in  any  case,  if  we  except  those  which  are  in  immediate 
connection  with  the  cranial  uerves  and  their  nuclei.  Seeing  that 
the  thalamus  appeals  on  tlio  one  hand  to  be  coimect«d  with  all 
or  nearly  all  parts  of  the  eortox,  and  on  the  other  hand  to  serve 
OS  the  front  of  the  tegmental  system,  it  is  tempting  to  suppose 
that  it  plays  an  important  part  in  sensations  pertaining  to  the 
body  generally,  as  part  of  it,  the  pulvinar,  certainly  doea  with 
referenoe  to  tne  special  sense  of  sight ;  but  we  have  no  decisive 
indications  as  to  what  part  it  plaj-s.  And  the  part  which  it  plays, 
whatever  that  may  be,  is  not  an  exclusively  sensory  one,  since 
both  experimental  and  morbid  lesions  of  the  thalamus  are  ai}t  to 
produce  disorders  of  movement  as  well  as  other  efferent  efTevts. 
We  ought  perhap.s  to  say  the  parts  which  it  plays ;  for  it  is  a 
complex  bodyi  having  many  ties  and  probably  performing  many 
duties. 
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We  have  already  spoken  of  the  fillet,  as  Beeming  to  be  a 
special  intemuncial  tract  connecting  what  appear  to  be  more 
particularly  afferent  or  sensory  parts  of  the  oulb,  such  as  the 
gracile  and  cuneate  nuclei,  with  such  parte  of  the  middle  brain 
as  the  optic  thalamus  and  thus  indirectly  with  the  cortex,  and 
of  its  value  as  a  probable  path  of  sensations  of  one  kind  or 
another  from  the  body  at  large. 

A  conspicuous  part  of  the  brain,  namely  the  cerebellum, 
naturally  arrests  our  attention  on  account  of  its  large  connec- 
tions with  what  appear  to  be  afferent  structures ;  what  may  be 
said  concerning  this  will  be  said  in  the  next  section. 


SEC.  6.    SOME   OTHER   ASPECTS   OF  THE   FUNC- 
TIONS OK  THE   BRAIN. 


§  513.  It  u  difficult  to  say  anything  doiinitc  concerning  the' 
trails  miiui ion  of  si!n»orv  iinpulsus  nnd  tW  <l<jvutoj)itK-nt  of  svasa- 
tions;  it  is  still  more  diftioull  to  say  Anything  deriiiiu;,  bvyond 
vrhnt  hivt  but;n  already  incidentally  »aia,  concemin^r  the  parts 
played  in  the  work  of  the  brain  by  the  various  aegregations  of 
prey  matter  and  tracts  ot  fibres  forming  the  tnidme  part  of  the 
Win.  Neither  exi>erinient  nor  clinical  study  has  us  yet  afforded 
any  clear  or  sure  leading. 

Let  us  fust  speak  of  the  ccrGbcllum. 

The  connections  of  this  body  with  tho  rest  of  the  nervoiis 
irystem  aro  strikingly  manifold.  By  the  inferior  peduncle,  the 
flbroii  of  which  cud  largely  in  the  nucleus  duntatus,  it  has  nn 
uncrossed  grip  on  afferent  .ttriictnres  of  the  spinal  cor<l  and 
bulb;  by  the  cerebellar  tract  it  is  connected  through  the  vesicu- 
lar cylinder  with  the  posterior  roots  of  spinal  nervea  of  the  same 
mde !  it  hiw  a  liku  connection  with  the  cuiieate  and  gracilo 
nuclei  of  the  same  side,  and  fibres  from  the  eighth  (vestilmlar) 
nerve,  as  wcU  probubly  as  from  other  afferent  cranial  nerves 
of  the  same  side,  pass  into  the  peduncle.  The  same  inforior 
peduncle  has  u  crossed  connection  with  the  lower  olive  of  the 
other  side,  but  this  in  probably  efferent  in  nature,  and  there  are 
probably  other  efferent  connections.  By  its  middle  peduncle. 
the  fibres  of  which  are  esneeially  connected  with  the  superficial 
grey  matter,  the  cerebellum  naa  lai^  connections  with  the 
opposite  side  of  tho  i*on8  and.  tlirough  the  relay  of  the  cells 
forming  tho  grey  matter  of  the  pons,  with  filnes  passing  from 
the  frontal  and  tcmporo^^ccipitol  regions  (possibly  from  scattered 
elemcnlH  of  the  parietal  region)  of  the  cerebral  cortex  to  the 
pons.  Thus  each  Iater.il  half  of  the  cerrbeUiim  has  wide  crtK«sed 
connections  with  the  opposite  half  of  the  cerebrum.  Whetlicr 
these  connections  are  afferent.,  that  is  leading  from  the  cere* 
helium  to  the  cerebral  cortex,  or  vice  vtr»a,  or  have  both  char- 
nctere,  it  is  difficult  to  »ay.     Besides  this  the  superior  pedunclei 
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fltarting  lar^lv  from  the  nucleus  clenlatus.  affords  anotber 
coniicctiou  uitfi  tlie  ocrulu-um,  larculy  crossed,  though  possibly 
jmrtly  uncrussiHl ;  btit  this  isna  inoirect  (rotiiit-ctioii  su  fur  us  the 
cvrobral  corlvx  U  concerned,  since  the  {icduncle  unds  in  tlic  rod 
nucleus  and  oUier  tegmental  (ttraotureit.  This  connecUon  i» 
pi'csiiiiiably  the  channel  of  impulses  passing  from  the  cerebellum 
to  the  oerehnim :  but  we  can  only  say  '  presumably.' 

The  above  conuoctions  are  too  complex  to  enable  one  to 
draw  from  them  itny  prccisL-  phy»iolugicul  deductions ;  and  when 
wo  turn  to  tlie  rc8ulti«  of  cx^^icnmunt  uud  cliuicul  observation, 
we  find  even  thcHc  by  no  invnn«  cluar. 

Electrical  stimulation  of  the  surface  of  the  c«i«bellum,  in  the 
monkey  and  in  other  animals,  has  led  to  movements  of  Ibe  eyes, 
and  of  other  parts  of  the  head :  but  we  cannot  from  such  results 
draw  any  satisfactory  inferences. 

The  resuSu  of  remo\'iDg  either  portion  of  or  the  whole  of 
the  cerebellum  b»ve  been  partly  aceordunt.  partly  discordant. 
They  agree  in  shewing  that  the  organ  has  no  special  connections 
with  the  sexual  functions,  a  view  unce  hugelr  held.  They  also 
appear  to  agree  in  so  far  that  the  effects  pi-oauced  by  removing 
a  lateral  half  are  Ui'gely  if  not  wholly  confined  to  the  same  aids 
of  the  body ;  the  influence  exerted  by  one  half  of  the  cerebellum 
tells  on  one  half  of  the  bodv,  and  that  on  the  same  side.  They 
further  agree  in  that  removal  of  even  the  whole  of  the  cerel>ellum 
has  no  obvious  psychical  eGFects,  and  does  not  appear  to  interfere 
with  the  full  development  of  cuUuieous  and  other  sensations. 
Lastly,  while  they  agnte  in  indicating  that  the  eerebelhini  plan's 
a  special  part  in  thi^  coordination  of  movements  affecting  eqml- 
ibriuin,  and  this  h  alfto  xhewn  by  clinical  histories,  they  arc  not 
agreed  as  to  how  that  ]Kii-t  is  exactly  played. 

The  effects  produced  by  removal  of  the  cerebellum  are  in 
part  immediate  and  tempoiary,  in  part  of  a  more  lasting  cliar- 
acter.  Characteristic  among  the  former  arc  some  of  the  *forced 
movements'  treated  of  in  §  480,  such,  for  iitsUiuco,  as  rotation 
round  the  longitudinal  axis  of  tho  Ixnly;  this  seems  especially 
to  occur  after  division  of  the  middle  pc<lunole.  And  the  move- 
ments of  the  ixxly  in  general  are  for  a  while  in  a  remarkable 
degree  incooKlina'te  and  irregular,  iio  that  locomotion  and  even 
the  maintenance  of  a  natural  altitude  are  for  tlie  time  impossible. 
Tonio  spasms  of  various  muscles  are  also  observed,  those  of  the 
trunk  leading  to  curvature  of  the  body.  Later  on  this  condition 
subsides,  but  there  remains  as  a  lusting  effect  an  imperfection 
of  movement,  an  unsteadiness  of  gikit,aii  irregularity  and  short- 
eoming  in  muscular  actions,  accompanied  frequently  by  mus- 
cular tremora.  This  unstoadiness  in  movement  is  also  seen  in 
many  cases  of  cerebellar  diseoHe,  the  gait  of  the  (mtieut  in  many 
respects  resembling  that  of  a  penton  who  is  drunk.  Obviously 
the  cerebellum  has  some  im[>ortaiit  influence  over  the  contino- 
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tions  of  ihc  skeletal  niiisules  (the  visucml  muscles  do  aobeeeni 
to  bo  affected) ;  but  observers  are  not  Agreed  as  to  what  that 
iafluence  exactly  U  or  exar^tly  liow  it  in  brought  about.  Th« 
view  has  been  put  forward  that  iufluences  from  the  cerebelhim 
reinforce  so  to  speak  the  voluntary  impulses  proceeding  to  the 
muscles,  regulate  the  fusion  of  the  several  constituent  simple 
contractions  into  the  sustained  musculur  cfTort,  which  aa  wo 
have  seen  is  of  thu  nature  of  a  ttiUuus,  and  further,  ho  alToct  the 
nutrition  of  the  muscle,  as  to  keep  up  thiit  iirojjer  tone  of  t^e 
muscle  (§  470)  which  is  a  nece»i<ary  condition  of  siicce!»ful 
museular  action.  Hut  according  to  some  observeni  an  animal 
which  from  removal  of  the  cerebellum  has  become  highly  irreg- 
ular in  itfl  general  inovementB.  can  carry  out  a  particu^r  muscu- 
lar act  with  complete  succeas,  can  for  instance  grasp  powerfully 
and  firmly  with  the  hand :  in  such  an  act  tho  voluntary  impulses 
must  reach  the  muscle  in  full  force,  tho  moscnlar  scn»c  belong- 
ing to  the  muscles  used  must  be  in  full  play,  and  it  may  even 
be  argued  that  no  marked  loss  of  tone  in  the  particular  muscles 
can  be  present.  If  this  t>e  so.  obviously  the  unsteadiness  of  the 
movements  in  general  must  have  some  other  explanation  than 
the  one  given  above. 

Though  some  bnv«  maintained  that  injury  to  the  eerobcllam 
must  be  uiifiym metrical,  must  bo  on  one  side  only  or  more  on 
one  side  than  the  other,  in  order  to  produce  its  effects,  Uiis  duca 
not  seem  to  he  the  ease.  Again  while  some  have  maintained 
that  injury  to  the  median  region  is  espociiilly  effective,  ottiers 
deny  this.  Indeed  so  far  aa  we  can  judge  at  present^  there  is 
no  localization  of  function  In  the  various  regions  of  the  cere- 
bellar cortex  i  all  the  cortex  may  be  said,  aa  used  to  bo  said  of 
tho  cerebral  cortex,  to 'act  as  a  whole.'  Lastly,  in  respect  to 
the  relations  of  the  cerebellum  to  the  cerebrum,  it  should  bo 
not«d  that  removal  of  one  half  of  the  cerelK*llum  has  apjieared 
to  produce  an  effect  on  the  crossed  cerebral  hemisphere,  of  surb 
a  kind  that  that  hemisphei-e  is  more  readily  excitable  towards 
electric  and  other  stimuli,  the  effect  lasting  long  after  the  opera- 
tion of  removal.  In  this  connection  it  is  worthy  of  notic«.  that 
congenital  deficiency,  or  atrophy  of  the  cerebral  hemisphere  of 
one  side,  is  frequently  accompanied  by  a  corrcspondmg  defi- 
ciency of  the  crosswl  cerebellar  hemisphere. 

§  513.  Both  the  anterior  and  posterior  corponi  qumlrigemina 
are  complex  in  structure;  not  only  do  they  differ  from  each 
other,  but  also  in  each  the  grey  matter  diffeis  in  different  parts, 
both  as  to  its  nature  and  appearance  and  as  to  it«  connections 
with  tracts  of  fibres.  If  we  have  littie  right  to  speak  of  the 
'functions  of  the  cerebellum,"  we  hiive  even  leas  right  to  speak 
of  the  'functions  of  the  corpora  quadrigemina'  or  of  either  pair 
of  them.  The  anterior  pair,  as  we  have  seen,  has  to  do  in  some 
vay  with  vision ;  but  we  have  reason  to  think  that  a  port  only  of 
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tliu  w-liolu  Ixidv  is  thus  conoei-ned ;  and  Uieie  is  some  foundfttiOD 
for  the  view  cliat  of  this  part,  one  portion  belongs,  so  to  speak, 
to  the  opUc  tract  and  anotner  portion  to  the  cortical  fibres  of  the 
optio  tadiation.  Poctsiblr  still  another  part  is  concerned  in 
hringing.  as  we  have  (§  500)  suggested,  visual  impulses  to  bear 
on  the  coordination  of  movements. 

Stiinuhitioti  of  the  surfocs  of  the  posterior  pair,  besides  ffiT- 
ing  risv  to  inuvcniL-tits  of  various  parts  of  the  body,  has  in  monkeys 
and  some  otlier  animals,  tlie  singular  effect  of  producing  a  voc«l 
utterance  in  the  form  of  a  cry  or  hark.  But  we  cannot  make 
mnch  use  of  these  resultii  for  the  purpose  of  drawing  conclutuons 
as  to  what  share  these  Iwdies  take  in  the  whole  work  of  the 
brain.  In  the  frog,  the  optic  lobes  correspond  to  the  two  pair 
of  corpora  quiidngemina  together;  and  the  crj'  just  mentioned 
may  perhaps  bu  put  side  by  side  with  the  fact  that  in  ihc  frog 
the  optic  lobes  seem  to  furnish  a  mechimism  for  croaking;  wliea 
the  optic  lobes  are  <l&itroyed,  the  characteristic  reflex  croaking 
is  done  away  with.  The  probable  connection  of  the  poaterior 
corpora  <]uadrigemina  witn  bearing  is  also  interesting  in  this 
connection  ;  but  we  have  no  satisfactory  evidence  of  any  special 
ties  between  the  bodies  in  question  and  either  the  cortical  area 
for  phonation  or  t)ie  vocal  mechanism  in  guneral ;  the  oecurrcnoe 
of  the  cry  remains  so  far  an  isolated  fact. 

In  frogs,  in  which  the  cerebellum  is  very  small,  the  optio 
lobes  seem  to  he  |mrticularly  ooncemed  in  the  coordination  of 
movements.  When  the  brain  is  removed  by  means  of  a  section 
behind  the  optic  lobes  the  animal  loses  the  power  of  bilancing 
itsvlf  ($  474),  which  it  possesses  ^hen  the  section  passes  in 
front  of  the  optic  lobes;  and  injury  to  the  optic  lobes  produces 
incoordination  of  movement  and  often  'forced  movements.'  It 
has  been  maintained  that  ttiv  loss  of  coordination  is  in  thew 
oases  due  to  removal  of  or  injury  U>  the  central  grey  matter  in 
the  walls  of  the  third  ventricle,  and  not  to  mere  remox-al  of  or 
injury  to  the  optic  lolws ;  but  the  whole  evidence  goes  to  shew 
that  m  the  frog  and  in  the  bird  the  opiic  lobes  do  play  a  part 
in  the  coordination  of  movement,  though  lesions  of  the  central 
grey  matter  around  the  third  ventricle,  or  indeed  of  the  tbala- 
mas  or  other  parts  of  the  tegmentum,  may  give  rise  to  loss  of 
coordination  or  to  '  forced  movomeats. ' 

In  the  mammal  removal  of  or  injury  to  the  posterior  eoT^ 
pora  quadrigemina  dues  not  cause  blindness,  but  may,  like  a 
lesion  of  the  anterior  pair,  give  rise  to  loss  of  coordination  or 
to  forced  movements ;  the  effect,  however,  is  in  most  instances 
very  temporary.  The  connection  of  the  anterior  pair  with 
vision  suggest^  a  clue  as  to  how  this  pair  takes  part  in  coordi- 
nation ;  but  MM  to  how  the  posterior  pair  could  intervene  in  tlie 
matter  we  have  haiiily  s"  nuicb  iw  it  hint ;  for,  even  if  we  admit 
a  connection   betwecu    them   and    the  sense   of   hearing,  and. 
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rvuiombering  that  ;i  l'>ml  kouiuI  will  uftvn  uuuku  u  pi-reon  to 
pt-el,  further  ntimit  that  purely  auditory  impulses,  as  di»tinct 
from  what  we  liave  calWd  ani[tull3r  iiupulsee.  may  take  part  in 
tlie  general  coordination  of  bodily  movements  and  in  the  main- 
leimnce  of  equilibrium,  as  tliey  certainly  do  in  the  special  cooi^ 
diimtiou  of  liin,-ngcal  movemcntji,  still  wc  are  not  much  nearer 
an  ui)dcr(tiuidiiig  of  the  mittlvr.  Wc  niiiy  add  llmt  section  of 
ihv  lat«raL  fdlet,  which  appears  as  a  loiispivuous  tic  between 
llic  posterior  corpora  iinadrigeniiua  and  the  parts  of  the  Dervoiu 
system  behind  them,  aoea  not  appear  to  have  aiiy  marked  effect 
in  producing  incoordination. 

In  line,  beyond  ihe  broad  facts  on  which  we  dwelt  in  a  pre- 
vious section,  namely,  that  wc  miilntnin  our  equilibrium  and 
carry  out  complex  movements  involving  often  scvenil  parts  of 
our  body,  through  wlml  wv  call  coordination,  lliat  afferent 
impulses  supply  tmportaiit  factors  of  thix  coordination,  and  that 
the  cerebellum,  through  the  vestibular  nerves  in  part  at  all 
events,  together  witli  other  portions  of  the  middle  brain,  are  in 
some  way  its  chief  inatrameats,  we  as  yet  know  very  little. 
We  have  certainly  no  adequate  knowledge  as  to  how  either 
pair  of  corjjora  quiidrigcmiim  exactly  intervene  iu  the  matter,  or, 
indeed,  as  to  what  other  parts  they  pUy  iii  the  general  work  of 
the  hraiii. 

With  regard  to  other  tracts  of  fibres  or  areas  of  grey  matter 
we  have  nothing  to  say,  except  as  reganls  tbate  which  are  more 
or  less  immediately  connected  with  certain  of  tJie  cranial  nerves, 
such  for  instance  as  the  nei-ves  for  movements  of  tlie  eyea,  and 
those  it  will  btf  best  to  consider  when  we  have  to  deal  with  the 
nerves  themselves. 

§  514.  Besides  the  somatic  functions  which  in  prvvioua 
discuHsions  we  have  chiefly  Inid  iti  view,  the  brain  as  a  whole 
Qodoubtedly  carries  out  sjilanohnic  functions ;  concerning  thi»o, 
however,  we  must  be  very  brief. 

Of  the  respiraton-  ani  vaso-motor  functions  of  the  balb  we 
have  already  treated  in  their  appronriste  plaoea,  and  we  have 
refenvd  {§  429)  to  the  cxjwrimental  evidence  that  a  lesion  of 
the  corpus  strintunt,  or  of  tliv  front  part  of  the  optic  thalamus 
has  ft  remarkable  inflnence  on  the  development  of  heal  in  the 
body.  We  have  further  seen  llmt  the  higher  jMirl*  of  the 
brain,  acting  through  the  bnlli^  exercise  powerful  influences  on 
respiration,  on  the  vaso-motor  system,  and  on  the  Wat  of  the 
heart.  Daily  ex]>erience  affords  abundant  instances  of  actions 
8ttch  as  these,  as  well  us  of  the  influence  of  the  bi^n  on 
otlicr  organic  functions.  Wo  can  bring  our  will  to  bear  on 
the  mechanism  of  micturition  {§  S48)  which  is  almoet  wholly, 
and  on  the  mechanism  of  dcfsecation  (§  226)  which  is  largely, 
splftnchtiic  in  nature.  These  movemeurs,  however,  are  not 
akilled  movements ;  and  as  we  explained  in  dealing  with  them, 
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the  action  of  th«  brain  as  regsinlit  tlicm  socms  limited  to  aue- 
meiiting  or  inhibiting  tlio  jictivity  of  Kpinal  centres.  We  should 
Uierrroiv  Iianlly  i-xjiect  theni  to  be  upecially  represented  in  the 
cortical  motor  refiion.  Bnt  emotions  have  a  ranrh  wider  and 
more  powerful  influence  over  the  splanchnic  functions  than  ha."* 
the  will,  and  have  the  power  of  affecting  the  work  of  certain 
OTsans,  for  instance  the  neart  and  secreting  glands,  which  the 
will  is  unable  to  touch.  And  since  we  have  every  reason  to 
believo  that  the  cortc\  is  Wo^uly  associated  with  the  emotions. 
we  may  naturally  infer  that  the  elementit  of  the  cortex  supply 
a  link  in  the  chain  through  which  an  emotion  influences  thi.s  or 
that  splanchnic,  activity;  we  may,  accoi-dingly,  expect  to  find 
that  stimulation  of  some  part  or  other  of  the  cortex  produces 
splanchnic  effects.  The  result*  of  experimental  investigation, 
however,  are  both  scanty  and  discordant;  but  the  greater 
weight  should  perhaps  be  attached  to  the  positive  results, 
'rims,  some  observers  find  that  stlmnlaijon  of  Uie  cortex,  the 
locality  being  in  the  dog  some  pai-t  of  the  sigmoid  gyrus,  pro- 
duces movements  of  the  bladder:  and  they  trace  tlie  path  of 
this  influence  through  the  front  part  of  tfie  tbalamua  and  the 
tegmentum  to  the  bulh  and  so  to  the  cord,  excluding  the  cere- 
bellum, which  other  observers  believed  to  be  concerned  in  the 
matter.  Some  olmervcn;  again  And  that  stimulation  of  the  cor- 
tex produces  a  flow  of  'chorda  saliva,'  while  othcnt  maintain 
that  the  secretion,  when  it  does  occur,  is  an  indirect  and  not  a 
direct  effect  of  the  cortical  stimulation ;  and  it  may  be  remarked 
that  the  cortical  area,  which  is  claimed  to  he  a  'salivation 
area,'  lying  in  the  dog  on  the  convolutions  dontal  to  and  in 
front  of  the  Sylvian  hssure,  in  not  either  the  area  connected 
with  the  facial  nerve,  or  that  allotted  to  taste  or  smell. 

Similarlv.  stimulation  of  parts  of  the  cortex  has  in  the  handa 
of  various  observers  led  to  movcnicntx  or  to  arrest  of  moTemants 
of  the  intestines,  to  changes  in  the  beat  of  the  heart,  and  to 
variouR  vaso-motor  and  other  effects;  bnt  it  will  not  he  profit- 
able to  enter  into  any  further  details.  We  may,  however,  add 
the  remark  that  when  the  cortical  motor  area  for  a  limb  is 
removed,  or  suffers  a  lesion,  the  temporary  paralysis  which  \a 
tliercby  caused  ia  accompanied  by  a  rise  of  tempomiure  in  the 
limb ;  this  may  be  at  times  very  great  indeed ;  in  the  monkey 
for  instAnce,  the  hand  or  foot  on  the  paral^-scd  side  may  be  as 
much  as  H'  C.  higher  than  that  of  the  other  side.  The  effect  is 
partly  due  to  vano-motor  naralysiA,  hut.  especially  considering 
that  the  muscles  of  the  limb  are  relatively  <iuiesc«nt  and  ao  pro- 
ducing loss  heat  than  u^^ual.  cannot  be  due  to  that  alone.  The 
remarkable  result  may  be  taken  as  still  further  illustrating  the 
complexity  of  the  processes  connected  with  the  cortical  motor 
area:  (ho  area  is  in  some  Avay  associated  with  the  %'ascular 
arrangements  and  nutrition  of  the  muscles  with  whose  move- 
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ats  it  is  concerned.  We  may  add  that  in  the  cases  of  tha 
fa  kept  alive  for  some  time  after  nearly  complete  removal 
both  cerebral  hemispheres,  a  vastly  iiicresised  bodily  metabo- 
n  was  a  marked  symptom ;  the  animals  had  to  be  fed  mth, 
ormous  quantities  of  food. 


SEC.  7.    ON  THE  TI>re  TAKEN  UP  BY  CEREBRAL 

(JPEKATIONS. 

§  515.  We  have  already  seen  (§  467)  that  li  considerable 
time  is  taken  up  in  a.  purely  reflex  act,  such  aa  that  of  winking, 
though  this  is  perhaps  the  most  mpid  t'orra  of  reflex  inoveuioiit. 
When  the  movement  which  is  uxL-outed  in  response  to  a  stiniiilus 
involves  cerebral  opcnitiunet  a  ettill  longer  time  ia  needed ;  and 
the  iiitdrval  belwvdii  the  ap[ilication  of  the  iitimulus  and  the 
commencement  of  the  miLsoular  contraction  varies  according  to 
the  nature  of  the  mental  labour  involved. 

The  Minlplt^1t  case  is  that  in  which  a  peraon  makes  a  signal 
immediately  that  he  percmvos  a  stimulus,  tx.  gr.  closes  or  upurut 
a  galvanic  circuit  the  momeut  that  he  feels  an  induclion  shock 
applied  to  the  skin,  or  sves  a  tlusli  of  light,  or  bears  a  sound. 
By  arrangements  similar  to  those  employed  in  measuring  the 
velocity  of  nervous  impulses,  the  moment  of  (he  applicyition  of 
the  stimulvis  and  the  moment  of  the  making  of  the  signal  are 
both  recorded  on  the  same  travelling  surface,  and  the  interval 
l>etween  them  is  carefully  measured.  This  interval,  which  haa 
been  called  'the  reaction  period 'or  'reaction  time,'  may  bo 
divided  into  three  stages:  (1)  The  time  during  which  afferent 
impulses  are  generated  in  the  peripheral  sense  organs  and  trans- 
mitted along  the  iitlcrent  nerves  to  the  central  nervous  system: 
this  may  be  called  the  "affei-enl  stage."  (:!)  The  time  during 
which,  ihi-oiigh  the  operatinns  of  the  central  nervous  system,  the 
afferent  impulses  are  transformed  into  efferent  impuUes;  this 
may  be  called  the  "central  stage."  (3)  The  time  taken  up  by 
the  passage  of  the  efferent  impulses  along  the  efferent  nerves 
and  the  transfonoatiou  of  the  nervous  impidsea  into  muscular 
contractions ;  this  may  be  called  the  "  efferent  sti^."  In  tbe 
efferent  stage  the  events  are  comparatively  simple,  and  though 
not  absolutely  constant,  do  not  vary  largely ;  we  are  able  to  form 
a  fairly  satisfactory  estimate  of  its  duration  and  so  of  the  sliarc 
in  the  whole  reaction  period  which  may  be  allotted  to  it.  'Ilie 
events  of  the  afl'erent  stage  are  much  more  complex  and  tbe 
estimates  of  ita  duration,  being  arrived  at  in  an  indmot  manner, 
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and  oliicily  based  upon  calculations  of  the  wliolc  miction  time,, 
arc  very  uncurtiiin.     Hence  all  atltitiipUt  to  osliinntu  the  Icngi" 
of  the  "c«utnil"  stage,  the  "reduced  reaction  i)eriod"  ns  it  it' 
itonietimes  called,  hy  nubtractiag  the  efferent  and  afferent  stages, 
must  be  subject  to  much  error.     But  a  good  deal  may  be  learnt 
by  studying  the  variations  under  diiTercnt  circuiostances  of  the 
reaction  period  as  a  wlioli;. 

Taking  first  of  all  tliu  cas^es  in  which  the  events  of  the  central 
stage  aro  aimple,  sulIi  as  tho»o  where  the  subject  has  merely  to 
niako  a  sifjiial  upon  feeling  a  sensation,  we  find  that  tlie  leneth 
of  the  reaction  {)eriod  is  dependent  on  tlie  intenaity  of  the  stini- 
ulus,  being  shorter  with  the  stronger  stimulus.  Iiut  variations 
in  the  strength  of  the  stimulus,  especially  in  the  case  of  minimal 
stimuli,  have  a  much  mure  striking  effect  in  determining  the 
certainty  of  the  reaction  than  in  iiffeeting  the  length  of  tlie 
period.  Thu»  when  the  signal  is  made  in  responite  to  some 
visual  sensation,  ui»on  seeing  an  electric  spark  for  instance,  if 
the  spark  be  a  very  weak  one  the  subject  of  the  experiment  often 
fails  to  make  the  signal  at  all,  thougn  he  may  rarely  fail  if  the 
spark  be  a  strong  one. 

Some  of  the  most  marked  variations  in  the  length  of  the 
reaction  period  are  determined  by  the  individuality  of  the  sub- 
ject. Thus  with  the  same  stimiilns  applied  under  the  same  cir- 
cumstances the  reaction  peiiod  of  one  person  will  be  found  vety 
different  from  that  of  another. 

The  length  of  the  reaction  period  varies  alio  aceording  to  the 
nature  and  dispowition  of  the  peripheral  organs  stimulated.  In 
genera!  it  may  bo  said  that  cutaneous  sensations  produced  bi 
the  stimulus  uf  nn  electric  shock  applied  to  the  skin  (the  signs 
for  instnuL-e  being  made  by  the  right  hand  when  the  shock  is  felt 
by  the  left  hand)  are  followed  by  a  shorter  reaction  period  than' 
are  auditoiy  sensations,  while  the  pei-iod  of  these  Ls  in  turn 
shorter  tlian  tliat  of  visual  sensations  produced  by  lnminon« 
objects ;  on  the  other  hand,  thu  shortest  period  of  all  is  said  to 
1«>  that  of  visual  sensations  produced  hy  direct  electrical  stimu- 
lation of  the  retina.  Roughly  speaking  we  may  say  that  the 
reaction  poriod  is  for  cutaneous  sensations  Mb.  for  hearing  Jthfl 
and  for  sight  Jth  of  a  second. 

Practice  materially  shortens  the  reaction  period ;  indeed,  after 
long  practice,  making  the  signal,  at  first  a  distinct  effort  of  the 
will,  takes  on  the  characters  of  a  rdSex  act,  with  a  correspond- 
ingly flhovtened  interval.  Lastly,  we  may  add  that  in  the  same 
individual  and  with  the  same  stimulus,  the  length  of  the  period 
will  varj'  according  to  circumstances,  such  as  the  time  of  year, 
the  weather,  and  inc  like,  as  well  as  according  to  the  conditioDy 
of  the  individual,  whether  fresh  or  fatigued,  fasting  or  replet 
having  takitn  more  or  less  alcohol,  and  tlic  like. 

The  reaction  period  of  vision  lias  long  been  known  to  ustrouo- 
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mers.  It  waa  early  found  that  when  two  observers  were  watch- 
ing the  appearance  of  the  same  star,  ft  considerable  discrepancy 
existed  between  their  respective  reaction  periods,  and  that  the 
difference,  forming  tho  bfutitt  of  the  so-i^iilk-d  '  ixirvomkl  equation.' 
varied  from  lime  to  time  according  to  the  personal  conditions  of 
the  obsi'ivers. 

§  516.  The  events  taking  place  in  the  central  Rta}^  are  of 
course  complex,  and  this  stage  may  be  subdivided  into  .several 
stages.  Without  attempting  to  enter  toto  psychological  ques- 
tions, we  may  nt  least  recognize  certain  elementary  distinctions. 
The  afferent  impuLics  started  by  the  stimulus,  whatever  bo  their 
nature,  when  they  reach  the  central  nervous  system  undergo 
changes,  and  a.t  we  have  oeen,  prnbalily  complex  ciianges  before 
they  become  seiLsations ;  and  furtlier  changes,  now  of  a  more 
dihtinctly  psychical  chai-acter,  are  necessary  before  the  mind  can 
duly  appreciate  the  cbaractera  of  these  sensations  and  act  accord- 
ingly.  Then  come  the  psychical  processes  through  which  these 
appreciated  sonsntions,  or  [K-rceptiunii,  or  apperceptions  as  they 
are  sometimes  called,  determiipe  an  jict  of  volition.  Lastly,  there 
are  the  executive  processes  of  volition,  the  processes  which, 
psyciiical  to  I)egin  with,  end  in  the  issue  of  coordinate  motor 
impulitea,  or,  in  other  woi'ds,  start  the  distinctly  physiolo^cal 
processes  of  the  efferent  stage.  We  may  thus  s[>eak  of  the  time 
required  for  the  |>crception  of  the  stimulation,  of  the  time  re- 
quired for  the  action  of  tho  will,  and  of  the  time  required  for 
tnc  complex  psychical  proocjwes  which  link  these  two  togetlier. 
Accepting  this  eleiiienlary  analysis,  it  itt  obvious  thiit  the  total 
lengtJt  of  the  central  stage  may  be  varied  by  differences  in  the 
length  of  each  of  these  parts;  and  a  more  complete  analysis 
would  of  course  open  the  way  for  further  distinctions.  Hence, 
by  studying  the  variations  of  the  whole  reaction  time  under 
varying  forms  of  psyciiical  activity,  we  may  form  an  estimate  of 
time  taken  up  by  various  psychical  processes. 

We  may  take  its  an  instance  the  case  in  which  the  subject 
of  the  experiment  has  to  exercise  discrimination.  The  mode 
of  making  Uie  signal  being  the  same,  and  the  stimulus  being  of 
the  name  order  in  each  trial,  that  is  to  say,  visual,  or  cutaneoiia, 
or  auditory,  &c..  and  general  circumstances  remaining  the  same, 
two  different  stimuli  are  employed,  and  tho  subject  is  required 
to  make  a  signal  in  response  to  the  one  stimiuus.  hut  not  to 
the  other;  the  subject  has  to  diKcriininate  between  the  psychi- 
cal effects  of  the  two  stimuli.  Suppose,  for  exiunple.  the 
stimulus  is  the  sound  of  a  spoken  or  sung  vowel,  and  (he  sub- 
ject in  required  to  make  a  signal  when  a  is  spoken  or  sung,  bot 
not  when  o  is  spoken  or  sung.  If  the  subject's  whole  reaction 
period  be  determined  (i)  in  the  usual  way.  with  either  a  or  o 
spoken  (and  the  result  will  bo  found  not  to  «llffer  materially 
whetlier  a  or  0  be  used),  the  subject  knowing  that  only  a  or 
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ooly  0  will  t)c  spoken,  and  then  be  doteniiincil  afpiiii  (ii)  wh« 
ha  nas  to  (tisci-iniinate  in  order  that  he  mav  make  the  »i^ii&l  wh« 
a  in  spoken  but  not  when  o  is  spoken,  be  not  knowing  which 
is  about  to  be  spoken,  the  whole  reactioQ  period  will  be  ^und  to 
be  distinctly  longer  in  the  second  case.  The  experiment  may 
be  varied  by  tanking  use  of  all  the  vowel  sounds)  taken  irregu- 
larly sui  the  stimulus,  the  subject  responding  by  a  uigiml  to  one 
only.  SIS  arraiigeil  beforehand.  And  of  coai-se  other  oitlers  of 
stimulus  may  be  used,  either  visual,  the  signal  beiny  niad« 
when  a  red  light  i8  shewn  but  not  when  other  colours  are 
shewn,  or  tactue,  the  signal  being  made  when  one  part  of  th« 
body  is  touched  but  not  when  other  parts  ai-e  touched,  and 
the  like. 

In  such  experiments  where  the  subject  has  to  distingnUIi, 
to  discriminate  between  two  or  more  eveuta.  the  proloagation 
of  the  reaction  jieriod  is  obviously  due  to  the  longer  tjme  re- 
quired fnr  the  psychical  processes  taking  place  during  what  wo 
have  called  the  central  stage.  In  the  two  oaites,  one  without  and 
the  other  with  discrimination,  not  only  are  the  afferent  and 
efferent  stages  the  same  in  botli,  but  we  have  no  reason  to  sup- 
pose that  in  the  central  stage  is  there  any  difference  between 
the  two  cases  as  to  the  time  taken  up  by  the  transfommtion  of 
simple  sensory  impulses  into  perceptiuus,  or  us  to  that  taken  up 
by  the  will  in  gaining  access  to  the  motor  apparatus  and  so 
starting  the  processes  of  the  efferent  stage;  tlie  delay  takua 
place  in  the  paycliical  processes  intervening  between  these  two 
parts,  and  the  amount  of  delay  is  the  measure  of  the  time 
needed  for  the  processes  involved  in  the  discrimination.  This 
"discrimination  period"  bus  been  found  to  differ  in  the  same 
individual  according  to  the  sensation  employed,  visual,  audi- 
tory, &c.,  and  according  to  the  kind  of  difference  in  the  sensa- 
tion which  has  to  be  discriminated,  for  instance  in  \'i8UiU 
sensations  between  colours  or  between  objecUi  in  different  partK 
of  the  field  of  vision.  In  a  series  of  observations  made  in  thts^ 
way,  the  discrimination  period,  i.e.  the  prolongation  of  th< 
simple  reaction  period  due  to  having  to  discriminate,  was  found 
to  range  from  0011  sec.  to  0002  sec. 

Another  series  of  observations  may  be  made  iu  the  follow- 
ing way.  The  sigi)al  being  one  made  with  the  hand,  the 
simple  reaction  period  for  a  stimulus  is  determined  with  ili« 
signal  given  by  the  right  hand.  Two  kinds  of  stimuli  are  then 
employed,  both  of  the  same  order,  two  vowel  sounds  for  in- 
stance, and  the  subject  is  directed  to  respond  to  one  vowel 
with  the  right  hand  aud  to  the  other  with  the  left  hand.  It 
is  found,  the  subject  being  nght-handud,  that  the  reactioa 
period  is  greater  when  the  signal  is  made  with  the  left  hand. 
In  this  case  the  delay  takes  place  uot  in  the  recognition  of  the 
effects  of  the  stimulus,  nor  in  the  processes  thiou^  which  the 
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will  is  furmud  upon  tlint  rccognilion ;  these  Are  tltc  $anic  in 
tbo  two  ciues:  it  tnkct  plaoe  iu  tin;  ])it>ce**es  by  which  tlie  will 
18  broufilit  to  bear  on  the  nervous  motor  nppantttut  for  making 
the  Dignitl,  on  liie  tiortioal  origin,  for  example  of  the  pyramidal 
tract:  these  nroppsaea  take  a  longer  time  iu  the  case  of  tlie 
iinaccnstomea  left  hantl  than  in  tlie  wise  of  the  usual  right 
hand.  In  this  way  wv  obtain  a  mcnsurc  of  so  to  speak  the 
volitional  side  of  psychical  processes. 

In  A  som«n-1mt  similar  way  we  may  obtain  a  measure  of  th« 
time  required  for  perception.  A  strong  sensation  fnllowiiig 
too  closely  upon  a  weak  one  will  prevent  the  psycliical  recog- 
nition of  the  weaker  one.  If.  for  instance,  two  or  three  letters 
in  white  on  a.  black  background  be  presBnt«d  to  the  eye.  and 
a  laive  \vliit«  surfiicc  be  presented  afU'rwarda  at  au  interval 
which  is  made  siiccussiwly  shorter  and  shorter,  it  is  found  that 
when  the  interval  is  made  very  brief  indeed  the  lettera  cannot 
be  perceived  at  all.  In  prnjKirtion  as  the  int«^^'al  is  prolonged, 
the  recognition  of  the  letters  increases,  until  at  an  interval  of 
about  "(lij  sec.  they  are  fullj-  and  clearly  recognized.  Tliat  is 
to  say,  the  time  required  for  perception  is  in  such  a  case 
of  about  that  length. 

The  duration  of  all  those  psychical  processes,  as  of  tho 
simplv  reaction  period  itself,  varies  of  course  under  different 
circumstances,  and  tlie  discrimination  jteriod  may  be  conve- 
niently used  for  mea.turement>t  of  the  varying  efft^ctit  of  circum- 
stances. Practice  shortens  the  discrimination  period  as  it  does 
the  simple  reaction  period.  One  of  the  most  powerful  influ- 
ences is  that  of  att«ntion.  And  it  is  stated  that  the  shortening 
of  the  period  is  greater  when  the  nttentjon  is  coucentrutcd  on 
the  making  of  the  signal  than  when  it  is  more  especially 
directed  to  recognition  of  the  .stimulus;  in  other  words,  the 
volitional  processes  are  more  amenable  than  are  the  perceptive 
processes  to  the  psychical  action  which  we  call  attention.  On  the 
other  liand.  the  period  is  distinctly  prolonged  if  the  observer  be 
distracted  by  concomiUint  sensations.  For  example,  the  period 
for  discriminating  between  two  visual  sensations  Is  prolonged 
if  powerful  auditory  sensations  be  excited  at  the  same  time. 

Tlie  same  method  of  measurement  may  be  ujied  in  other 
ways  and  under  other  circumstances  with  reference  to  iisychi- 
cal  processes.  It  must  be  remembered,  however,  that  all  such 
observntions  are  open  to  many  fallacies  and  need  particular 
caution.  It  not  unfrequently  happens  that  false  results  are 
obtained:  for  instance,  the  subject,  expecting  tJic  stimulus  to 
be  brought  to  bear  upon  him  and  stntining  his  attention,  makes 
the  signal  before  the  stimulus  actually  comes  off.  And  the 
interpretation  of  the  results  obtained  are  in  many  cases  vor>' 
difficult;  hut  it  would  be  out  of  pUce  to  dwell  upon  thene 
matters  any  further  here. 


SEC.  8.     THE   LYMPHATIC   AKRANGEMENT  OF  THE 
BBAIN   AXU   SPINAL  CORD. 


§  517.  The  Cerebr&-tpinal  Fluid.  Tho  spectmcns  of  cerebri^ 
apiiiai  fluid  which  have  Dveii  examined  as  to  their  composition 
Are  not  quite  comparable  with  eiwh  other,  since  white  some 
(such  as  tikose  obtained  from  oattes  where  a  fracture  of  the  bnsc 
of  the  skull  has  placed  the  subarachnoid  sfxice  at  the  base  of 
the  brain,  where  it  is  largely  developed,  in  communication  with 
the  external  meatus,  anil  the  fluid  escajiea  by  the  ear)  may  ' 
regarded  as  normal,  others  (such  as  those  obtained  from  case^ 
of  hydrocephalus  where  the  ventricles  euutuin  an  ununuiil  quan- 
tity of  fluid,  or  irom  cases  of  spinal  inalforiuatioiis)  mtut  bai 
cousideixid  m  abnormal.  In  most  of  the  more  complete  attaly-ii 
ses,  the  diiid  examined  ha.i  belonged  to  the  latter  class;  anc' 
the  following  statements  apply,  sthctly  speaking,  U*  them  alone.' 

With  this  caution  wo  may  say  that  the  cerebro^minal  fluid  is 
a  transparent,  colourless  or  very  slightly  yelloivish  fluid,  of  faint 
alkaline  reaction,  free  from  histological  elements.  The  specitio 
gravity  is  about  1010  or  less,  tlic  amount  of  solids  being  on  an 
average  1  p.c.  Of  these  by  far  tJie  greater  part,  '8  or  ■&  p.c,  is 
supplied  by  salt«,  the  total  quantity  of  whieh  as  well  as  the 
relative  amount  of  tlie  sever.il  constituents  l>eing  alx>ut  the  samt 
as  obtain  in  blood  and  lymph.  The  comparative  deficiency  of 
solids  is  due  to  the  scantlnetis  of  the  proteids,  which  rarely 
exceed  -1  p.c.  These  are  chiefly  globulin  and  a  form  of  albu- 
mose,  or  even  peptone;  albumin  is  said  to  be  generally  absent. 
The  fluid,  save  apparently  in  exceptional  ciiscs,  does  not  clot, 
and  contains  neither  flbrogenous  factors,  nor  flbriu  fennent.  It 
very  frequently  contains  »  substance  which  like  dextrose  reduce* 
Kuliling's  solution  but  which  is  not  a  sugar ;  it  appears  to  be  pyro- 
eatechin  or  a  clo-sely  allied  body. 

Seeing  that  a  fluid  of  such  a  composition  is  of  a  different 
nature  fi-om  ordinary  lymph,  furnished  entirely  in  the  ordinary 
way,  we  might  be  inclined  to  infer  that  probably  a  very  large 
part  of  the  whole  mass  of  tho  fluid  is  furnisbod  by  the  secreting 
cjpithelium  of  the  choroid  plexus.     But  it  must  be  boniu  in 


Chap,  ii.]  TIIK   KKAUf.  82« 

mind,  that  the  foi^c^iug  auiilyscs  refer  cliivlly  to  fluid  appear- 
iiij^  under  abiiortual  ciroumsunuex,  and  it  would  be  hiiEurdous 
to  draw  any  wide  ijiferenoe  from  them.  We  have  little  or  no 
^xact  experimental  evidence  as  to  how  much  fluid  U  actually 
s«crct«d  oy  the  choroid  plexuses;  and  if  the  fluids  which  have 
been  auulyzod  do  rv[jresi-nt  »  mixture  of  ordiutirr  lymph  ru[^ 
plivij  through  thu  pia  muter  with  the  peculiar  secretion  of  the 
choroid  plexus  and  cvrebro-spinul  cnriiil,  some  further  chaDire 
beyond  the  mere  mingling  of  the  two  fluids  i»  needed  to  cxpliun 
tiie  I'eniarkable  absence  of  all>umin  which  ha.t  been  so  tttiougly 
intuited  upon  by  various  authoin. 

§  518.  We  may  fairly  suppose  that  during  life  the  fluid  in 
continually  being  supplied,  from  the  one  sourne  or  the  other; 
but  wo  have  uo  very  exact  knowledge  aa  to  the  rate  at  which  it 
is  furnished,  lu  ibo  dog,  tlic  fluid  has  been  ob»crvcd  to  escape 
at  a  mt<  vaning  very  lai^^-ly  under  diffei'vnt  eiruumDtances. 
and  ranging  from  1  c.c.  in  40  minutes  to  a»  much  as  1  c.c,  in 
ti  minnteit,  the  total  (quantity  discharged  in  24  hours  varying 
from  'in  c.c.  to  240  c.c.  In  the  casea  of  fracture  of  the  a»a$ 
of  the  skull  mentioned  above,  a  very  consiiierable  flow  has  been 
frequently  oljsorvod ;  but  it  may  bo  doubted  whether  the  abnoi^ 
raal  circiimHtanccii  of  such  cases  bavo  not  raised  the  secretion 
abovu  the  normal.  The  mte  of  flow  was  found  in  tho  dog  to 
be  much  increased  by  the  injection  of  sulistances  (normal  salino 
solution)  into  the  blood,  but  to  be  relatively  little  influenced  by 
arliticial  heij^htening  of  ailerial  pressure.  This  has  bei-n  put 
forward  its  indicating  that  the  fluid  is  chiefly  furnished  as  a 
secretion  and  not  aa  an  ordinary  tninsudution  of  lymph ;  but  it 
cannot  be  regarded  aa  affording  a  valid  argument.  The  pressure 
under  which  tho  fluid  exists  m  aUo  very  variable;  it  is  closely 
dependent  on  the  vasculiir  arrangements  of  whii;li  we  shall  have 
to  (([wak  pre.senlly.  In  the  dog  the  average  pre-ssure  has  been 
estinmuiti  at  al>out  10  mm.  of  mercury. 

If  the  fluid  is  thus  continuallv  formed  it  must  always  find  a 
means  of  escape.  This  is  probably  supplied  by  the  tubular  pro- 
longations of  the  subarachjioid  space  along  the  nerve  roots; 
these  are  continuous  with  the  lymphatic  vessels  of  the  nerves, 
and  so  with  the  lymphatics  of  the  body  genendly;  and  in  tho 
skull,  the  passiigcis  of  this  kind  along  the  cranial  nerves,  especially 
aloDg  the  two  optic  ncrvi;s  into  the  orbits,  afl'ord  a  ready  means 
of  escape.  It  is  also  urged  that  some  of  the  fluid  escapes  through 
the  I*acchioniitn  glands  directly  into  the  blood  of  the  venous 
sinuses.  In  a  dead  body  fluid  introduced  into  the  subarachnoid 
apace  through  an  opening  over  the  bulb,  disappears  at  even  a 
"Very  low  pressure  with  great  rapidity.  The  circumstances  then 
are,  however,  not  the  same  as  in  life ;  and  the  few  expcrinieuts 
which  bavo  been  mai^lc  seciu  l"  shew  that,  during  life,  a  some* 
uhat  high  pressure  is  required  to  secure  the  escape  of  fluid 
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introduced  in  addition  to  that  naturally  secreted.  Tlnis  it  ii 
stated  that  when  in  a  dog  normal  saline  solution  is  introduced 
into  the  Gubumchnoid  cavity  at  the  lower  end  of  the  spinal  cord 
very  littli!  resorption  takes  pluce  so  long  aa  the  pressure  remains 
as  low  as  altDiit  10  e.c.  of  mercury;  us  the  jircssurc  is  increased 
beyond  this  lesorption  quickly  inort^nses.  But  it  may  be  doubted 
whether  the  resorption  of  added  Unid  In  a  fair  test  of  the  escupe 
of  tluid  naturally  present ;  and  the  experiment  is  of  value  rather 
as  shewing  siroply  that  there  are  means  of  aicape  than  aa  affonJ- 
ing  a  measure  of  the  rate  of  escape.  Besides,  the  immediate 
efiect«  of  applying  pressure  iit  the  caudal  end  of  the  spinal  cord 
are  not  the  same  as  those  of  applying  pressure  within  the  skull, 
llie  rate  of  possible  escape  is  not  without  importance  as 
regai'da  the  mechanical  iniporliince  of  the  cerebrospinal  fluid. 
Thus  it  has  been  urs;ed  that  when  an  extra  quantity  of  blood  is 
driven  int«  the  skull,  any  injurious  intercranial  compression  is 
prevented,  not  only  by  the  transference  of  a  corresponding  quan- 
tity of  cercbro-Bpinat  fluid  through  the  foramen  of  Slajendie 
from  thi:  cntnium  into  the  spinal  uunal,  thf  walls  of  which  are 
less  rigidly  complete,  but  also  by  the  direct  escape  of  llic  fluid 
from  the  cavity  of  the  skull  along  the  cranial  nerve*  in  tbe 
manner  destcrined.  It  has  aUo  been  urged  that  the  tliiid  at  the 
bme  of  the  skull,  in  the  large  aubarai^hnoid  spaees  of  which  it 
gathors  in  larger  quantity  tnan  elsewhere,  acts  as  a  sort  of  nro- 
t4;ctivc  water  cushion  to  the  delicate  cerebral  substance,  and  tnat. 
in  general,  the  presence  of  the  fluid  is  mechanically  useful  to 
the  welfare  of  tbe  brain,  removal  of  the  fluid  by  aspimtion  being 
said  to  lead  to  hsemorrh:^  from  the  nia  mater  and  to  viirioas 
nervous  disorders.  But  our  knowledge  as  to  tbe  part  which 
the  fluid  ptaj-s  is  at  present  very  imperfect :  and  its  very  peculiar 
chemical  characters  suggest  that  it  has  some  chemical  as  well 
at  least  as  niechauical  fuuctious. 


SEC.    9.      THE    VASCULAR     ARRANGRXrENTS    OV    THE 
BRAIN   AND  SPINAI.  CORD. 


§  519.  ill  the  braiu  two  important  festurett  of  tho  distribu- 
tion of  the  arteries  deserve  spcciul  atteiitioD.  lu  the  tirst  jilace, 
the  quadruple  supply  by  the  right  and  loft  vertebral  and  internal 
carotid  aitorii'H  is  made.-  one  by  romarkabti^  aiiatttomosefi  foitning 
tbo  circle  of  Willi*.  Blood  cim  puss  nlon^  this  circle  iu  various 
ways;  from  iht;  basilar  artery  along  th<?  right  posterior  coinniu- 
nioatiiig  artery  to  llie  right  internaT  oarotia,  and  so  by  the  right 
anterior  cerebral  artery  and  anterior  communicating  artery  to  the 
left  flide  of  the  circle,  and  similarly  f lom  the  basilar  artery  along 
the  left  side  to  the  right,  or  from  the  right  or  from  ihe  left  carotid 
through  the  circle,  to  the  right  hand  or  to  the-  left  hand  in  each 
case.  Since  the  channel  of  tlio  circle  i«  a  fairly  wide  one^  the 
passage  in  variouii  directiuii.s  is  im  ea»y  one ;  all  the  vesseU  radi- 
nting  from  the  circle,  including  the  basilar  artery  and  its  bi-nnehes, 
cam  ue  supplied  by  the  carotia^  alone,  or  by  the  vertebrala  alone. 
or  even  by  one  carotid  or  one  vertebral  alone.  In  this  way  an 
ample  supply  of  blood  to  the  brain  is  secured  in  the  face  of  any 
hindrance  to  the  flow  of  blood  along  any  one  of  the  four  ohanncbi. 
In  what  may  perhapi;  W  considered  the  unuftl  anUDgumcnt,  the 
calibre  of  the  posterior  communicating  arteries  is  rattier  timaUcr 
than  the  other  parts  of  the  circle,  so  that,  other  things  being  equal, 
most  of  the  vertebral  blood  will  pass  by  the  posterior  cerebral 
arteries,  while  the  carotid  blood  passes  to  the  middle  and  ante- 
rior cerebral  arteries ;  but  raanv  variations  are  met  with.  We 
may  also  here  perhaps  call  to  mind  the  fact  that  the  left  carotid 
coming  off  from  the  top  of  the  aurtiv,  ofTcr»  a  more  straight  path 
for  tile  blood  than  does  the  right  carotid  which  comes  off  from 
the  innominate  artery. 

Another  special  feature  of  the  arterial  supply  to  the  brain  is 
that  the  three  large  cerebral  arteries,  posterior,  middle  and  ante* 
rior,  are  distributed  almost  exclusively  to  the  cortex  and  to  the 
subjacent  white  matter,  while  the  deeper  part«  of  the  hemisphere, 
the  nucleus  caudatus.  thalamus  aii<t  (he  lilcc,  with  the  capsule  and 
other  adjoining  white  matter  are  stipplied  by  smaller  urterio» 

set 


1 


828 


THE  VENOUS   SINUSES. 


[Book  hi. 


coming  tlirect  from  the  circle  of  Willis,  or  from  tbe  very  begio- 
nings  of  Uie  three  cerebral  iirterius.  It  ii*  sUUsil  thot  these  two 
systems  make  uo  anastnmosoM  with  each  other;  but  difren.'iit  id- 
<livKludU  ill  respect  tn  this  appear  to  vary  iimch.  We  inAv  udd 
that  llie  anterior  cerebral  artery  siippliea  the  cortex  of  the  don«l 
aspect  of  the  frontal  lobe  as  well  as  the  front  and  middle  jmrtions 
of  the  whole  mesial  surface  of  the  hemisphere ;  while  the  middle 
cerebral,  ahvaj's  large,  is  di-stributcd  to  the  side  of  the  brain,  thM 
is,  the  piirietitl  lobe,  with  the  veiitml  piirt  of  the  frontal  lobe  and 
the  dorsal  ]iait  of  tbe  tttmpdral  lobe ;  the  posterior  cercbnil  sup- 
plyiiip  the  rest  of  the  cortex,  that  is  to  say,  the  occipital  lobe 
including  the  hind  |>art  of  the  mesial  surface  of  hemisphere, 
togetlier  with  the  ventral  part  of  the  temporal  lobe.  The  dis- 
triDution  of  these  arteries  therefore  does  not  correspoad  to 
functional  divisions,  for  while  the  middle  cerebral  supplies  a 
large  part  of  the  motor  region,  it  doo»  not  supply  the  whole 
of  it,  Rud  docs  supply  piirts  outside  it.  Tbongli  the  small 
arteries  ;vs  they  run  in  the  pia  mater  on  the  surface  of  the  cortex 
anastomose  freely,  there  is  very  little  anastomosis  between  tl>e 
small  arteries  which  leaving  tlie  pia  mater  dip  down  into  the 
subntance  of  the  brain  :  hence  when  these  latter  arterien  are 
blocked,  the  nutrition  of  the  part  of  the  cort«x  supplied  by 
tltem  is  apt  to  I>c  impaired. 

§  520.  'Flio  venous  itrningentenfs  of  the  bruio  have  very 
special  characters. 

The  channels  for  the  venous  blond  of  the  bmin  are  ant 
veins  bnt  sinuses,  not  so  much  tubes  for  maintaining  a  uniform 
current  as  longitudinal  reservoirs,  which  while  tifforditig  an 
easy  onward  path  can  also  be  easily  filled  and  easily  emptied, 
and  in  which  the  blood  can  move  to  and  fro  without  the 
restrictions  of  valves.  This  arrangement  is  conelated  to  the 
peculiar  surroundings  of  the  brain,  which  is  not  like  other 
organs  protected  merely  by  skin  or  other  extensible  and  olaadc 
tissue,  but  is  encased  by  a  fairly  compIctj.t  inuxtvnsiblu  envelope. 
Uie  skull.  As  a  consequence  of  this,  when  at  any  time  an 
extra  quantity  of  blood  is  sent  from  the  heart  to  the  bmin, 
room  roust  be  made  for  it  by  the  increased  exit  of  the  fluids 
already  present;  for  any  pressure  on  the  brain-substance  bevond 
a  certain  limit  is  injurious  to  its  welfare  and  activity.  Some 
room  may,  m  we  have  seen  (^  518),  l>c  provided  by  the  escape 
of  ccrebro-spinal  Huid  from  t^ie  skull.  But,  within  the  limits 
of  the  normal  cerebral  circulation,  the  characteristic  venous 
ginuses  especially  serve  to  regulate  the  internal  pressure;  they 
ftMTO  temporary  reservoirs  from   which  a  comparatively   large 

auantity  of  blood  can  be  rapidly  discharged  fi-om  the  cranium. 
10  flow  from  tbe  sinuses  being  greatly  assisted  bv  the  low  or 
negative  pressure  obtaining  in  the  veins  of  the  neck  at  each 
inspiratory  movement  of  the  chest.     The  injurious  effects  of  too 
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great  a  pi-efuura  on  the  bmin-^ubstance  are  seen  in  certain  mal- 
adies, where  blood  passing  by  rupture  of  the  blood  vasnels  out 
of  its  normal  channels  remains  effused  on  the  surface  of  the 
brain  or  ebewhore.  and  thus  taking  up  the  room  of  the  proper 
brain-subs  bin  CG  luadx,  by  *  compi'cssiou '  as  it  !:$  called,  to  paral- 
ysis, loss  of  coiisoiousnt»s,  or  duAlh.  They  arc  also  shewn  by 
experiment  on  aniniaU.  When  by  driving  an  excess  of  (luid 
into  Uic  8iibdural  eavity  through  a  hole  in  the  ci'anium  or  by 
other  means  a  certain  amount  of  pressure  is  established  in  the 
cranial  cavity  both  the  respiration  and  tbe  circulation  are 
affected.  The  breathing  is  slowed  and  cTentually  arrested,  but 
may  in  certain  coses  he  quickvne<l.  The  heart  is  slowed  by 
vagus  inhibition,  and  a  nse  of  blood  pressure  due  to  vaso-coa- 
ntnction  is  observed  unless  thesloxvingof  the  heart  be  sufGcierit 
to  neutralize  thin,  'lliese  phenomena  point  of  couise  especially 
to  an  inflnence  exerted  on  the  spinal  bulb;  but  besides  ihene 
changes  in  the  pupil  and  other  effects  are  met  with. 

§  SSL  The  supply  of  blood  to  the  brain  seems  at  lirst  sight 
not  to  correspond  to  the  importance  of  this  the  chief  organ  of  the 
body,  lu  the  rabbit  it  would  appear  that  hardly  more  than  one 
per  c«rit.  of  the  total  (jiiaiitity  of  the  blood  of  the  body  is  pres- 
ent at  any  one  IJme  in  the  bi-aln,  a  quantity  but  little  more  tbau 
half  that  which  is  found  in  the  kidneys;  and  while  the  weight 
of  blood  in  the  brain  at  any  one  time  amounts  to  about  five  per 
cent,  of  the  total  weight  of  the  organ,  being  about  the  same  as 
in  the  muscles,  in  the  kidney  it  amounts  to  nearly  twelve  per 
cent,  and  in  the  liver  to  as  much  as  nearly  thirty  per  cent. 
Making  every  allowance  for  the  relative  small  size  and  func- 
tional importance  of  the  rabbit's  bruin,  the  blood-supply  of  woo 
the  human  broin  must  still  be  small ;  and  making  every  allow- 
since  for  rapidity  of  cun-ent,  the  interchange  between  the  blood 
wid  the  nervous  elements  must  aUo  be  small.  In  other  words, 
the  metabolism  of  the  brain-substance  is  of  importance  not  so 
much  on  account  of  its  (juantily  as  of  its  special  qualities. 

llie  circidation  in  the  bniin  may  be  studied  In'  help  of  various 
methods.  A  manometer  may  be  connected  with  the  periplural 
end  of  the  <lividcd  int4.-nial  carutid  arteiy,  a  second  manom- 
eter being  attached  in  the  usual  way  to  the  centru]  portion. 
Since  the  periphi-ml  manometer  records  the  blood-presaure  in 
the  circle  of  Willis  transmitted  along  the  peripheral  portion  of 
the  carotid  arteiT,  variations  of  pressure  in  the  circle  of  Willis 
may  thus  be  studied ;  and  a  comparison  of  the  pcnpberal  with 
the  centi-al  manometer  will  indieatti  what  general  changes  arc 
tukiiig  place  in  the  circulation  through  the  brain.  Thus  a  fall 
of  pressure  in  the  peripheral  manometer  unaccompanied  by  any 
eorresponding  f)dl  tn  the  central  manometer  would  shew  that 
the  "  peripheral  resUtance  "  in  the  brain  was  being  lowered,  in 
other  woraa,  tliat  the  vessels  were  being  dilated. 
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In  anotber  metliod,  in  the  dog,  tb«  outiiow  of  veuoiu 
blood  £roiti  tlie  late^ral  siniis  tlirough  the  pnsterinr  facial  vein  ha» 
been  measured.  The  freedom  with  wliiu-h  blood  passes  also? 
the  HiQUses  justifies  the  assumption  that  the  oulSow  througn 
the  open  vein  gives  itii  approximitl«  measure  of  the  rate  of  flow 
under  natural  cuiiditioiiit ;  still  the  results  am  only  upproximato. 
and  txiside.s,  the  continued  Iiws  of  blood  introduoeii  crnjr. 

A  third  method  in  a  pleth\'8roo^raphio  one.  The  skull  is 
jniiAa  to  serve  as  the  box  of  the  plethysmogniph  or  oncometer 
(§  330)  ;  a  small  piece  of  the  root  Imvins  been  removed  by  tbe 
trephine,  a  membmoe  is  fitt^sd  to  the  hole,  and  t}ie  movemenu 
of  the  membrane  are  recortk-d  by  help  of  a  piston  and  lever  or 
directly  bj'  iv  luvcr.  In  young  subjeut^,  the  fontiuivUc,  or  poi^ 
tion  of  the  cranium  not  yul  iWHitied,  may  lye  utilized  as  a 
natural  iniiinbrane,  and  it^  niovements  recorded  in  a  similar 
manner.  Whsn  the  instnnnent  is  titled  to  the  hole  in  a  water- 
tight manner,  this  method  records  variiilions  in  internal  ptee- 
sure ;  and  we  may  take  it  for  granted,  unless  otherwise  indicated, 
that  greater  or  less  pressure  is  tlue  to  more  or  luss  blood  pass- 
ing to  the  brain.  But  tliv  amount  of  pru^suru  brought  lo  bear 
on  tlio  recoiling  instrunieiit  will  also  dei^nd  on  the  ixMdinv«s 
with  which  the  ceri-bio-npiiial  fluid  esca[je»  from  tlie  cavity  of 
the  skull ;  if  there  l)c  a  hindnince  lo  the  escape,  or  on  the  other 
hand  an  increa:>ed  facility  of  esca)>e,  the  same  increase  of  sup- 
ply of  blood  will  produce  in  one  case  a  less,  in  the  other  a 
greater  movement  of  tlio  lever.  If  tlie  membrano  be  attached 
loosely  to  the  hole  so  as  to  allow  fruu  escape  of  the  cerebro- 
spinal fluid,  the  lever  practically  rt'sting  on  the  surface  of  the 
cerebial  huniispliere,  the  method  record.s  variations  in  the  dono- 
vential  diameter  of  the  hemisphere,  and  these  may  be  taken  as 
measuiing  variations  in  tho  volume  of  tlie  brain  and  so  in  tJie 
blood  supply.  In  neither  form,  however,  does  the  method  by 
itself  give  us  all  the  information  which  we  want.  An  increase 
of  blood  in  the  brain,  and  ihervforc  an  expansion  of  the  bnuiu 
and  so  a  movement  of  tho  recording  insli-ument,  may  result 
«ither  from  a  fuller  arteriiil  supply  or  from  hindrance  lo  the 
venous  outflow:  the  former  condition  is,  at  least  in  most 
cases  favourable  to,  the  Utter  always  and  distinctly  injurious 
to,  the  activity  of  the  nervous  structures.  Hence  the  teach- 
ings of  the  lever  must  he  interpreted  by  help  of  a  simultaneous 
observation  of  the  general  arterial  pressure  and  of  the  Uoud- 
pressure  iu  the  veins  of  the  neck ;  or  the  pressure  in  the  sinuses 
themselves  may  be  measured  by  introducing  a  cannula  directly 
into  the  torcnlar  Heio])hil!.  Moreover,  the  argument  which 
we  used  (§  837)  in  reference  to  the  kidney  may  be  applied 
here  and  probably  with  equal  force,  namely,  that  the  value  of 
the  blood  stream  for  the  nutrition  of  the  tissue  is  dependent 
not  alone  on  the  amount  of  blood-pressure,  but  alao  and  espe- 
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ciftlly  on  tlie  rapi(]ity  of  the  Aqw;  indeed  this  second  factor  is 
of  particiilai'  iinpnitance  in  \iew  of  the  need  of  supplying  the 
nei'voua  elemenui  with  an  adequate  interchange  of  piaes.  Now 
of  the  rapidity  of  6ow  the  plcthyMmugruphiu  method  can  give 
us  indirect  iuformation  only. 

§  522.  By  ouv  or  other  or  all  of  these  methods,  certain 
importHQt  fact^  have  been  niadt'  out.  The  volume  of  the  bruin, 
an  determiued  by  the  amount  of  blood  prewnt  in  it,  is  uoutio- 
uallv  undergoing  ohangt-!)  brought  about  by  vaiious  causes. 
Each  heart-beat  makes  itself  visible  on  the  cerebral  aa  on  the 
renal  plothysmographic  tracing,  and  as  we  have  seen  in  speak- 
ing of  respimtiou,  the  diminution  of  pressure  in  the  great  veins 
of  the  neck  durinj^  inspiration  leads  to  a  sltrinking,  and  the 
NTerse  eltan};e  during  expimUon  to  a  swelling  of  the  bruin. 
Tlie  plethy-sinograph  also  rthvws  variations,  larger  and  slower 
than  the  respiratory  undulations,  and  brought  about  by  various 
uauses,  HUcb  as  the  position  of  the  beau  in  relation  to  the 
truuk,  movements  of  the  limbs,  modiiications  of  the  respira- 
tory movemeuts,  and  appai-ently  phases  of  activity  of  the  brain 
itself,  as  in  waking  aim  sk-eptng ;  undulations  corresponding  to 
the  Traubo-lii-rin^  viiriations  (§  iil&)  of  blood-pressure  may 
not  unfrcqueutly  be  oUserveil. 

All  the  various  methods  show  that  the  flow  Uireiigh  the 
brain  is  largely  determined  by  a  \'aHo-motar  action  of  some 
kind  or  another.  And  this  we  might  indeed  infer  from  ordi- 
nary experience.  W'hen  the  head  is  suddenly  shifted  from  the 
erect  to  a  liunging  position,  there  nitist  be  a  tendency  for  the 
blood  to  accumulate  in  the  eranial  cavity,  and  cunvcrstdy  when 
the  head  is  suddenly  shifted  from  a  hniigiiig  to  an  erect  posi- 
tion, there  must  be  a  tendency  for  the  eupply  of  bhiod  within 
the  cranium  to  be  for  a  while  less  than  normal.  ICither  change 
of  paiition,  and  especially  perha^w  the  latter,  would  lead  to 
cerebral  disturbances,  which  in  turn  would  in  ourselves  bo  re- 
vealed by  affections  of  our  consciousness.  That  a  perfectly 
healthy,  and  especially  young  orminisiu  whoso  vaso-motor 
mechanisms  are  at  once  effective  and  delicately  responsive,  can 
pMH  swiftly  from  one  position  of  the  head  to  the  other  without 
inconvenience,  wherea^t  those  in  whom  the  vaso-motor  mechan- 
isms have  by  ^*e  or  otherwiHe  become  imperfect  are  giddy  when 
they  attempt  such  rapid  changes,  is  in  itself  adequate  evidence 
of  the  importance  of  the  vaso-motor  an-angements  affecting  the 
circulation  through  the  brain.  The  sovoral  methods  agree  in 
shewing  tliat  increased  general  ai-torial  pressure,  such  as  thftt 
for  insUticu  induced  by  stimulation  uf  a  sensory  nerve,  leads  to 
a  greater  flow  of  blood  to  the  brain;  the  volume  of  tlie  bwn 
is  increased  and  the  venous  outflow  by  the  lateral  sinus  is 
quickened.  Conversely,  a  lowering  of  arterial  preesure  leads 
to  a  lessened  flow  of  blood  to  the  bmin. 
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Seeing  that  the  cerobml  artvrios  hsva  WL-ll>dov«lopcd  muscu- 
lar coats,  thu  basilar  ni'tury  in  fact  bi-iiij;  uoiisuicuous  in  this 
respect,  one  would  be  led  to  Huppo»e  that  tlie  umin  posMtsscd 
special  vaso-motor  nerves  of  it«  own;  and  recognising  the 
inipoitance  of  blood  supply  to  rapid  functional  activity  one 
would  perhaps  anticipate  that  by  special  vaso-motor  action,  the 
supply  of  blood  to  this  or  that  particular  part  of  the  brain 
mighi  be  regulated  apart  from  cbaugcs  iu  the  general  supply. 
The  various  observations,  however,  which  have  hitherto  been 
made  have  failed  to  dcmoiiKlrate  witli  ci;rtaiuty  any  such  special 
vaso-motor  nervos  m-  fibre.-*  directly  govemine  cerebral  vessels. 
It  would  be  ha/,ardou.<  to  insist  too  much  on  this  ne^tive  reaull, 
espocially  since  the  observations  have  been  chiefly  directed  to 
the  nei-vcs  of  the  neck,  the  experimental  difBcultieA  of  investi- 

fating  the  presence  of  vaso-motor  fibres  in  the  cranial  nerves 
eing  very  groat.  Still  it  may  be  urged  and  ludood  has  been 
ui^ed  that  the  flow  of  blood  tlirough  the  brain  is  so  delicately 
responsive  to  the  workinj*  of  the  geneml  va«o-motor  mechanism 
just  bccnu.se  it  has  no  vaso-motor  nerves  of  its  own.  In  such 
an  organ  as  the  kidney,  an  increase  of  general  bli»od-prei«aure. 
as  we  have  more  than  once  insistitd,  may  or  may  not  lead  to  a 
greater  flow  through  the  kidney  according  as  tlie  vessels  of  th« 
Kidney  itself,  through  the  action  of  the  renal  vaso-motor  nerve*, 
are  dilated  or  constricted ;  and,  as  we  have  seen,  a  eouatrietion 
of  the  renal  vessels  may  be  one  of  the  coutributun  to  tba  in- 
creased  general  pi-e.<sure.  In  the  brain,  on  the  other  hand,  an 
increa.'«e  of  general  arterial  pressure  seems  always  to  lead  to 
increase  of  flow.  Thus  in  the  Traubp-Hering  undulations  jiist 
mentioned,  the  expansions  of  the  brain  are  coincident  with  the 
rises  of  the  general  pressure,  whereas  in  the  normal  kidney  and 
in  other  organs  the  local  Traubc-Hering  undulation  revetves  the 
general  onu,  the  shrinkiiigs  arc  syuehrondus  with  the  rises  of 
pressure,  the  local  constriction  being  one  of  the  factors  of  the 
general  rise.  It  is  argued,  that  in  the  absence  of  vaso-motor 
nerves  of  their  own.  the  cerebral  vessels  are  wholly,  bo  to 
speak,  in  the  hands  of  the  general  vaso-motor  system,  so  that 
vhen  the  blood-preMure  is  nigh  owing  to  a  large  vaso-constric- 
tion  in  the  abdominal  viscera,  more  blood  must  oeceasarily  pass 
to  the  brain,  and  when  again  the  blood-pressuro  falls  through 
(he  opening  of  the  splanchnic  flood-gates  (§  151)  levs  blood 
necessarily  flows  along  the  cei-ebn^l  vessels.  .\iid  indeed  one 
way  recogni/.e  hei-e  a  sort  of  seif-regiiiating  action;  for  dimin* 
ishmg  the  supply  of  blood  to  tlie  vaso-motor  centre  in  the  bulb 
acts,  as  we  know,  as  a  powerful  stirouliLi  in  producing  vaso- 
constrictioR.  and  so  leads  to  a  rise  of  blood-pressore :  but  this 
very  rise  of  blood-pressure  drives  more  blood  to  the  brain,  in- 
cluding tho  bulb,  and  thus  the  injurious  effects  to  the  brun 
thieatcued  by  an  anaemic  condition  are  warded  off  by  the  mcij 
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begUming  of  the  antemia  iUt-lf.  All  those  Advantages  ara, 
however,  quitu  compatible  with  th«  ooexutence  of  speciul  vaso- 
motor incctiaiiiKUiM. 

§  523.  Moreover  the  How  of  hlood  to,  and  consequent  chnngo 
ill  llie  bulk  of,  tht^  brain,  and  indeed  the  flow  of  blofKl  ihrouyh 
the  brain,  as  measured  by  the  venous  outflow,  may  be.  nuuliliod 
independently  of  changes  in  the  gtsncral  hlood-pressure.  For 
inslaace,  stimulation  of  tlio  motor  region  of  the  cortex  quickens 
the  venous  outflow,  without  pix>duuing  tiny  murked  chkoge  in 
the  gencrul  blood-pressure ;  this  feature  becomes  very  striking 
nt  the  onset  of  epiU^ptifonn  convulsions  when  theae  nmkc  tlicir 
appearance.  It  in  diflicult  not  to  connect  8ueh  a  result  of  func- 
tional activity  with  some  special  vaao-niotor  nervous  arrange- 
ment comparable  to  that  so  obvious  in  the  case  of  a  seci-eting 
gland.  Affain,  it  has  been  observed  that  certain  drugs  have  an 
effect  on  the  volume  of  the  brain,  quite  incommensurate  with 
t}ieir  effect  on  the  vaso-motor  s^'stcm;  thus  in  particular  the 
injection  into  the  gcncnil  blood  stream  of  a  weak  acid  produces 
a  large  and  ininiediate  exjMtnsion  of  the  brain,  while  the  intro- 
duction of  a  weak  alkali  similarly  gives  lUe  to  similar  consider- 
able shrinking.  It  is  suggested  that  theite  effects  are  produced 
by  the  acid  or  alkali  acting  directly  on  the  muscular  coats  of 
tfie  minute  arteries  and  so  leading  to  relaxation  or  contraction 
respectively.  Ob6er>-ations  go  to  show  that  the  grey  matter 
of  the  cortex  is  faintly  alkaline  during  life  and  under  normal 
conditions,  but  becomes  ucid  after  death  or  when  its  blood- 
supply  is  interfered  with;  and  it  has  been  urged  tlmt  nervous 
grey  matter  like  muscular  substance  developed  acidity  during 
activity,  ns  well  as  upon  death,  the  acidity  being  probably  due 
in  each  caae  to  some  form  of  lactic  acid.  And  just  as  it  has  been 
suggested  that  the  dilation  of  the  minute  arteries  of  a  skeletal 
muscle,  accompanying  or  following  the  contraction  of  the  mus- 
cle, is  bnnight  alwut  by  the  acid  generated  during  the  contrac- 
tion causing  a.  relaxation  of  the  muscular  coats  of  the  minute 
arteries,  so  it  lias  beeu  suggested  that  a  similar  acidity,  the 
product  of  nervous  activity,  similarly  leads  in  nervous  tissue  to 
B  dilation  of  the  ve.ssels  of  the  part.  The  existence  of  special 
vaso-niotor  mechanLsms  would,  however,  afford  a  more  satisfac- 
tory explanation  of  these  and  other  phenomena:  in  spite  of  the 
negative  results  so  far  obtained,  the  matter  is  obviously  one 
needing  further  investigation.  Meanwhile  we  have  abundant 
evidence  that,  however  brought  about,  the  flow  of  blood  through 
the  brain,  and  probably  through  particular  jiarts  of  the  brain,  is 
varied  in  accordance  with  the  needs  of  the  biain  itself  and  the 
events  taking  place  elsewhere  in  tlie  body. 
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SEa  1.     ON  THE  GENERAL  STRUCTtTRE  OF  THE  EYE, 
ASK  ON  THE  FORMATION  OP  THE  RETINAL  IMAtiE. 

§  524.  Ix  dealing  with  the  br&iii  we  have  been  incidentally 
obligL-d  to  il«al  with  some  of  the  facts  (.'onnfiited  with  the  senses; 
but  WK  nuist  now  study  tlm  distiiils  of  the  subject.  j\nd,  for  the 
very  i-eiutoii  that  it  ia  the  most  highly  duvelopi-d  and  diiSerenti- 
ated  sense,  it  will  be  convenient  to  begin  with  the  Kcii«e  of 
ught;  we  Hhall  find  that  the  study  of  it  throws  more  light  on 
the  simpler  and  more  obscure  senses  tlian  the  study  of  tlicm 
throwH  on  it. 

A  ray  of  light  entering  the  cj-e  and  falling  on  the  retina 
fpves  nie  to  whut  wu  citll  a  iiensation  of  light :  hut  is  order  that 
disUnot  vision  of  any  object  emitting  or  rcfliicting  rays  of  light 
may  be  gained,  an  image  of  the  objeut  must  be  fornted  on  the 
retina,  and  the  better  defined  the  image  the  more  distinct  will 
be  the  vision.  Hence  in  studying  the  physiology  of  vi.ii<>n,  our 
first  duty  is  to  examine  into  the  arrangements  by  which  the  for- 
mation of  a  satisfactory  image  on  the  retina  is  effected ;  these 
we  may  call  briefly  the  dioptric  mcclianisins.  We  shall  tlien 
liave  to  inquire  into  the  laws  according  to  which  rayn  of  light 
impinging  on  the  retina  give  rise  to  nervous  impulses,  and  into 
the  laws  according  to  which  the  sensory  impulses  thus  gene- 
rated, which  wo  n-ill  call  visual  impulses,  give  rise  in  turn  to 
visual  sensations.  Hero  we  aball  oome  U]>on  the  difficulty  of 
diatiugulshing  Ijctwecn  the  events)  which  arc  of  physical  origin, 
due  to  chaiigc-s  in  the  retina  and  optic  fibres,  and  those  which 
are  of  psychical  origin,  due  to  features  of  our  own  conscionsness: 
for  many  of  our  conclusions  are  based  on  an  apiieal  to  conscious> 
nesa.  We  shall  find  our  difScultios  further  increased  by  th«  hcu 
that  in  appealing  to  our  own  consciousness  we  are  apt  to  fall 
into  error  by  faiLug  to  distinguish  between  those  affections  of 
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consciouHneHs  which  are  the  priinar)-  and  direct  results  of  Uie 
stimulation  of  the  retina  ana  thosu  secondary,  more  recondite, 
affectiotiii  of  coiiKdoitsncss  to  which  the  former,  through  the 
intricate  workinj^  of  the  central  nervous  system,  give  rise,  or,  in 
fiiiniliar  Isnguace,  by  confoinidin)^  what  we  sun  with  what  wo 
Ihink  we  see.  These  two  (hinps  we  will  briefly  distinguish  ax 
visual  sensationa  and  visual  judguientA ;  and  we  shall  tmd  thnt 
even  in  vision  with  one  eye.  though  more  eiipecially  in  binocular 
vision,  visual  judgments  form  a  very  large  part  of  what  we  fre- 
quently spenk  of  us  our  '  sight.' 

§  5!J5.  In  the  structure  of  the  eye  we  may  distingtiisb  two 
parlN:  lliu  one  m  the  rctitui,  in  which  visual  impulses  are  gene- 
mted;  tlie  other  conipriBL-s  all  the  rest  of  the  eyeball,  for  nU  the 
other  structures  serve  either  as  a  dinotnc  mecbanlstn  or  us  • 
means  of  nourishing  the  retina.  This  aistinction  is  readily  seen 
when  we  trace  oat  the  early  history  of  the  eye. 

The  first  of  the  three  primary  cerebral  vesicles,  that  which 
is  the  forerunner  of  the  third  ventricle,  buds  out  on  each  side 
the  stalked  and  hollow  optic  vehicle.  The  wall  of  this  optic 
vesicle,  like  that  of  the  rest  of  the  medullary  tube,  consists  of 
epitlielium.  and  the  cavity  of  the  vesicle  is  at  tintt  continuous, 
through  the  canal  of  the  hollow  stalk,  with  that  of  the  medul- 
lary tube.  The  whole  is  covered  over  by  the  layer  of  epiblast 
which,  with  scanty  underlying  mcsoblast,  is  the  rudiment  of  the 
future  skin. 

Vi-ry  soon  the  vesicle  is  doubled  back  upon  or  folded  in 
upon  it«elf  so  that  the  originally  more  or  less  sphericnl  hollow 
single-walled  vesicle  is  converted  into  a  more  or  less  humixphoi^ 
ical  cup  with  a  double  wall,  one  the  hind  or  outer  wall  corre- 
sponding to  the  hind  half,  and  the  other  the  front  or  inner  wall 
to  the  front  half  of  tlje  vesicle,  the  two  \valls  of  the  cup  coming 
eventually  into  contact  so  that  the  euvity  of  the  vesicle  is  oblit- 
crated.  The  folding  is  somewhat  peculiar.  Inasmuch  iis  it  takes 
place  not  only  at  the  front  but  al»o  and  indeed  cbieHy  at  the 
nde.  forming  at  the  side  a  cleft,  Uie  choroidal  fissure,  the  edges 
of  which  ultimately  unite.  We  cannot  enter  into  the  details 
of  ihe  matter  here,  and  indeed  only  refer  to  the  character  of  the 
folding  in  order  to  point  out  that  it  involves  the  stalk  as  well 
as  the  cup.  The  stalk  is  first  flattened  and  then  doubled  up 
lengthwise,  a  quantity  of  mcsoblastic  tissue  being  thrust  into 
the  hollow  of  the  fold;  nrid  eventually  the  originally  hollow 
stalk  becomes  a  solid  stalk  having  witliin  it  a  core  of  m«8obla»- 
tic  tissue,  carrying  blood  vessels.  This  core  of  vascuhir  meso- 
blast,  the  origin  of  the  future  central  artery  of  the  retina,  is 
continuous  with  a  quantity  of  mesoHast  which  enters  into  tlie 
hollow  of  the  cup  at  the  time  of  folding,  and.  as  we  shall  see. 
the  central  artery  of  tbc  ^talk  is  up  to  a  certain  stage  of  devel- 
opmeDt  uuried  forward  through  thv  v«Qtre  of  tlw  oup.    The 
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Fw.  130.    DiAOKAHiunc  tivn.i»m  o»  ■  wmttwnhv  •Bcnov  op  tiu  ktx, 
in  II.LC4TBATB  tnB  KKLA-noKS  or  ms  tauoci  nam. 

Hie  S^rc  is  Ui  be  rcguded  na  vctj  diaKnuamaltc.  mora  or  leaf  diatocUcMi  of 
die  iclaUTi)  aiaM  td  the  v»riaui  paru  and  of  tbe  rcduira  tUeknes*  of  tlw  oMti 
b«big  nnaroliUbl*  in  the  cflon  to  urcurc  ilmplidtjr. 

Set-  th«  Klarotlc  coat,  shaded  laugttotliiialtj.  ooollnaou  wiifa  tb«  (oiuhadcd) 
twdjr  o(  ili«  oonw^  t  c  ifae  epltbetium  of  the  oorniM  coaiiimoua  with  c^  tb« 
cpUheUDm  ol  the  eoniunotiim. 

CK.  the  chnrt^  ooat  with  C.  P.  tbe  dllary  jaoecm  and  I.  the  body  ol  th*  bii^ 
all  atlpplnd  to  Indicato  that  they  biv  all  pRita  o(  Um  auna  tskbUt  iBtMUMOl. 

S.  the  retina  or  haner  wall,  and  P.  f  .  the  piftoat  epftbcUniii  or  ooter  nil  ol 
die  retiiuil  cugi.  In  front  o(  the  nvy  tine  OS.,  marknig  the  poijlkw  of  tlie  ««« 
KFrrain.  the  rciin.-t  proper  ohangM  into  the  p«iBdUBifaTCliBM,ji.e.  B.  Both  Ui* 
pigiiiriit  eptttii^llum  uid  the  pais  elllarla  reuna  iiiiiiniiiaMiinfaii  iniiiliiniiil  mei 
the  back  ot  thn  Iria  u  wril  a*  ovtr  the  cSiair  proon*. 

L.  the  leua.  ^.  J.  the  suspeoaoij  UgamMit.  Tlie  tirokMi  line  roniHl  the  lens, 
ahewR  on  one  aioe  only.  mpn»enta  the  meoibraiu  capsulo-pupiU&riK ;  aad  the 
nratght  coDtiouattoii  of  It  through  F.  i7.  the  rttreouB  hmDour  to  O.  X.  tbo  opik 
ner**  Indicates  the  cmbtjonlc  continuation  of  the  ocntral  aitciy  of  tbo  mlna. 

o.  z.  the  optic  azt«,  in  this  case  made  to  pus  Uii«n^  the  fovea  MMtiUt/fc. 

The  front  or  inner  wall  of  the  retinal  oup  is  from  the  fint 

distinctly  thicker  than  the  hind  or  outer  wall  (Fig.  139)  ;  it  soon 
ODiuiiats  of  more  than  one  layer  of  epithelium,  and  it  alone,  or, 
more  strictly  Hpeakiog.  part  of  it  kIouo,  bcconitut  tliu  retina  proper. 
The  hind  or  outvr  wall  remains  thin,  aiiil  ooiilinues  to  consist  of  a 
single  layer  of  epithelium,  th«  oelLt  of  which  are  never  developed 
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into  nervonei  elomentfl  but  Booa  become  loaded  with  pigment,  (uid 
tlie  Dfreater  part  of  it  ia  known  in  tbe  adult  eye  as  the  pigment 
epitnelinm  of  the  fctinii.  which,  lui  we  shnll  si>g.  U  iu  close  func- 
tional connection  with  tb«  nervous  elements  of  the  letiun  proper. 
The  fibres  of  the  optic  nerve,  as  they  are  developed  in  the  sulk 
of  tJi(!  rotiniil  cup.  become  connected  with  the  elemenUi  of  tho 
inner  or  retinal  wall  only  of  the  cup ;  they  pierce  the  outer  wall 
of  pigment  epithelium,  making  no  connections  with  the  oelLt  of 
that  outer  wall. 

The  retina  then,  in  which  by  the  action  of  lipht  visual  impul»en 
are  generated.  i»  in  reality  a  part  of  the  brain,  removed  to  some 
difitanco  from  the  rest  of  the  brain  but  remaining  connected  with 
it  by  means  of  the  tnict  of  white  matter  which  wv  call  the  optic 
nerve;  ftnd,  as  we  shall  see,  the  retina  is  in  structuro  similiir  to 
parts  of  the  grey  matter  of  the  brain.  The  optic  nerve  is  not  like 
other  nerveti  an  outgrowth  from  the  central  nervous  svatem,  but 
like  the  olfactory  tract  a  commissure  of  white  matter  between 
two  partfi  of  the  brain,  namely,  between  the  outlying  retina  aud 
the  internally  placed  corpus  geniculatum.  pulviiiar,  and  corpus 
oundrigeminum.  We  shall  find  accordingly  that  in  elructurc  it 
aiifeni  from  ordinary'  cmniul  or  spinal  nerves. 

Into  the  mouth  of  the  retinal  cup  there  is  tlirust  a  rounded 
ma»t  of  epithelium,  an  involution  from  the  superficial  epibbwt; 
thut  becoma-4  the  lens.  The  hollow  of  the  rtiiinal  cup  in  occuiiied, 
as  we  have  said,  by  meHoblast;  this  ultimately  becomes  modified 
into  the  vitreous  humour.  The  mesoblaatic  tissue  surrounding 
the  cup  is  developed  into  an  investment  of  two  coats  ;  an  inner, 
somewhat  looue  and  tender,  vascular  and  in  part  muaculor  coat, 
whioli  on  the  one  hand  serves  to  nourish  the  retina,  and  oil  tho 
Other  biind  carries  out  certain  movement*  of  the  dioptric  appa> 
ratuR,  and  an  outi;r.  firmer  ivnd  denser  coat,  which  afford.^*  pn>U'c- 
tion  to  tlie  whole  of  the  structure*  within.  The  inner  vaitcular 
coat,  which  may  be  eomimred  to  the  ]iia  mater,  is  called  the  cho- 
roid (Fig.  139  Ck.),  and  in  the  front  part  of  the  eve.  at  about 
the  levd^of  the  lens,  is  thrown  into  a  number  of  ladiating  folds 
or  plaibs,  the  ciliary  processes  C.P.  The  outer  coat,  whicli  may 
bo  compared  t^)  the  aura  muter,  la  called  the  nelerotie  (Fig.  189 
Set.).  Over  the  greater  part  of  tho  eyelmll  the  two  coats  are  in 
apparition,  or  separated  only  by  narrow  lympliatic  space-',  which 
may  be  eomjiared  with  the  suburnchnoid  s^taces,  but  towards  the 
{ront  theydivei^  ;  the  choroid  is  l)ent  inwards  towards  the  cen- 
tral axis  of  the  eye  to  form  the  diaphragm  called  the  xrit  (Pig. 
139  I.\  while  the  sclerotic  is  continued  forwards  to  form,  beneath 
the  epidermis  into  which  the  nuperticiat  epiblast  is  developed,  the 
basis  of  the  con\fa  (Fig.  139  C).  At  the  angle  of  divcrgeueo 
of  the  two  coAta  is  develojH-d  a  small  muss  of  muscular  tibr^s,  the 
ciliar>'  musole  of  which  we  shall  speak  in  detail  presently. 

Tne  inner  or  front  nail  of  the  retinal  cup  becomes  as  we  have 
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BBtd  thick,  and  is  devolopod  into  tlie  r«tiiin ;  but  this  takes  place 
only  over  about  llie  hind  thi«e-fowitli«  of  the  oup.  Aloug  a 
meridian  round  the  eye,  at  a  wavy  boundary  line  called  tko  ora 
•emi(a(Fig,  139  0,S.),  the  retina  proper  ceases  and  the  inner  wiU] 
of  the  retinal  cup  in  front  of  the  om  serrata  \a  continued  on  »8 
a  much  thinner  structure  (Fig.  139  p.c.R.)  cuusistiug  "^  a  single 
layer  only  of  cells ;  this  is  spoken  of  its  tho  para  cSiari*  retina. 
The  outer  or  hind  wall  of  tlie  retinal  cup  consisUi  thi-ougboiit 
of  a  single  layer  of  epithelium  oelln  loaded  with  pigment.  Behind 
the  ora  iterrata,  that  Is,  in  the  region  of  the  i-etina  proper,  these 
celU  have,  as  we  ithall  see,  peculiar  features,  hut  in  front  of  the 
ora  serrata  they  lose  these  features  and  become  ordinary  cubtval 
cells,  though  still  loaded  with  pigment. 

Hence  the  choroid  may  be  described  as  having  a  double  lining. 
Over  the  hind  part  of  the  eye,  behind  the  ora  serrata,  it  is  lined 
by  the  siuglu  layer  of  ptgmcnlepitheliuniund  tlic  retina.  In  front 
of  the  ora  ^crmta  it,  including  the  ciliary  prooertsca,  a  lined  by 
the  same  layer  of  pigment  epithelium  representing  the  outer 
wall,  and  by  the  single  layer  of  cells,  free  from  pigment,  reprv 
Benting  the  inner  wall  of  tne  retinal  cup,  the  latter  being  called, 
as  we  have  said,  the  pars  ciliaiis  retiote.  And  as  the  cilmry  part 
of  the  choroid  passes  on  to  form  the  iris,  these  two  layers  are 
also  continued  on  to  lino  tho  back  of  the  iris,  coming  to  an  end 
Ht  the  margin  of  the  pupil  or  central  opening  of  the  iris,  which 
may  accordingly  be  taken  as  marking  the  extreme  lip  of  the 
I'etinal  cup.  rig.  189.  Hei-e  however,  as  we  sliall  see,  the  two 
layers  are  not  so  easily  and  distinctly  recognized  as  in  the  cUiaiy 
region ;  and  the  nature  of  the  structures  forming  th«  back  of  tlw 
iris  has  been  a  matter  of  much  controversy. 

At  an  early  stage  the  mesoblastic  tissue,  which  fills  up  the 
hollow  of  the  retinal  cup  and  surrounds  the  lens,  is  continuous 
at  the  mouth  of  the  retinal  cup  with  tho  outer  investment  of  the 
oup ;  it  here  forms  around  the  lens  the  memhrana  eaptulo-pupil- 
taris,  and  at  the  margin  of  the  iris  the  mumhrana  pupiliant  block- 
ing up  the  future  openine  of  the  pupil.  The  arteria  centralis 
retinse,  which  during  the  folding  of  the  cup  and  stalk  is  carried 
into  the  core  of  the  optic  nerve,  does  not  at  this  early  stage  stop 
at  the  rctinst,  but  is  continued  forward  through  the  middle  of  the 
vitreous  humuurtothemcmbmnHcapsulo-pupillaris. and  furnishes 
the  developing  lens  with  an  abundant  supply  of  blood.  Bat 
neither  layer  of  the  retinal  cup  stretches  over  the  pupillary- 
membrane  :  they  both  stop,  a»  we  have  .said,  at  tlie  margin  of  tho 
iris.  Before  birth  takes  place,  the  membi-ana  pupiilarLs  is,  tn  imuit 
absorbed  and  the  pupil  is  thus  establiHhed :  at  the  same  lime  thfl 
eenlml  artery  in  tne  vitreous  humour  is  oUiterated  beyond  the 
retina,  and  the  vuscular  mombrana  capsulo-pupillarts  gives  place 
to  the  non-vascular  ca{>sulc  of  the  lens  and  tlie  suspensory  liga- 
ment of  which  we  shall  speak  hereafter. 
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Between  the  iris,  which  is  the  extreme  front  of  the  choroid 
investment,  and  the  cornea,  which  is  the  extreme  front  of  tlie 
sclerotic  invi'iitinent.  the  lynijjhatic  spaces  which  over  the  rent  of 
th«  OVB  urc  niirrow  tind  linear  iire  (Jevoloped  into  a  large  oon- 
xptcnoti)!  cliiimber.  Uie  anteriur  c/iaml-er  of  the  eye.  which  upon  the 
«»UvhliHhment  of  the  pupil  by  tliu  iibturptioii  of  the  pupiUuiy 
membrane  becomes  continuon»  with  the  smaller"  posterior  cIuidi- 
bcr  "  of  the  eye  or  apace  Imtween  the  back  8urface  of  tJie  iris  and 
ciliary  processes  on  the  outeide  and  the  suspensory  ligament  with 
tho  lens  on  the  inside.  The  cavity  of  the  conjoined  anteiior  and 
posterior  chambers,  being  a  continuation  and  enlargement  of  the 
natter  spaces  between  the  choroid  or  pia  niatur  of  the  eve,  and 
sclerotic  or  dura  mater  of  the  eye,  may  be  likened  to  tne  sub- 
aiaohnoid  space,  and  like  that  space  contains  a  iieouliar  fluid ;  this, 
which  is  called  the  aqueous  humour,  like  the  cerebro-spinal  fluid, 
diffeni  from  ordinary  lymph,  and  is  probably,  to  a  large  extent, 
furnished  by  the  ciliary  proceasoa  in  some  such  way  as  the  cerebro- 
itpiual  lluid  is  furnishod  by  the  choroid  plexuses  (§  517}. 


7%e  Formation  cf  the  lietinal  Image. 

§  526.  The  iris  atid  choroid  coat  contnin,  as  we  have  said, 
muscular  elements,  and  by  means  of  these  muscular  elements 
changes  in  the  form  and  relations  of  some  of  the  parts  of  the  eye 
are  brought  about ;  hence  we  have  to  distinguish  between  the  eye 
at  rest,  and  the  eye  which  is  undergoing  one  or  other  of  thaaa 
changes. 

'The  oye  is  a  camem,  consisting  of  a  series  of  surfaces  and 
media  arranged  in  a  dark  chamber,  tlie  ins  serving  asadiaphragm ; 
and  the  object  of  the  apparatib*  is  to  form  on  the  retina  a  distinct 
image  of  external  objecu.  That  a  dbtinct  image  is  formed  on  the 
retina,  may  be  ascertained  by  removing  the  sclerotic  from  the 
lack  of  an  eye.  and  looking  at  the  hinder  surface  of  the  tninsparent 
retina  wliile  rays  of  light  proceeding  from  an  external  object  are 
allowed  to  fall  on  the  cornea.  To  understand  how  such  an  image 
is  formei],  we  must  call  to  mind  a  few  optical  principles. 

A  dioptric  apparatus  in  itssimplest  form  consists  of  two  media 
of  different  refractive  jMiwer  separated  by  a  (spherical)  surface; 
and  the  optical  properties  of  such  an  apparatus  depend  upon  ^1) 
the  degree  of  curvature  of  the  surface,  (2)  the  relative  retractive 
powem  of  the  media. 

Such  a  simple  optical  system  is  represented  in  Pig.  140,  where 
apb  represents,  in  section,  a  curved  (spherical)  surface  separating 
a  less  refractive  medium,  on  the  left  hand  towards  O.  from  a 
more  ivfractivo  medium  on  the  right  hand  towanls  A.  The 
surface  in  (piestion  is  symmetrically  placed  as  regards  the  line 
OA,  which  falling  Dormat  (perpendiculu-)  to  tin  surface  at  p 
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pttsses  through  the  centre  n  of  the  sphere  with  whose  sor&ce  vre 
are  dcalhig.     This  line  is  called  the  optic  axi». 

All  rays  of  lif^Iit  ulik-h,  in  piissiiig  from  tliv  ftrat  leifs  rcfnio- 
tiv«  to  the  secona  more  rcfiactivb-  medium,  cut  the  siirfiKx-  nor- 
mally, such  ait  the  one.  Op,  in  the  line  of  the  optic  ftxii*,  and 
others,  »uch  as  »id,  m'f,  undergo  no  refraction ;  all  such  rays  are 
continued  on  as  straight  lines,  and  all  [)as.i  through  n  the  centre 
of  the  sphere  op  nodal  point.  All  other  rays  passing  from  the 
first  to  the  second  medium  are  refracted.  Of  thet>e  all  those 
which  lie  in  tlic  tlrst  medium  parallel  to  the  optic  axis,  Huch  as 
ciJ,  are  so  refracted  as  to  meet  in  the  seeoud  medium  at  a  point, 
/'j,  on  the  optic  axis;  this  i«  called  the  prinripal  vtftUriar  (nr 
second)  foeuu.  On  the  optic  axis  in  the  first  metiinm  there  is 
another  important  ]x>iiit,  t\,  the  rays  of  light  passing  from  which, 
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such  as  F^e.  are  so  refracted  in  passing  into  the  second  medium 
as  to  hccome  parallel,  ef.  to  the  optic  axis  :  this  point  is  called 
tlie  principal  anterior  (or  first)  foem.  The  point  at  vbich  the 
optic  axis  cut«  the  surface  is,  for  reasons  which  we  shall  see 
pniKCDtly,  called  the  principal  point.  The  above  pointti.  viz.  the 
posterior  and  the  anterior  principal  foci,  the  nodal  point,  and 
the  principal  point  are  the  earditml  pointt  of  such  ati  optical 
system. 

Such  a  simple  system,  however,  does  not  represent  the  ojitiral 
conditions  of  the  eye.  for  this  consists  of  several  media  bounded 
by  several  surfaceu,  the  latter  ilifTcring  from  each  other  in  curva- 
ture, thou(;h  being  approximately  spbvrical.  Rayn  of  light  in 
passing  from  an  external  object  to  the  retina  tmverse  in  succv«- 
sion  the  following  sui-face.**  and  media :  —  the  anterior  surface  of 
the  cornea,  the  substance  of  the  cornea,  the  [)0«terior  surface 
of  Uic  cornea,  the  aqueous  humour,  the  interior  surface  of  the 
lenx,  the  suUttance  of  tlie  lens,  the  posterior  surface  of  the  leuOi 
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and  the  vitreous  liuinuur;  'io  thitl  we  have  to  (i«al  with  four  8ur- 
fRces,  and.  including  the  external  air,  four  media.  lndee<I  l)ie 
niattiir  is  in  reality  still  more  conipli(;atj?d.  for  the  structure  of 
tJie  lens,  an  tve  shatl  see.  is  such  that  the  substance  of  the  lens 
differs  somewhat  iti  ivfrnctive  power  iu  different  parts,  the 
central  piirt«  K^ing  more  refntctivv  than  the  peripheral  parts: 
nioreovor  the  lvn&  is  covcntd  in  front  by  n  capsule;  diffei-vnt  iti 
Structure  from  the  Icun  iUt;lf.  We  may.  howvvur,  ncjrleet,  with- 
out fear  of  seriouji  error,  these  smaller  differences,  and  consider 
the  lens  aR  one  medium  of  uniform  refractive  power  l>ounded  by 
an  anterior  and  n  ]Kisterior  surface.  The  cornea  aj^ain,  as  we 
shall  see.  is  not  absolutely  uniform  in  strut^tme.  hut  this  we  may 
abo  neglect  and  consider  the  cornea  as  ii  medium,  also  of  uni- 
form rvfnictivu  puwvr,  bounded  by  an  anterior  and  a  posterior 
(turftice.  Moreover,  the  posterior  surfturu  of  the  cornea  is  parallel 
to  (coiicenlrie  with)  the  anterior  aurface  or  nearly  so.  Now 
when  the  two  surfatre^  which  txnind  a  medium  are  parallel  to 
each  other  we  may.  in  dealing  with  refi'oction,  neglect  the  thick- 
ness  of  the  medium  entirelv.  we  may  suppose  it  to  be  absent  and 
treat  the  two  surfaces  as  if  they  were  one.  We  may  therefore, 
without  serious  error,  neglect  the  substance  of  the  cornea,  and 
consider  the  cornea  as  affordinj;  one  surface,  ita  anterior  surface. 
Iwundiiig  the  air  in  front  from  the  aqueous  humour  behind. 
Lastly,  the  aqueona  humour  differs  in  refmi^tive  jvower  so  little 
from  the  vitreous  liumnur  tJiat  we  may  consider  the  iwo  as  form- 
ing one  medium. 

We  have  therefore  to  deal  with  three  surfaces  separating 
three  media,  vii. :  —  lirat,  the  anterior  surface  of  the  cornea,  at 
which  considL'mble  refraction  takes  place  as  the  rays  of  light 
puss  from  the  less  refractive  air  into  tliv  more  refractive  aqueous 
liumonr;  secondly,  the  anterior  surface  of  tlie  lens,  at  which 
again  considerable  refrat^tion  takes  place  as  the  rays  pass  from 
tlie  less  refractive  aqueous  humour  into  the  more  refractive  siilv 
stance  of  the  lens :  and  lastly,  the  posterior  surface  of  the  lens, 
at  which  refra<!tion  takes  place  as  the  rays  pass  from  the  more 
refractive  substance  of  the  lens  into  the  less  refractive  vitreous 
humour.  The  three  surfaces,  differing  in  curvature,  aru  all 
a]ipr»]uinat«ly  centred,  symmelrically  disposi'd  around,  the  optic 
axis  of  the  system.  This  optic  axis  meeta  tlie  retina,  according 
to  some  authoritie.t.  not  quite  at  the  port  of  tike  retina  which, 
under  the  name  oifoveit  rentralis,  we  snail  hereafter  speak  of  as 
the  centre  of  the  retina,  but  a  little  above  and  to  the  nasal  side 
of  ttiat  part ;  other  authorities,  however,  maintain  that  it  does 
cut  the  retina  at  tliu  fovea  centralis. 

§  527.  The  eye.  therefore,  even  with  the  simplifications 
vbich  we  have  introduced,  pr^cnts  a  much  more  complex  up- 
tieal  sysK^m  than  the  one  di^cribed  above.  It  has.  however,  Im'i-u 
•hewn  mathematically  that  a  oomplex  optical  system  consisting 
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of  several  surfacuH  luid  uivdia  centred  on  one  optical  axis  may  be 
tiriitiHl  tts  if  il  were  a  moru  simple  synWin  consisting  of  two  sur- 
fiices  only.  In  such  a  »iniplifi«<l  Kj'Bt«in  cticli  of  tlic  two  (ideal) 
snrfacex  has  its  own  nodal  point  iinrl  it^  own  principal  foci,  an- 
terior and  posterior;  moreover,  the  two  points  wliere  tin;  two 
HUrfaces  cut  the  optic  axis  are  called  principal  paint*  (imd  ver- 
tical planed  drawn  through  thoae  \toint»  prifieipal  platuti),  flntt,or 
aut«nor.  and  second  or  jjosterior.  Hence  the  cardinal  poinu  of 
such  a  Hiuipliiied  complex  system  are  six  in  number,  namely,  the 
■Ulterior  mid  pofllerior  priticijiiil  foci,  the  anterior  and  posterior 
principal  points,  and  the  anterior  and  postciior  nodal  )x>int&. 
(When  flUcli  a  system  is,  by  removal  of  surfaces  and  iii«diu,  con- 
verted into  the  still  more  simple  system  of  one  surface  separating 
two  media,  the  two  nodal  points  become  coincident  in  one  point, 
namely,  the  centre  of  the  sphere,  and  the  two  principal  points 
become  coincident  in  one  point,  numely,  the  pouit  at  which  the 
optic  axis  cuts  tlic  surface.) 

!u  order  to  effect  such  a  simplification  of  a  complex  optJcftl 
system,  it  is  reijuisite  to  know:  —  (1)  The  refractive  index  o{ 
«ach  medium.  (2)  The  radius  of  curvature  of  each  surface. 
(3)  l*he  distance  along  the  optic  axis  between  the  first  surface 
on  which  the  rays  fall  and  the  succeeding  surfacea.  These  can 
be  and  have  been  determined  for  the  human  eyd  and  the  follow- 
ing table  gives  the  several  values  usually  adopted  with  some  re- 
cent ciirreotions,  the  hitter  being  placed  in  brackets. 

Refractive  index  of  aqueous  or  vitreous  humour  1'3376  (1-3365) 

Mean  retractive  index  of  lens „ „ 1-454S  (1-4871) 

Radius  of  curvature  of  cornea 8  (7-829)  mm. 

"  "  of  anterior  surface  of  lens  10  « 

"  of  posterior    "         "         ...  6  •* 

Distance  from  anterior  surface  of  cornea  toante-  *• 

rior  surface  of  leus .....»..........»..««»..».»  4  (8-6)  " 

Thickness  of  lens „ 4  (S-e) 

By  moans  of  these  measurements  the  optical  system  of  the 
eye  may  be  simplified  into  an  optical  system  of  two  surfacea.  In 
thi.-«  'schematic,  or  diagrammatic,  eye  of  l-isting,'  as  it  is  goner- 
ally  called,  the  two  (ideal)  surfaces,  and  the  |irincip«l  points 
where  these  cut  the  optic  axis  (Fig.  141. p',  /^.  the  two  surfaces 
being  indicated  by  dotted  Hues),  lie  close  together  in  the  front 
part  of  the  aqueous  humour,  and  the  nodal  points.  n\  »*,  lie,  alAO 
close  together,  in  the  back  part  of  the  lens. 

Furtlier,  the  two  princijial  surfaces  lie  so  olo«e  together  that, 
for  practical  purposes,  no  seiioius  ermr  is  introduced,  if  instead 
of  two  such  surfaces  we  assume  the  existence  of  one  surface  lying 
midwsiy  between  the  two.  lu  this  way  wo  arrive  at  tJie  *  I'educed 
diagrammatic  eye,'  or  '  the  ruduccd  eye '  as  it  is  culled,  in  which 
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the  several  suiT&cea  and  mediii  of  the  actual  eye  are  replaced  by 
one  (ideiil)  spherical  surface  (FiP-  Hl»  J*')-  naming  one  nodal 
point,  JV ;  the  two  media  whicli  tlie  surface  separates  arc  sup- 
jiosed  to  be  air  on  the  one  side  and  water  on  tho  other. 

The  several  positions  of  the  cardinal  points  of  this  'reductnl 
eye  *  arc  as  follows : 

The  principal  poifU,  where  the  one  surface  of  the  system  outs 
the  optic  axis,  lies  in  the  aqueous  humour,  2-8448  mm.  oehind  th« 
anterior  surface  of  the  cornea. 

The  woi/a/  point  lies  in  the  back  part  of  the  len«,  -4764  mm. 
in  front  of  the  posterior  surface  of  tlie  lens. 


fia.  111.    DiAoam  or  tiik  ScuMAtic  oa  DuoaAMMAnc  Etc 

Thfs  posterior  principal /oevt  lies  22-647  (22-819)  mm.  behind 
tlie  aulvrior  surface  of  the  cornea,  that  is  to  say,  iiracltcally  lii'* 
on  the  retina. 

The  anterior  principal  foeut  ties  12'8826  mm.  in  front  of  the 
anterior  surface  of  the  cornea. 

The  radiua  of  curvature  of  the  (ideal)  surface  is  5-1248  mm.  j 
(that  of  the  cornea  is  8  mm.  and  of  the  anterior  surface  of  the 
lens  10  mm.). 

^  528.  By  help  of  this  '  reduced  eve '  we  are  enabled  to  tnwa 
out  the  paths  of  rays  of  light  thntugh  the  actual  eye,  and  to  study 
the  formation  of  images  on  the  retina.  When  au  image  of  an  «x* 
temal  object,  such  as  an  arrow  (Fig.  142),  is  formed  in  such  an 
eye,  each  point  of  the  object  is  considered  as  ftending  out  a  pencil 
of  diverging  rays,  which  by  the  syatera  are  made  to  converge 
again  into  the  point  in  the  image  which  con'esponils  to  the  point 
in  the  object.  One  such  [»encil  of  rays  proceeds  from  tho  jioint  at 
the  extreme  tip  of  the  arrow,  another  from  the  extreme  point  at 
the  other  end,  and  otlier  jienciU  from  all  the  [x>intM  between  theiw 
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two.  Each  Huch  pencil  has  for  iL*  core  a  rny  called  the  prineip<^ 
rrty,a,H',ai(mml  which  iiiv arranged,  with  iiicreasine divei^ncy. 
the  olher  rays  of  the  |)eiicil.  such  aa  i,  b',  c,  c'.  When  such  a 
I>en(;il  of  layi*  falls  on  the  refracting  siii'face,  such  aa  the  '  prin- 
cijial  surface "  of  the  vediiced  eye,  the  principal  ray  of  the  peiicjl, 
rt.  heiiig  nomial  to  tliat  surface,  is  not  refrsictcd  at  all,  but  passes 
Ktrai^ht  on  through  the  nodal  point  n,  whilu  the  oUicr  vays  of  the 
pencil,  i,  Ct  undergoing  rufraction  ncoordiug  to  their  respective 
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diveigencies,  are  made  to  converge  together  at  some  [joint  on  the 
path  of  the  principal  ray,  and  thus  form  at  that  spot  the  inmgu 
of  the  point  from  which  the  pencil  proceeded.  The  exact  posi* 
tion  on  the  line  of  the  principal  ray.  at  which  convergence  takes 
place  and  at  which  the  iinaHc  is  formed,  will  depend  on  the  re- 
li«ctjve  power  of  the  optieiil  systt-ni  in  i-clation  to  the  amount  of 
divergence  of  the  pencil ;  the  tx^fntctive  power  of  the  sj'Mtem  re- 
tiiaining  the  same,  it  will  be  nearer  to,  or  farther  from,  tlie  nodkl 

Soint  accoi'ding  as  the  rays  are  less  or  more  divergent;  and  the 
ivei'gence  of  the  rays  remaining  the  same,  it  will  he  nearer  to, 
or  farther  from,  the  nodal  point  according  as  the  refiactive  power 
of  the  syKtem  is  greater  or  less. 

Hence  supposing  the  eyo  to  ho  in  that  condition  in  which  a 
distinct  imago  of  the  ari'ow  is  formed  on  the  retina,  we  can  find 
tho  position  on  the  retina  of  the  image  of  the  extreme  point 
of  tlie  tip  of  the  arrow,  hy  simply  drawing  a  straight  line  from 
that  extreme  point  of  the  airow  A'  through  the  nodal  jioint  n 
of  the  'reduced'  eye.  Such  a  straight  line  represent*  the  path 
of  the  '  principal  ray '  of  tlie  pencil  proceeding  from  the  extreme 
tip  of  the  arrow,  and  when  an  image  is  formed  on  the  retina  the 
other  diverging  nira  of  that  pencil  will  bo  so  i-efracted  as  to 
converge  at  th«j  pomt  r.^  where  that  line  meets  the  retina ;  all 
the  rays  will  form  together  there  the  image  of  thu  extreme  point 
of  the  arrow.  In  a  similar  way  n  stmight  line  drawn  through 
th«  nodal  point  from  the  extreme  jwint  of  the  other  enil  of  tlie 
arrow,  and  continued  until  it  meot^  the  retina  at  i/.  will  give  us 
the  position  of  tlie  image  of  the  other  end  of  the  arrow  ;  and  in 
like  manner  liuex  diuwn  from  other  points  of  the  arrow  through 
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the  ftanifi  nodal  point  will  give  us  the  position  on  tlie  retina  of 
the  images  of  those  other  points.  In  this  way  the  construction 
of  ttiG  ivdiK'etl  oyi-  enables  lis  to  .iKucrUiin  the  position,  mugnitude 
and  fuiituros  of  the  ri'tinal  image  of  uit  object. 

§  529-  A  my  of  light,  tliat  is  l«  say  a  seiiex  of  waves  of 
ether,  falling  upon  a  jioitit  of  the  retina  ntimnlates  certain 
structmuM  in  the  retina  and  gives  rise,  as  we  have  Aaid,  to  vittuol 
iiupnbe.-«  and  -so  to  a  sensation  of  light:  this  we  may  consider 
an  a  visual  sensation  in  its  simplest  form.  When  a  number  of 
different  points  of  the  retina  are  thus  stimulated  at  the  same 
time,  as  when  an  ima^^c  of  an  external  ubjeet  falls  in  pro|x>r 
focus  on  the  retina,  the  total  result  is  a  cuinplex  group  of  visual 
ini|wlK8  and  tlius  a  complex  »en»atiiiii,  by  which  wu  pt-rceive. 
aa  we  say,  Uie  objont;  and  we  freqnenlly  .speak  of  this  complex 
sensation  aa  a  viitual  image  corresponding  to  the  retinal  imag«. 
The  term  is  perhaps  not  a  very  desirable  one,  since  it  seems  to 
imply  an  identity  between  the  former  which  is  a  [isychical 
matter,  and  the  latter  which  is  a  physical  mutter:  whereas,  the 
one  thing  wo  may  be  sure  about  ts  that,  the  psychical  thing, 
though  it  is  a  sign  and  token  of.  Is  wholly  JifTeiviit  from  tho 
physical  thing. 

It  wUI  lie  as  well  perhaps  U)u»  early  to  call  attention  to  the 
fact  that,  as  indeed  U  .shewn  in  Fig.  142,  the  image  on  the  retina 
in  an  inverted  one.  What  is  the  upper  part  of  the  object  in  the 
external  world  is  represented  in  the  lower  part  of  tne  retinal 
image,  what  is  on  the  right-hand  side  of  the  object  is  represented 
on  the  left-hand  side  of  the  image.  In  the  visual  judgment 
which  is  based  upon  the  visual  scnsittion,  the  retinal  image  is,  as 
it  were,  rcinverted  ;  we  lake  the  left-hand  side,  or  the  bottom  of 
the  retinal  image,  a.s  a  token  or  aipn  of  the  right-hand  aide 
or  the  top  of  the  object  seen.  We  snail  return  to  this  matter 
later  on  :  but  in  studying  the  dioptrics  of  the  eye  this  inveniion 
of  the  retinal  image  must  always  no  borne  in  mmd. 
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§  590.  When  an  object  emitting  or  reflecting  Light,  a  lens,'* 
and  a  screen  to  receivo  the  image  of  the  object,  are  ao  arranged 
in  rBfereiicc  to  each  other,  that  the  image  upon  the  screen  is 
Bliiirp  and  distinct,  ihe  rays  of  light  proceeding  from  c»ch  lumi- 
nous point  of  the  objttct  are  brought  into  focus  on  th«  sorvon  in 
a  point  of  the  image  conesponding  to  the  point  of  the  object. 
If  the  object  be  then  removed  farther  away  from  the  leiw,  thu 
tays  proceeding  In  a  pencil  from  each  luminous  point  will  bo 
brought  to  a  focus  at  a  point  in  front  of  the  screen,  and,  suhse- 
quuntly  diverging,  will  fall  upon  the  screen  as  a  circular  patch 
conipiiscd  of  ii  scries  of  circles,  the  so-Culled  tUffutiim  cirelea, 
arniiigiid  concentrically  round  the  principal  ray  of  the  pencil. 
If  tlie  object  be  removed,  not  farther  from,  but  nearer  lo  the  lens, 
the  pencil  of  mys  will  meet  the  .screen  before  they  have  been 
bronght  to  focus  in  a  point,  and  consequently  Kill  in  this  caae 
also  gi\'e  rise  to  diffusion  circles.  When  an  object  is  placed 
before  the  eye,  so  that  the  image  falls  into  exact  focus  on  the 
retina,  and  the  pencils  of  rays  proceeding  from  each  luminous 
point  of  the  object  are  brought  into  focus  in  pointe  on  the  rvliiia, 
the  sensation  called  forth  is  that  of  a  dUtinct  image.  When  on 
the  contrary  the  object  is  too  far  away,  so  that  the  focus  lie?  in 
front  of  the  retina,  or  too  near,  so  that  the  focus  lies  behind  the 
retina,  and  the  pencils  fall  on  the  retina  not  as  poiuts.  but  as 
aystems  of  diffusion  circles,  the  sensation  produced  is  that  of  an 
indistinct  and  blurred  image.  In  order  that  objects  both  near 
lUid  distant  may  be  seen  with  equal  diiitinctnes.4  by  the  same 
dioptric  apparatuH.  the  focal  arrangements  of  the  apparatus  miut 
be  aiscommotiiit^d  or  adjusted  to  the  distance  of  the  object,  either 
by  changing  the  refractive  power  of  the  Iviis,  or  by  alteiiog  tba 
distance  between  the  lens  and  tlie  screen. 

That  t)ie  eye  doe»  pos.se.-<s  such  a  power  of  a^commodatioa  or 
adju.st'inent  is  shewn  by  everj'-day  experience.  If  two  needles  be 
fixed  upright,  some  two  feet  or  so  apart,  into  a  long  piece  of 
wood,  and  the  wood  be  held  before  the  eye.  so  that  t£«  needles 
are  aoarly  in  a  line,  it  will  be  found  that  if  aUentJon  be  dlrect«d 
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to  the  far  needle,  tbe  near  one  appeara  blurred  and  indistinct, 
and  that,  conversely,  when  th«  n«ar  one  iit  distinct,  the  far  one 
appeara  blurred.  By  ati  vffort  of  the  will  we  can  at  pleasure 
make  either  tbu  fiLr  oik;  or  the  near  one  dittiinct;  but  not  both 
at  the  same  time.  When  the  eye  i»  arranged  ho  that  the  far 
needle  appears  diatiitct.  th«  image  of  that  needle  falli*  exactly  on 
the  retina,  and  each  pencil  of  raj's  reflected  from  each  point  of 
the  needle  unites  in  a  point  upon  the  retina ;  but  when  the  far 
needle  is  seen  diatJnctly,  the  focus  of  the  near  needle  lies  behind 
the  retina,  and  each  pencil  from  each  point  of  this  needle  falls 
upon  the  retina  in  a  series*  of  difFutiion  circles;  hence  the  image 
of  the  near  needle  it*  blurred.  Similarly,  when  the  eye  is 
arranged  »o  that  the  near  needle  is  distinct,  tlie  image  of  tliat 
needle  falls  upon  the  retina  in  suet  a  way,  that  each  pencil  of 
raya  from  each  point  of  the  needle  unites  in  a  [mint  on  the  retina, 
while  each  pencil  from  each  point  of  the  far  needle  unites  ut  a 
point  ill  front  of  the  retina,  and  then  diverging  again  falls  on  the 
rt^tina  in  a  series  of  dilTuision  circles,  and  the  far  needle  is  now 
seen  indinMiictly-  If  ihe  near  needle  he  gradually  brought 
neater  and  nearer  to  the  eye,  it  will  be  found  that  greater  and 
greater  effort  is  required  to  see  it  distinctly,  and  at  ia.st  a  point 
18  reached  at  which  no  effort  can  make  the  image  of  the  needle 
appear  anything  hut  blurred.  The  distunco  of  this  point  from 
the  eye  marks  thf  ntar  limit  nf  accommodation  for  near  objects. 
Similarly,  if  llie  ptrr»on  l)e  Khoi-l-aighted,  the  far  needle  may  be 
moved  away  from  the  eye.  until  a  jtoint  is  reached  at  which  it 
ceases  to  lie  .'*ecn  distinctly,  and  appeai-s  blurred ;  Uie/ar  limit  of 
affommodatian  is  reached.  In  the  one  case,  the  eye,  with  all  its 
power,  is  unable  to  bring  the  image  of  the  needle  sufhciently  for- 
ward to  fall  on  the  retina:  the  locus  lies  permanently  behind 
the  retina.  In  tlie  other,  the  ere  cannot  bnng  tl)c  image  suffi- 
ciently backward  U)  fall  on  tlie  retina:  the  focius  lies  perma- 
twntly  in  front  of  the  letina.  In  both  rases  the  pencils  of  rays 
from  tlie  needle  strike  the  retina  in  diffusion  circles. 

g  531.  The  same  phenomena  may  he  shewn  with  greater 
nicety  by  what  is  called  Scheiner's  Experiment.  If  two  smooth 
holes  bo  pricked  in  a  card,  at  a  distance  from  each  other  less 
than  the  tliameter  of  the  pupil,  and  the  card  be  held  up,  with  the 
holes  horisuntjd  before  one  eye,  the  other  being  closed,  and  a 
needle  placed  vertically  lie  looked  at  through  the  holes,  the  fol- 
lowing facts  may  be  observed.  When  attention  is  directed  to 
the  needle  itself,  the  image  of  the  needle  appears  single.  When* 
ever  the  gaze  is  directed  to  a  more  distant  object,  so  that  the  eye 
is  no  longer  accommodated  for  the  needle,  the  image  of  lite 
needle  appears  double  and  at  the  same  time  blurred.  It  also 
appMia  double  and  blurred  when  the  eye  is  accommodated  for  a 
distance  nearer  than  that  of  the  needle.  When  only  one  needle 
is  seen,  and  the  eye  therefore  is  properly  accommodated  for  the 
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at  an  iiilinitc  distance.  The  '  range  of  tlUtinct  vision '  therefora 
for  the  emnietroiiio  nye  is  very  gieat.  In  tJie  myopic,  orsbott 
sighted  «ye,  the  near  limit  is  brought  much  closer  (5  or  6  cm.) 
to  the  comea ;  and  the  far  limit  is  at  a  variablt!  hut  not  vcn- 
great  distance,  so  that  the  ravs  of  light  proceeding  from  uii 
object  not  many  feet  away  arc  fcrought  to  a  focus  in  the  vitreous 
fauniour  instL-(Ki  of  on  the  rotiua.  The  range  of  distinct  vision  is 
therefore  in  the  myoiiio  eye  very  limited.  In  the  hj/permetrtntie, 
or  long-itiglilecl  eye,  the  rays  of  light  coming  from  oven  an  infi- 
nite distance  are,  in  the  passive  state  of  the  eye,  brought  to  s 
focus  beyond  the  retina.  The  near  limit  of  aeeommooatioii  is 
at  some  distance  off,  and  a  far  limit  of  accommodation  does  not 
exiHt'.  The  pretbyopic  eye.  or  eye  of  advanced  yeare.  resembles 
the  hypermetropic  eye  in  the  near  point  of  accommodation  being 
at  some  distance,  hut  diJTers  from  it  inii«mwch  as  the  former  is 
an  essentially  defective  power  of  accommodation,  whercAs  in  tbe 
latter  tlie  power  of  aooominodation  may  he  good  and  yet,  from 
the  internal  arrangements  of  the  eye,  ne  unable  to  bring  the 
image  of  a  near  object  on  to  the  retina.  When  an  eye  becomeas 
presbyopic,  the  far  limit  may  remain  the  same,  but  sinoe  tbe 
power  of  accommodating  for  near  ohjccta  is  weakened  or  lost, 
the  change  is  distinctly  a  reduction  of  the  range  of  distinct 
vision.  When  notif[ort  of  aeeommodatiun  is  made,  the  piinoi- 
pal  posterior  focus  of  the  eye  lies  in  the  nonital,  emmetro|iic  eye 
on  the  retina,  in  the  myopic  eye  in  front  of  it,  and  in  the  hyper- 
metrojtii:  eye  Iiehind  it. 

§  633.  Ity  what  changes  in  the  eye  are  we  thus  able,  within 
the  above  mentioned  limitations,  to  see  distinctly  objecta  at  differ- 
ent distances?  In  directing  our  attention  from  a  far  to  a  very 
near  object  viv  arc  cunsciomi  of  a  distinct  effort,  and  feel  that 
Bome  change  has  taken  place  in  the  eye;  wlien  we  tuni  from  a 
Tery  near  to  a  far  object,  if  we  are  conscious  of  any  change  in 
the  eye,  it  is  one  of  a  differant  kind.  11ie  former  is  the  sense 
of  an  active  exertion ;  the  latter,  when  it  is  felt,  ts  the  sense  of 
relaxation  after  exertion. 

Since  the  far  limit  of  an  emmetropic  eye  is  at  an  infinite 
distance,  no  such  thing  us  active  accommodation  for  far  distances 
need  exist.  The'ouly  chinige  which  need  tnke  place  in  the  eye 
in  turning  from  near  to  far  objects  will  be  a  mere  pa«sive  undoing 
of  the  accommodation  previously  made  for  the  near  object.  And 
that  no  such  active  accommodation  for  far  dUtances  takee  |^ace 
is  shewn  by  the  following  facts ;  tlie  eye,  when  opened  after 
being  closet)  for  some  time,  is  found  adjusted  not  for  moderately 
distant  hut  for  far  distant  objects;  we  are  conscious  of  no  effort 
in  turning  from  moderately  distant  to  far  distant  object*;  and 
when  tlie  power  of  the  eye  to  accommodate  is  impaiitd  or 
abolished,  a.-<  we  Hhal)  see  it  may  be.  by  atropin  or  nervous  di*- 
Mse,  tbe  vision  of  distant  objects  may  be  unanect«d.    The  sdDse 
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ai  effort  often  spoken  of  b;  myopic  persons  as  being  felt  when 
they  Attempt  to  see  things  at  or  oeyond  the  far  limit  of  their 
range  seums  to  urisv  from  a  movomout  of  the  eyelids,  iiud  not 
(nim  nay  int«rtinl  choiigvii  takiii]^  pluve  in  the  aye. 

What  then  are  iht;  changt*:)  which  take  place  in  the  eyCt 
u'heii  we  acoommodate  for  near  objects?  It  might  be  thought, 
and  indeed  onoe  waH  tliought,  that  the  curvature  of  the  cornea 
was  changed,  becoming  more  convex,  with  a  shorter  radiu8  of 
curvature,  for  near  object*.  This  is  disproved  by  the  fact  that 
accommodation  tiiki^s  phicc  ils  usual  when  the  eye  (and  hcatl) 
is  immi^fscd  in  water.  Sinou  tlie  rufrnetive  powers  of  aqueous 
litimour  and  water  are  vt-ry  nearly  aHke.  tlie  cornea,  with  it« 

Iiarallel  .lurfaceR,  placed  between  ihe^e  two  lluids,  ean  have 
ittle  or  no  effect  on  the  direction  nf  the  rays  passine  thrniigh 
it  when  the  eye  is  immeroed  in  water.  Moreover  we  bave  it  in 
our  power  to  detect  any  chan^  in  the  curvature  of  tbe  cornea 
whiiHi  may  take  place.  If  a  luminous  body  sucb  as  a  candle  be 
held  in  front  of  n  convex  surface  like  the  cornea  an  image  of 
tbe  body  is  seen  reflected  from  the  Kurfam* ;  and,  witb  the  uody 
at  a  certain  distance,  the  image  will  be  of  a  certain  size.  If 
now  the  curvntore  of  the  surface  be  increased,  if  the  surface  lie 
made  more  convex,  the  image  nill  diminish  in  size ;  if  the 
curvature  of  the  surface  be  dimiaish&d  the  image  will  increase 
in  fliie.  Indeed  by  measurinc  (;arefully  the  changes  in  the  size 
of  the  image,  we  may  determme  the  amount  of  change  in  the 
curvaturu  of  the  surface.  And  accurate  measurement  of  the 
(Umensionii  of  an  imago  on  the  cornea  have  shown  tbat  thvsi; 
undergo  no  change  during  aceominodatton,  and  that  iherofore 
the  curvature  of  the  cornea  is  not  altered.  Nor  is  tliere  any 
change  in  the  form  of  tho  bulb;  for  any  variation  in  this  would 
neoeasarily  produce  an  alteration  in  the  curvature  of  the  coiTiea, 
and  pressure  on  the  bulb  would  act  injuriously  by  rendering  the 
retina  aniemic  and  bo  less  sensitive.  In  fact,  there  arc  only  two 
changes  of  importance  which  can  be  ascertained  to  take  place  in 
the  eye  during  accommodation  for  near  objectit. 

One  is  tlutt  the  pupil  contracts.  When  we  look  at  near 
objects,  tlie  pupil  becomes  small ;  when  we  turn  to  distant 
obiectH,  it  dilates.  This  however  cannot  have  more  than  an 
indirect  influence  on  the  formation  nf  the  image:  the  chief  use 
of  the  contraction  of  the  pupil  in  accommodation  for  near 
objects  is  to  cut  off  the  more  divergent  circumferential  ra^Tj 
of  h'ght^ 

Tlw  other  and  really  efficient  change  is  that  the  anterior 
Burfaoo  of  the  lens  becomes  more  convex.  If  a  light  be  held 
before  the  eye,  tbice  reflected  images  may,  with  care  and  under 
proper  precautionti,  be  seen  by  a  bystander:  one  (Fig- 144  A,  a) 
a  very  bright  one  camied  by  the  anterior  surface  of  the  corn^'a, 
a  second  less  bright,  b,  by  ttte  anterior  surface  of  the  lena,  and  a 
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third  very  dim,  e,  by  tlie  poHtcrior  Hurfuce  of  thv  lenx ;  when  thu 
images  urt'  those  of  uii  object,  »iich  a^  the  flame  of  a  civndle,  in 
which  u  top  am\  bottom  can  be  recof(nized,  the  two  former  inugua 
siw  seuii  lo  be  erfct,  but  the  Ihiid  inverted.  When  the  eye  i» 
uuuommodnled  for  near  objects,  no  change  is  observed  in  the 
flrttt,  and  none,  or  a  very  insigniflcant  one,  in  the  third  of  these 
im^es;  hut  the  second,  tliat  from  th«  atit«rior  surface  of  the 
lens,  is  seen  to  l>ecome  distinctly  snmllcr,  showing  that  the  sur- 
face has  become  morv  convex.  When,  on  the  eontniry,  visioii 
is  directed  from  nuur  lo  far  objectts  the  image  from  the  anl«rior 

aba  abo  ab«  H^H 

FlO.  144.     Di«Qs«ti  or  Tmaobs  RBPLRCTsn  mOM  thr  Et«.  ^^^B 

In  A  UW  MTii  tJic  ilifce  imn^-ii  ol  a  niindb  tgActIkc]  (torn  a,  Ui«  uiterifn'      | 
mirfHC«  of  tb«  I'OTiitn,  h,  the  anU-'rlnr  suvtace  o[  thn  Icno,  and  f  tho  pmrtoriur 
■urfdci!  of  i\\e  IviiH.    ii  Ik  bright  itnil  ervci,  b  slao  nvct.  Is  Urxfr  but  In*  br^ht, 
e  inrerttd  In  niaM  ami  iIiiil 

I)  ihcwi  the  imarcii.  two  Kciuurw,  aa  mMin  in  tbo  ptwluwiiiiio  when  the  «jw 
Is  dlracMd  to  A  (or  object.  C  the  name  wlirn  l.lic  eye  In  accommodauid  (or  * 
oear  objMt.  Tlie  pair  &  nrc  tii  0,  Hinallcr  aiitt  doner  tfis^hvT  than  In  &,ili«winf 
«n  incr«aM  ol  ourraiore. 

surface  of  the  lens  grovrs  larger,  iiidicatiiig  thnt  tJie  coovexity  ^ 
of  the  surface  hnit  dimini.sbed,  while  no  cimiigo  tl^ccs  pliice  Id 
the  image  from  the  cornea,  and  none,  or  hardly  any,  in  that 
from  the  ponterior  surface  of  the  lens.  And  accurate  mensure- 
ments  of  the  size  of  tho  imstge  from  the  anterior  aurfaee  of  the 
lens  have  shewn  that  the  dunces  in  curvatui-e  which  do  take 
place  are  considerable:  the  radius  of  cur\'ature  of  the  lens 
accommodated  for  near  objects  is  ti  mm.,  for  far  ohjectx  10  mm. ; 
and  this  difTereiico  is  sufficient  to  account  for  the  power  of 
accommodation  which  the  eye  possesses. 

The  obnt^rvutinn  of  these  rcflr^cted  iiD3g«s  is  facilitnteit  Iw  th* 
simple  instniinirnt  introduovd  by  tlolmholtz  and  c.-itled  a  FhakoKiiopA. 
It  cunoists  of  a  sninll  dark  chiiiiibcr.  with  apE'rtures  for  the  observed 
and  observing  eyes ;  a  nccdli:  is  fixed  at  a  short  diatance  in  front  of 
the  former,  to  sorvv  as  a  near  object,  for  which  secomiDodation  ha«  to 
be  mad«;  and  a  lamp  or  candle  is  so  disposed  as  to  throw  :iu  inuge 
ODcach  of  the  throe  Nurfaccs  nf  the  observed  eye.  Since  a  oliarigv 
in  the  distance  bctvveiMi  two  images  is  more  readily  appreeiatod  th^ 
18  a  simple  change  of  size  of  a  single  image,  two  piisms  are  emplovf^ 
w  as  to  throv  a  doable  linage  in  the  form  of  bright  squares  on  eadi 
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of  the  three  surfaces,  Fig.  144  B,  C.  When  the  anterior  surface  of 
the  lens  becomes  more  convex  the  two  images  reflected  from  that 
surface  approach  each  other,  G,  when  it  becomes  less  couvex  they 
retire  from  each  other,  B. 

These  observations  leave  no  doubt  that  the  essential  change 
bj  which  accommodation  is  effected,  is  an  alteration  of  the  con- 
vexity of  the  anterior  surface  of  the  lens.  And  that  the  lens  is 
the  agent  of  accommodation,  is  further  shewn  by  the  fact  that 
after  removal  of  the  lens,  as  in  tbe  operation  for  cataract,  the 
power  of  accommodation  is  lost.  In  the  cases  which  have  been 
recorded,  where  eyes  from  which  tbe  lens  had  been  removed 
seemed  still  to  possess  some  accommodation,  we  must  suppose 
that  no  real  accommodation  took  place,  but  that  the  pupil  con- 
tracted when  a  near  object  was  looked  at,  and  so  assisted  in 
making  vision  more  distinct 


SEC.   3.     THE   MECHANISM    OF    ACCOMMODATION    AND 
THE  MOVEMJilNTS  OF  THE   PUPIL. 


§  534.  How  is  this  increase  in  tlie  ciirv»tui-e  of  tlie  ante- 
rior itiirface  of  the  lena  during  accommodation  for  near  objects 
bionght  about? 

It  hiL8  been  supposed  to  be  due  to  a  compression  of  the  cir- 
cumference of  the  lens  by  a  contraction  of  tlic  sphincter  muscle 
of  tliu  iris,  which,  as  wc  shall  sec.  is  the  cause  ot  the  narroH-ing 
of  the  pupil  atteiiiiant  upon  aocommodatioa  for  near  objects; 
but  thi.-*  is  disproved  by  the  fnct  that  normal  accomtDooatioa 
may  take  place  in  eye»  ffom  which  the  iria  18  congenilally  absviit 
or  ha»  been  wholly  removed  by  operation.  It  ban  al.-<o  licvn 
attributed  to  vaso-motor  changea,  to  increased  fulness  of  ihi; 
vesseU  of  the  iris  or  ciliary  processes,  surrounding  and  pressing 
upon  the  Ions ;  but  this  ahio  is  disproved,  not  only  by  the  fact 
just  mentioned  but  as  well  l)y  tbe  fact  that  accommodation  may 
be  effected,  after  death,  in  an  eye  which  i^  practically  bloodless, 
by  stiinuiatiiij'  the  ciliary  ganglion  or  short  ciliary  nerves  with 
ail  interrupted  current  or  by  other  means ;  a.s  we  aball  see,  tbesv 
nerves  govern  the  accommodation  mechanism.  The  real  nature 
of  the  mechanism  seems  to  be  as  follows  : 

The  lens  is  a  body  of  considerable  elastic!^.  When  tlie 
curvature  of  the  anterior  surface  of  the  lens  is  detennined,  as 
may  be  done  by  appropriate  means  (by  moasurcmentH  of  images 
seen  by  reflection  from  it),  in  itti  natural  position  in  tbv  eye  at 
rest,  and  then  again  determined,  after  the  lens  has  Iwcn  removed 
from  the  eye,  Uie  anterior  mirfat^e  U  found  to  be  more  convex  in 
the  latter  tJian  in  the  former  case.  There  seema  to  be  in  t)i« 
eye  in  its  natural  condition  at  rest  some  agency  at  work,  keep- 
ing the  anterior  surface  of  the  lens  somewhat  flattened.  All 
that  is  needed  m  some  means  of  counteracting  this  agency,  aiid 
thereby  allowing  tbe  lens  through  itu  elasticity  to  assume  it» 
natural  form.  And  tbe  arrangementa  of  the  suapen»ory  liga- 
ment deacrit>ed  in  a  previous  section  afford  an  explanation  of 
what  is  the  agency  in  question,  and  how  it  is  counteracted. 

The  cavity  of  the  eyeball  behind  the  suspensory  ligament  ia 
fdlcd  with  the  vitreous  humour.     If  this  is  sufficiently  abundant 
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it  will  distend  the  cavity  and  render  the  suspensorr  li^ment 
tense.  But  since  the  suspensory  ligament  pafises  obliquely  for- 
irards,  nil  round,  from  the  ciliary  proocMM  to  the  front  of  the 
tens,  tension  of  the  liir[imi.*nt  will  tend  toflattvn  tbc  lens,  altering 
its  shftjK;  but  not  its  Iiiilk. 

The  choroid,  of  which  the  ciliary  procestiei)  form  the  forward 
continuation,  i»  loosely  attached  to  tne  «clerotic  along  thv  lino 
of  the  lamina  fusca  and  supraohoroideal  membrane :  the  one  can 
to  a  certain  extent  be  slipped  backn-anls  and  forwards  beneath 
the  other. 


i*a. 
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TtO.   lis.    DUOBAM    or  THC    CILIJinT    MUKUC    *B   HeKK   IK    A    VIKTICAL   RU>Ub 

•ccTioa  or  rn*  (riLitar  hkciox. 

£.<f.  epllbellnmof  UuicoDjunctlra.  il.o' il^rmisof  thecooluuctlva.  AnI.  Sol»> 
ToUc.  qt.ei.  iiup4acboKiiiliil  Inyvr.  CK.  CLuruitL  p.e.  |iani  aili&ris  n-tiiLU  Uid 
pignenl  e|)iihrliuui  repnwBii.il  •■  one  layer.  C.P.  Clliiiry  proociucii.  I.  Iri*. 
agJt.  anterior  chamber.  K.p.  ligUMOUam  poctinntuiu.  e.S.  conoJ  ol  Snhlnmm, 
aud  z  tlaiuo  u>  ln*ldc  of  It. 

I. cm.  iouyiUidiiDkl,  Bud  C~e.m.  circular  ciliary  niuiiole.  y  bundle*  at  the  iMigi- 
ladiool  muKle  cut  aorow  aa  the;  an  taking  a  ouculor  diiMtian. 

The  (longitadinal)  ciliary  muscle  (Fig.  145)  is  attached  on 
the  one  hand  to  the  junction  of  the  KcletotJe  and  cornea,  and  on  tlie 
other  hand  to  the  front  part  of  the  choroid.  If  we  suppose  the 
former  to  be  a  tixed  imint.  the  contmction  of  the  muscle  would 
pull  t\w  moveable  choroid  and  ciliary  procesaes  somewhat  for- 
ward. But  the  pulling  forwani  of  those  structures  would  slacken 
the  euHuennory  lignment  bj*  bringing  its  ciliary  attachment  more 
forward.  And  a  slackening  of  the  suspensory  ligament  by  reliev- 
ing the  pressure  on  the  elastic  lens  would  allow  the  front  surface 
to  become  more  convex.  This  is  ahewn  di^rammatioally  in 
Pig.  146.  one-half  of  which,  the  left  half,  is  intended  to  repre- 
aent  the  eye  diroct«d  towards  distant  objects,  whUe  the  other 
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balf  represents  Uie  cbAoge  taking  place  during  acconunodatioQ 
for  n  ;icnrcr  objuut. 

§  935.     It  utemn  jKtssible  tlien  that  nccommodfttion  for  m«r 
objeo.ti<  may  be  brought  about  bv  a  contraction  of  tJie  (longi- 
tudinal)  cifiaiy  miiRcle  dragging  forwards  the  choroid  and  oiliai*] 
processes,  thus  slackening  the  suapeusory  ligament,  and  so  per 
mitting  the  compreased  elaatic   lens  to  bulge  forward.     Ai 
expcrimuutal  ovidoiicu  shcwD  that  this  is  what  doos  take 
The  ciliary  inuecle  is  governed,  lut  we  Khali  sec  presontly,  By  i 
ciliary  anTves.     If  in  a  living  animal  (dog)  or  m  an  eye  i[n[n»^ 
diateiy  aft«r  removal  fi-om  the  body,  an  opening  be  tnade  iti  the 
sclerotic  in  order  to  watch  the  choroid,  it  may  be  seen  that  wlirn 
the  ciliary  nerves  are  stimulated  the  choi-oid  does  move  forward 
at  tho  same  time  that  the  front  surface  of  tho  Icus  becomes  more 
convex :  a  needle,  the  point  of  which  is  carefully  lodged  in  the 
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Pi«.  146.   DiAOKitH  TO  iLLDBTHATK  AccoxMODjinas.    (AfKr  ndinhaltE.} 

C.i'.  CIliM7  pittCMa.  /■  trU.  j^.t.  fiusp^iiMiT  ll^Mnent.  ^r-m.  lon^tndl- 
Dkl  ciliary  muacl«.    c.cm.  «irctilar  ciliary  uu8el«.     O.8.  canal  of  Schlemm. 

TliB  left  lialf  rejircHMiW  Ihe  nrrarigumcnt  for  viuwio^  far  object*  ukI  Um 
right  btilE  that  for  viewing  near  objects. 


choroid,  moves  in  such  a  way  as  to  shew  that  the  choroid  moves 
forward,  though  no  appreciable  movement  can  be  sevu  in  a  oeedle 
tliruMt  into  the  front  part  of  the  ciliary  muscle  it«elf-  If  tho  cor- 
nea be  cut  away  so  as  to  leave  only  at  one  place  a  amall  fragment 
etill  counected  to  the  junction  of  the  Rclerotio  and  cornea,  tliis 
piece  moves  backward  when  the  ciliary  iier^'es  are  stimulated, 
shewing  that  the  ciliary  muscle  does  pull  on  the  point  of  junc- 
tion of  the  sclerotic  with  the  cornea.  When,  howcrer,  the  cor- 
nea is  intact,  or  even  when  a  sufficiently  large  part  of  it  is  left, 
the  junction  becomcK  a  lixcd  point,  at  least  relatively  to  tho 
moveable  choroid.  Moreover  not  only  the  contraction  of  iImi 
ciliary  muscle  and  n>ovement  of  the  choroid,  but  the  actual 
sluckctiiug  of  the  8Usi>eusory  ligament  and  change  in  ihe  ourv^ 
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ture  of  the  leng  may  be  observed  t4>  follow  upon  stiniulation  of 
the  ciliary  nerves.  We  may  <:on<:lude,  therefore,  that  the  pos- 
Hible  explanation  given  above  is  tJie  actual  one. 

One  or  two  additional  points  are  worth  ntentionine.  Durinjr 
accomtnodntion  for  near  objeuts  the  pupil  is  Tiurrowcd;  wo  shall 
speak  of  this  preisviitly.  A  narrowing  of  tbu  |iu|>il  moans  that 
tho  edge  tviui  inner  part  of  the  iris  moves  over  tlie  front  .-snrfacv 
of  the  lens  toward  the  centre  of  the  pupil.  In  U^cominj;;  more 
convex,  t)ie  front  surface  of  the  lens,  especially  the  central  por- 
tjon,  projects  further  forward  into  the  anleiior  chamber,  and  in 
so  doing  carries  nnth  it  the  pupillary  edge  and  inner  part  of  the 
iris ;  for  the  iria  lies  close  upon  and  indeed  in  contact  with  the 
anterior  surface  of  the  lens.  And  when  the  eye  is  carefully 
watched  sideways  this  projection  forwards  uf  the  pupillary 
margin  of  tlie  iris  may  be  observed.  While  the  edge  of  the 
pupil  thus  moves  forward,  «nd  Uie  body  of  the  iris  increases  in 
a  radial  direction,  becoming  correspondingly  thinner  (of.  Fig. 
146),  the  circumferential  edge  of  the  iris  is  carried  slightly 
backwards,  owing  to  the  giving  way  to  a  certain  extent  of  the 
elastic  ligamcntum  pectinutum  on  which  the  ciliary  muscle  pulls; 
and  thus  adiUtionai  space  ttt  afforded  in  the  anterior  chamber 
for  the  aqueous  humour  driveu  Uiiide  by  the  projecUoii  of  the 
anterior  surface  of  the  lens. 

'Ilie  action  of  the  circular,  equatorial  fibres  of  the  ciliary 
muscle  (Kig.  14A)  and  of  the  fUnea  intermediate  l>etwe«n  these 
and  tlie  longitudinal  meridional  fibres,  is  not  (luite  so  clear. 
We  may,  however,  suppose  that  the  circular  fibres  acting  in  con- 
cert with  the  longitudinal  fibres  would  bring  the  ciliary  processes 
nearer  to  Uio  lens,  and  so  assist  in  slackening  the  suspensory 
ligament.  But  no  wry  decisive  explanation  tiOM  been  given 
wiiy  Uie  circular  fibres  are  often  lately  developed  in  some  eyes, 
it  is  said  hy[)ermetropic  or  longsighted  eyc«,  and  acantily 
present  in  others,  myopic  or  short-sighted  eyes.  And  indeed 
there  are  several  points  in  the  whole  action  of  accommodation 
which  still  require  to  be  cleared  up. 

Aeoommouation  is  in  a  certain  sense  a  voluntary  act:  wecmn 
by  looking  at  near  or  far  objvctit  bring  about  the  change  when- 
ever we  please.  Since,  however,  the  vliange  in  the  lens  is  always 
accompunied  by  movemenljt  in  the  iris,  it  will  be  convenient  to 
consider  tlie  latter  before  we  speak  of  the  nervous  mechanism  of 
the  former. 

T/it   Ckan^et  m  tlu  Pupil. 

(  936.  Although  by  Ii>oIcing  at  near  or  far  objects,  and  ao 
voluntarily  bringing  about  changes  in  the  accommodation 
mechanism,  we  can  call  forth  the  accompanying  changes  in  the 
iris,  and  can  thiix  at  pleasure  produce  a  constriction,  narrowing, 
«  a  dilation,  widening,  of  the  pupil ;  it  is  not  in  our  power  to 
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bring  the  will  to  net  directly  on  the  iris  by  itself-  This  fnct 
alone  inilicatvs  tbat  the  nervous  meohanism  of  the  pupil  is  of  a 
special  cbaracter,  and  auch  indeed  we  Itnd  it  to  be. 

The  pupil  is  eonttricttd,  contracted,  narrowed,  (1)  when  the 
retina  (or  optic  nerve)  is  stimulated,  ns  when  light  falls  on  the 
retina,  the  bright«r  tlie  light  the  greiiter  being  the  eonlraction; 
(2)  when  we  accommmUtc  fur  near  objeL-ls.  The  pnpU  is  also 
constricted  when  tlie  eyelwll  i.s  turned  inwards,  u-hen  the  lujueons 
humour  i»  deficient,  in  the  early  stages  of  jjoisoning  bycbloro- 
form,  alcohol,  and  similar  Hubstances  in  nearly  all  stages  of 
poisoning  by  moqjhia,  physostigmin.  and  some  other  drugs,  in 
the  early  part  of  the  day,  in  deep  slumber,  in  the  epileptic 
seizure,  and  in  ceriaiu  nervous  diseases.  The  pupil  is  dilated, 
mdened,  (1)  when  stimulation  of  thu  retina  (or  optic  nerve)  is 
diminished  or  arrested,  as  iu  [mssiiig  from  a  biiglit  into  a  dim 
light  or  into  darkness,  (2)  when  the  eye  »»  adjiisled  for  far 
objects.  Dilation  .iI.so  occurs  when  there  is  an  excels  of  aqucoux 
humour  distending  the  anterior  cbamber,  during  d\"spn(ea,  dur- 
ing violent  muscular  efforts,  as  the  result  of  stimulation  of  sen- 
sory nerves,  as  an  effect  of  emotions,  as  an  effect  of  fatigue,  io 
the  later  stages  of  poisoning  by  chloroform,  alcohol  and  similar 
substances,  in  all  stjtgcs  of  poisoning  by  atropiu  and  some  other 
drugs,  and  iu  certain  nervous  diseitses. 

§  537.  We  may  say  at  once  that  we  are  able  to  recognize 
two  separate  nervous  mechanisms  regulating  these  changft8  ill  the 
pupil.  One  of  the-ie  regulates  the  size  of  the  pupil  according 
to  the  amount  of  light  falling  upon  the  retina,  and  is  by  far 
the  more  important  of  the  two ;  thi-ougb  the  other,  the  size  of 
the  pupil  is  modified  by  other  influences.  We  will  consider  the 
former  mechanism  first.  During  the  action  of  this,  constriction 
of  the  pupil  Lh  undoubtedly  caused  by  contraction  of  the  circu- 
larly disposed  muscular  tibres  which  form  within  the  ir\»  the 
sphincter  muscle-  The  more  or  lest*  spongy  l>odv  of  the  iris 
being  extensible,  the  shortening  of  the  fibres  an3  bundles  of 
fibres  of  the  sphincter  must  necessarily  narrow  the  ring  of  the 
pupil  of  which  the  sphincter  forms  the  almost  immediate  margin. 
Converocly,  the  botty  of  the  iris  being  elastic  as  well  ns  exten- 
aiMc  a  relaxation  of  the  muscular  fibres  of  tJic  sphincter, 
assisted  by  the  return  to  their  natural  position  of  structures 
displaced  ny  the  oonti-action,  will  lead  to  a  widening  of  the  pupil. 
We  may  in  respect  to  this  mechanism  at  all  events  consider  ttic 
constricted  pupil  as  the  result  of  a  contraction  of  the  sphincter 
muscle,  and  the  tiilnted  pupil  as  the  result  of  a  diminution  of 
that  contraction.  Whether  a  dilated  pu[Ml  is  always  a  mere 
negative  result,  due  to  a  lessening  of  the  activity  of  the  sphinc- 
ter, or  whether  in  certain  cases  an  active  dilator  muscle  is 
brought  intf)  play  we  will  discuss  later  on  in  conitectJoa  with 
tbe  other  mechanism. 
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§  938.  l{«rore  proceeding  it  will  be  desirable  to  reoalL  tn 
mind  tlie  nervous  8upply  of  the  ejeball,  omitting  (or  the  prect> 
ent  the  nerves  governing  tbe  six  ocular  muscles  which  move 
the  eyebnll  as  a  u-holu. 

The  eyeball  is  supplied,  in  tbe  first  place^  by  the  short  cili&ry 
nerves  (I'ig- 147  (.c.)  coming  from  tbe  ophtbalniic  or  lenticular, 
or  ciliaty  ganglion  (/«)  wnioh  i»  connected  by  means  of  ibi 
three  roots,  (1^  through  the  80H^lled  'short  root"  with  the 
third  nerve  (f-o."),  (2)  with  the  cavernous  sympathetic  plexus 
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fvi.  III.    DlAflBAmiATtr  RRrilKDKrrATIOKflVnnNlkVMIIMVKIUUQnn!  TWO.. 

IJ.  <>i>tic  urrvf.  Lg.  eiliiry  RanKliou.  rft.  fU  ahon  root  from  ///  new., 
third  or  ocutiKinntor  nerve,  (^m.  it*  uTiiipulictie  root.  r.L  it*  long  root  from  V. 
ipluhm.  tha  nnwtl  limncb  ol  the  o|>liibikliitlc  dlvUkm  of  Ibe  flfUi  nerrr.  «.e.  tha 
Bliott  cilUry  nerves  from  lli«  Iriitioulsf  KSJUliou.  I.e.  Uw  )unf  clUuy  nerre* 
from  tbe  murni  bnuivh  of  the  ophllialmio  ilirition  of  Uii>  (Utli  nerve. 

and  BO,  along  the  internal  carotid  arten,-.  with  the  cervical  sym* 
pathetic  nerve  (nynt.).  and  (3)  thrimph  the  so-called  'long  root' 
with  the  nasal  bmueh  of  the  oplitbulinic  division  of  tlw  fifth 
Bcrvo  (r./.).  Besides  the  short  ciUaiy  nerves,  the  eyeball  itt 
supplied  by  the  long  ciliary  nerves  ('•(-.)  coming  direct  from 
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the  nasal  bmimli  uf  tho  ophtliulmic  divuion  of  th«  fifth  nerve. 
The  short  ciliary  nerves,  which  are  the  most  nutnoroiu,  pierce 
the  sclerotic  at  the  hind  part  of  the  eyeball  and  are  distributed 
oil  the  one  hand  to  the  blood  ves»eU  of  the  choroid,  niliary  pn>> 
cesst^st  and  iris,  and  on  the  other  hand  to  tlie  ciliary  muscle  and 
to  the  sphincter  of  the  pupil.  The  less  uumerous  long  ciliary 
nervea,  piercing  the  aclorotic  somewhat  nearer  the  front  of  the 
eve,  are  di-strihuted  to  the  mUHclets  of  the  iris,  and  probably  to 
tne  ciliary  muscle. 

The  third  or  oculo-molor  nerve  we  may  trace  back  to  its 
nucleus  in  the  floor  of  the  aqueduct;  the  aynipathetic  root  wc 
may  trace  back  along  the  cervical  syrapatlietic  to  the  spinal 
oonnectiona  of  that  nerve,  on  which  we  have  so  often  dwell ; 
tlie  remarkable  ophthalmic  division  of  the  fifth  nerve  we  may 
trace  back  to  the  nucleus  of  the  fifth  nerve ;  this  nerve  is  exceecl- 
ingly  complex,  and  indeed  wu  have  reason  to  coDtuder  its 
oimthalmic  division  ns  an  indepoudent  nerve,  which  iu  the 
course  of  evolution  has  become  annexed  to  other  nerves  to 
form  what  we  call  'the  fifth  '  nerve. 

§  539.  We  may  now  make  the  broad  statement,  qualifica- 
tions of  which  we  will  consider  later  on,  that  constriction  of  the 
pupil,  brought  about  by  light  falling  on  the  retina,  is  a  reflex 
act,  of  which  the  optic  is  tlic  afferent  nerve,  the  third  or  oculo- 
motor the  efferent  nerve,  and  the  centre  some  portion  of  tho 
brain  lying  in  the  front  [jarl  of  the  floor  of  the  aqueduct  »t  the 
level  of  the  anterior  coi-nora  quadiigentina.  This  is  shewn  by 
the  following  facts.  Wlien  the  optic  nerve  is  divide^l,  light 
foiling  on  the  retina  of  that  eye  no  longer  causes  a  constriction 
of  the  pupil :  we  are  supposing  that  me  observations  are  con- 
fined to  one  eye.  When  tlic  third  nerve  is  divided,  stimulatioQ 
of  the  retina  or  of  the  optic  nerve  no  longer  causes  constriction: 
but  direct  stiniuliitimi  of  the  jtenphcral  portion  of  the  divided 
third  nerve  caiwes  constriction  of  the  pupil  which  may  be  ex- 
treme. If  the  region  of  the  brain  spoken  of  above  as  the  centre 
be  carefully  stimulated,  constriction  of  the  pupil  will  take  plac« 
even  when  no  light  falls  on  the  retina  or  alter  the  optic  nerve 
has  been  divided.  After  ilejstruetion  of  the  same  region  stimu- 
lation of  the  retina  is  ineffectual  iu  narrowing  the  pupil.  But 
if  the  centre  luul  it-s  connectinns  with  the  oplie  nerve  and  third 
nerve  bo  left  intact  and  in  thoroughly  sound  coniUtion.  con- 
striction of  the  pupil  will  occur  as  a  result  of  light  falling  on 
the  retina,  though  all  other  parts  of  the  brain  be  removed. 

It  might  be  imagined  tliat  this  cerebral  centre  acted  as  ft 
tonic  centre,  whose  action  was  simply  increased,  not  originated, 
by  the  stimulation  of  the  rotina;  but  this  is  disproved  by  the 
fact  that  if  (still  dealing  with  one  eye)  the  optic  nerve  be 
divided  subsequent  section  of  the  third  norvo  produces  no  far- 
ther dilation. 
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When  the  rootlets  of  the  third  nerve  are  separatelv  divided 
a»  they  leave  the  hvain,  it  is  found  that  section  of  those  {)laced 
more  anteriorly  interferes  with  accommoilation  and  consti-ietion 
of  the  pupil,  while  section  of  the  binder  ones  nfTdcts  the  ocular 
muscles.  M<irvovi;r  if  the  hind  part  of  the  lloor  of  the  third 
ventrielv  and  front  part  of  the  lloor  of  the  aqueduet  be  eurcfuU; 
exploited  (in  the  dog)  by  means  of  the  interrupted  current,  the 
following  movements  may  be  observed  in  succession  tis  the  eIeo> 
trodes  are  shifted  from  the  front  back^vards;  first  movement 
of  accommodation,  next  constriction  of  the  pupil,  and  then  con- 
tractions of  the  ocular  muscles.  Now  in  this  region  lies  the 
elonj^tvd  nucleus  of  the  tliird  liervo;  and  it  would  appear  that 
while  the  lihre^  of  the  third  nerve  concerned  in  accommodation 
amc  from  tlie  extreme  front  of  the  nucleus,  those  which  act 
upon  the  pupil  start  from  a  succeeding  part,  the  remaining 
hinder  part  giving  rise  to  the  fibres  which  govern  the  ocular 
muscles.  It  seems  thei-efore  natural  to  regard  the  part  of  the 
nucleus  from  which  the  pupil-constricting  fibres  spring,  as  the 
centre  of  the  reflex  pupil-constricting  mechanism.  »»  the  pupil- 
constrictor  centre. 

There  \a  no  diiheultv  as  to  the  connection  of  the  centre  with 
the  efferent  limb  of  tlie  reflex  chain.  The  pupil-conatrictor 
fibres  yiaa»  from  the  nucleus  to  the  trunk  of  the  ui'u-d  nerve  of 
til"  same  side,  and  so  by  the  short  root  to  the  ciliair  ganglion 
(Fig.  147  r.6.),  whence  they  reach  the  pupil  hy  the  snort  ciliary 
nerves ;  section  of  the  short  ciliary  nerve*  breaks  the  reflex  chain 
of  which  wc  arc  speaking,  and  stimuhitinn  of  them  or  of  their 
peripheral  ends  causes  narrowing  of  the  puptL 

But  considerable  difTieultics  aro  met  with  in  determining  the 
connection  of  the  optic  fibres,  the  aO'erent  limb  of  the  chain, 
with  the  centre.  We  should  perhaps  naturally  sujipose  that  tlie 
afferent  nervous  impulses  which  affected  the  pupil  were  the 
same  as,  or  at  least  took  the  same  course  as  thou*  which  gave 
rise  to  visual  sensations ;  but  visual  sensations  may  be  inters 
fered  with  or  even  abolished,  leaving  the  pupil-constrictor 
mechanism  still  active,  and  on  the  other  hand  Uie  afferent  limb 
of  the  Utter  may  fail,  without  Aiiy  impairment  of  visual  sensa- 
tions. The  afferent  impulses  by  means  of  which  light  constricts 
the  pupil,  seem  therefore  to  take  a  path  of  their  own;  but  the 
matter  is  not  as  yet  fully  worked  out. 

It  is  desimhie  to  remember  one  important  difference  as  to  the 
bahaviour  of  the  pupil  which  obtains  between  raun  and  some  of 
the  higher  mammals  on  the  one  hand,  and  the  lower  mamntals 
M  well  MM  oth»r  vcrtcbral«s  oti  t))c  other.  In  the  former,  tbo 
pupil-coiii^tncting  nt-rvouit  mechanisms  of  the  two  eyes  are  not 
completely  inde]>endent;  there  is  a  functional  communion  be* 
tween  the  two  sides,  so  that  when  one  retina  is  stimulated  both 
pupils  contraot,  and  indeed,  in  mail,  u  «  rule,  coDti-act  equally. 
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Hence,  when  a  chnnge  in  the  pupil  uf  one  eye  is  brought  about 
hy  some  mvans  oiher  than  the  one  we  are  now  considering,  the 
pupil  of  the  other  eye  is  affect«(] ;  when  for  inatjtiice  one  pupil 
IK  ctilated  with  atropin,  the  larger  amount  of  light  thus  aiiiottii^il 
intn  that  eye  causes  a  narrowing  of  the  pupil  of  the  other  eve, 
and  thus  incroaseti  the  diiTureuuc  between  the  pupils  of  the  two 
eyes.  In  tho  lower  mamuials  and  othur  vertebrates,  the  mech- 
anisms in  question  are  independent.  »liroulatiou  of  ouc  retina 
produces  no  effect  on  the  pupil  of  the  other  eye. 

It  is  by  means  of  this  i-edex  mechanism  of  which  we  havo 
just  given  a  sketch  that  the  changes  of  the  pupil  which  take 
place  in  actual  life  are  to  a  large  extent  carried  out:  a  con- 
stricted pupil  indicates  in  the  majority  of  instances  an  activity 
of  the  reflex  mechanism,  an<l  a  ddated  pupil  tlie  absence  of  or 
diminution  of  tlmt  activity.  In  the  normal,  hualthy  organism 
the  activity  of  the  mechanism  is  in  the  tirst  iristanc«  dependent 
on  the  iimouDt  of  light  falling  on  the  retina;  but  even  in  the 
normal  I'lmdition,  and  still  moi'O  in  an  abnormal  condition  of  the 
or^aniitm,  other  influences  may  become  dominant.  The  actirityJ 
of  the  centre  may  be  exalted  or  depressed  bv  nervous  or  oil 
actions;  the  retina  or  optic  nerves  may  be  aftected  by  tho  i 
amount  of  light  to  a  degree  less  than  or  greater  than  the  noi 
and  the  efferent  limb  of  tho  chain  may  be  loss  or  more  effocti\ 

^  540.  Besifle.s,  liowuver,  all  the  various  changes  which  ma} 
thus  be  induced  by  playing  upon  the  optic-oculo-motor  rcQcx 
mechanism,  other  agencies  are  able  to  act  on  the  pupil  quite  apart 
from  this  reflex  mecnanism ;  some  of  theae  act  through  the  second 
mechanism  of  which  we  spoke,  and  to  which  we  can  now  turn. 

If  the  cervical  sympathetic  in  the  neck  he  divided,  all  other 
influences  which  could  possibly  affect  the  pupil  being  avoided,  a 
constriction  of  the  pupil  will  be  seen  to  take  place ;  this  however 
is  at  times  (in  animals)  not  very  well  marked;  bub,  whether  it 
be  «o  or  no,  if  tlie  perinheral  portion  of  the  nerve  (i>.  the  upper 
portion  still  conneetea  with  the  head)  be  stimulateil,  a  widl-de- 
veloped  dilation  is  the  result.  The  cemcol  sympathetic  haa,  it 
will  be  observed,  an  effect  on  the  pupil,  the  opposite  of  that  which 
it  exercises  on  the  blood  vessels  of  the  head  and  neck ;  when  it 
is  divided,  the  pupil  becomes  constricted  but  the  blood  ves 
dilate,  and  when  it  is  stiinulat^id  the  pupil  is  dilated  while  the 
blixid  vessels  are  constricted.  This  pupil-<lilating  influence  of 
the  cervical  sympathetic  may,  ;ts  in  the  case  of  the  vaso-con- 
strictor  action  of  the  same  nerve,  be  traceil  backwards  down  tho 
neck  to  the  upper  thoracic  ganglion,  and  thence  to  the  sjunal 
cord  along  the  rami  communicantes  and  anterior  roots  of  certain 
thoracic  nerves.  In  all  the  liigher  animals  tlie  chief  channel  ii 
the  second  thoracic  nerve ;  in  the  cat,  dog,  monkey,  and  probablj 
in  man  some  of  the  impuUus  pass  by  the  firet  thorscie  ne^^'e  and 
a  few  by  the  third ;  in  the  i-abbit  a  very  few  pass  by  the  lir«t 
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but  iL  cood  many  by  the  third  nervo.  In  the  frog  the  chaonel 
U  the  lourth  spinal  nerve.  Along  the  spinnl  com  th«  diluting 
influence  may  m  further  traced  up  through  tlte  hulb  to  a  oontrc, 
which  ai)poara  to  be  placed  in  Uie  floor  of  the  front  part  of  the 
aqueduct  not  far  from  and  apparently  lateral  to  the  centre  for 
constriction  of  tbc  pupil.  Somu  i^uUiors  hiive  sup{>osed  that  a 
part  of  tliv  spinal  cord  in  the  lower  cerviciil  or  upper  thoracto 
region  above  the  origin  of  the  second  thoracic  nervo  nw  a  special 
shnre  in  carrving  out  the  dilating  action  and  lienoe  ha%-e  called 
this  region  the  centrum  t^iUotpiHole  inferiu*  ;  hut  lliifi  seems  very 
doubtful.  Since,  as  a  rule,  a  very  decided  amount  of  narrowing 
of  the  pupils  follows  u[>on  mere  section  of  the  cervical  sympa- 
thetic, ve  may  infer  thut,  unlike  the  ciiso  of  the  pupil-constrictor 
mechanism,  tonic  impulses  liAbituully  proceed  from  the  pupil- 
dilator  centre. 

Wo  may  trace  the  path  of  dilating  impuUt^s  in  the  other 
direction  upwards  along  the  cevviotil  sympathetic,  not  to  the 
sympathctio  root  of  the  ciliary'  ganglion  and  so  to  the  short 
oitiarv  nerves,  but  to  fibres  which,  passing  over  the  Gaitserian 
ganglion  apply  themselves  to  the  ophthalmic  division  of  the  fifth 
nerve,  and  from  thence  along  the  nasal  branch  to  the  long  ciliary 
nerves,  and  so  to  tlie  iris ;  while  the  short  ciliary  nerves  are  the 
channols  for  pupjl-constrictor  impulses,  the  long  ciliary  nerves 
are  the  channels  of  pupil-dilator  impulses. 

§  341.  But  while  the  mode  of  action  of  Uie  pupil-oonslrictor 
impulses  seems  clear,  .since  these  have  simply  to  throw  iulo  con* 
traction,  or  increase  the  contra<rtion  of,  the  tibres  of  the  sphincter, 
the  mode  of  action  of  the  pupil-dilator  impulses  is  a  matter  which 
has  been  and  still  is  disputed.  In  the  first  place,  considering 
how  vascular  tlie  iris  in,  it  docs  not  seem  unreasonable  to  inters 
pret  some  of  the  variations  in  the  condition  of  the  pupil  as  the 
results  of  simple  viwi-iilar  Inrgescenco  or  depiction  brought 
about  by  vaso-motor  miction  or  otnerwi.<<e.  When  the  blnoil  vessels 
are  dilated  and  tilled  they  will  eatLse  the  iris  to  encroach  on  the 
pupil,  making  the  latter  small  and  narrow,  and  conversely  a 
constricted  and  emptied  condition  of  the  blood  vessels  would 
lead  to  the  pupil  being  large  and  wide.  And  indeed  sUcht  oscil- 
lations of  the  pupil,  due  to  greater  or  less  fulness  of  tnu  blood 
vessels,  may  be  observed  syiiclirnnous  with  the  heart-bent,  and 
others  synchronous  with  the  respiratory  movemenla.  Hence, 
rememltering  how  conspicuous  a  channel  for  vaso-eonstrictor 
impulses  is  the  cervical  sympathetic,  it  seems  very  natural  to 
suppose  that  the  widening  of  the  pupil  which  follows  upon 
stimulation  of  the  cervical  sympathetic  is  simply  the  result  of 
tbe  constriction  of  the  blood  vesscU  of  the  iris,  and  I'onvereely 
that  the  narrowing  of  the  pupil  oUnerved  aft«r  section  of  the 
cervical  symjuithetic  is  simply  the  effect  of  a  greater  fulness  of 
the  iridic  blood  vessels  resulting  from  Uie  falling  away  of  the 
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u»uaL  vas(M»>nstrictor  impuUes.  A  further  support  to  tbU  vwP 
is  afforded  by  the  obeervationa  that  the  cervical  sympathetic 
<loea  coniain  vasoconstrictor  fibres  for  the  blood  vessels  of  the 
iris,  and  that  Uiese  leave  the  spinal  cord  by  the  same  patlis  as 
the  pupil-dilator  impulses,  that  is  to  say  somewhat  higher  up 
than  the  vaso-cmislrictor  fibres  for  thu  car.  Nevertheless  it 
seems  cltvir  that  tlie  )jupil-<lilittiii^  influence  exerted  by  thesym* 
patliclic  U  goinelhitig  quite  ditfei-ent  from  its  vaso-con^lHutor 
inlltioucc ;  for  the  dilatinjr  effects  of  stimulating  the  sympnthetie 
may  be  wiUiessed  in  a  bloodless  eye,  in  whioh  vaso-raotor  chauges 
could  not  produce  their  effect.  Further,  the  changes  in  ihe 
pupil  and  in  the  calibi-e  of  the  iridic  blood  vessels  are  not  coin- 
cident: when  the  synipathvtic  is  stimulated  the  widcninE;  of 
the  pupil  begins  some  time  buforc  the  cuiistrictiou  of  the  blood 
vusscls  and  indeed  may,  with  a  brief  stimulation,  be  over  aod 
past,  before  Uie  latter  haii  reached  it«  maximum.  Again,  in 
the  extreme  widening  of  the  pnpil  which  as  we  ahall  see  is 
brought  about  by  atropiu,  and  which  seeras  Co  be  of  the  same 
nature  as  the  widening  caused  by  stimulation  of  the  sympathetic, 
the  blood  vessels  of  the  iris  need  not  be  in  the  least  caa^iricted. 
Moreover,  it  is  statiid  that  the  long  ciliary  nerves  which  act  as 
pupilKlilatons  carry  no  vaso>eonstnctor  impulses ;  it  is  said  that 
stimulation  of  tltc  long  ciliary  oerves  while  it  widens  tbe  pupil 

ttroduces  no  vaso-molor  effects,  and  after  the  ilJvistcm  ol  tne 
ong  ciliary  iierve.t  stimulation  of  the  cervtoal  sympathetic, 
while  it  produces  vaso-con3triction  in  the  eye  as  in  other  parts 
of  the  head  and  face,  gives  rise  to  no  wiaening  of  the  pupil. 
The  impulses  alonw  the  fibres  of  the  cervical  sympathetic,  which 
cause  widening  of  the  pupil,  must  act  in  some  manner  other 
than  by  giving  rise  to  vascular  changes. 

Did  there  exist  iii  tlie  eyes  of  animals  an  arrangement  of 
niu.'wular  fibres  disponed  radially  from  the  circumference  of  the 
iris  to  the  pupil  as  conspicuous  at  the  circular  mu$olc.  since 
such  a  muscular  arrangement  would  act  as  a  dilator,  there  would 
probably  be  a  general  agreement  that  the  widening  which  results 
from  stimulation  of  the  sympathetic  is  brought  about  by  con- 
traction of  these  dilator  muscular  fibres.  But  it  is  only  in  Um 
case  of  one  or  two  kinds  of  animals  that  any  such  distinct  radial 
muscles  are  present  in  the  iris,  and  even  in  theM  cases  tbe 
muscles  are  not  conspicuomt.  In  all  other  animals  including 
man,  the  only  structure  in  the  iris  which  i>an  be  appealed  to  as 
a  dilator  muscle,  ia  a  peculiar  nucleated  layer  at  the  hinder  sur- 
face, just  in  front  of  the  pigment  epithelium.  Tbe  absence  of 
any  clear  indubitable  dilator  muscle  nas  led  some  to  explain  the 
pupil-ililating  influence  of  the  sympathetic  as  due  to  the  impulses 
aloni;  tttat  nerve  inhibiting  tiie  previously  existing  contraciioa 
of  tho  sphincter.  These  argue  thai  the  sphincter  mity  be  com- 
pared to  the  heart,  inasmucn  as  it  posseaaes  an  aotomatio  poi 
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of  contmction,  manifeitted  hnwever  not  in  a  rhytlimic  but  in  a 
toiiifi  manner,  and  tlmt  like  the  heart  its  action  may  be  eitlier 
Augmented  or  inhihited  by  nervous  impuUes;  and  we  have  Been 
(§  3^')  that  a  oimilar  view  may  be  taken  of  the  actions  of  the 
jriain  musculur  fibres  of  tbo  alimentary  canal  and  of  the  bUdder. 
Accordin^T  to  this  vinw  the  sphiitctt^r  uf  the  iris,  when  removed 
front  all  iiiflui-nec»,  m  in  a  aVxle  of  tonic  contraction,  pulling 
n^^tiiist  the  radi»l  rttmin  of  the  vlaatio  tiKsiic  of  thv  m»  and  so 
maintaining  a  punil  of  a  certain  aine.  Under  the  inlliicitce  of 
light  falling  on  tlie  retina,  tnipuUea  reaching  the  .sphincter  by 
the  short  ciliary  nerves  augment  its  contraction,  and  nari-ow  the 
pupil  in  proportion  to  their  intensity.  On  the  other  hand,  im- 
pulses reaching  thu  sphincter  from  tlio  svm^mthctic  by  tJie  long 
ciliary  nerves  inbibit  ihv  activity  of  the  spbiniter,  tliniinisb  the 
force  with  which  it  ia  pulling  against  the  clastic  tissue  of  the 
iru.  and  so  lead  to  a  widening  of  the  pii)itl.  thus  cither  diminish- 
ing  the  constriction  which  is  being  caused  by  the  action  of  light 
on  the  retina  or  otherwise,  nr,  in  the  alisence  of  all  external 
constricting  influences,  causing  the  pupil  to  become  wider  than 
it  naturally  would  when  removed  from  all  extrinsic  influences 
whatever.  In  support  of  such  a  vit-w  it  is  pointed  out  that  the 
inusculnr  tissue  lormtng  thu  sphincter  is  peculiar,  since  a  slip 
of  it  when  directly  stimulated  by  n  weak  interrupted  curivnt 
elongates:  in  this  rwfpcct  it  shews  a  further  analogy  with  th« 
heart  whose  activity  may  similarly  be  inhibited  by  the  inter- 
runted  current.  Again,  in  the  extiifiated  e>,'e.  or  even  in  the 
isolated  iris  cold  dilates  and  warmth  constricts  the  pupil,  the  one 
relaxing,  and  the  other  increasing  the  contraction  of  the  sphincter. 
On  the  other  hand  the  following  facta  seem  to  shew  that  the 
dilation  which  we  are  discussing  cannot  be  simply  a  matter  of 
Inhibition  but  must  be  due  to  the  rnilial  pull  of  Mime  or  other 
contractile  elements.  By  stimulating  one  ciliarj-  nerve  at  n 
lime,  or  hj-  partial  direct  stimulation  of  the  iris  with  an  electric 
current,  the  two  electrodes  Iwing  jdaced  close  together  on  the 
sclerotic  near  the  outer  margin  of  the  iris,  an  une<]ual  change, 
in  the  iris,  an  uneven  pupil  mav  be  produced :  and  this,  since  it 
may  be  brought  about  even  while  the  sphincter  is  contracting, 
must  be  due  to  a  radial  pull.  Further,  a  mere  radial  slip  of 
the  iris,  a  slip  cut  out  by  two  radial  incisions  carriei^l  from  the 
margin  of  the  pupil  towards  the  aclerotic.  the  slip  remaining 
coniivcte<l  with  the  sclerotic,  may  be  made  by  stimulation  to 
shorten.  Ijastiy,  since  this  shortening  does  not  appear,  when 
the  hind  surface  of  the  iria  has  been  previously  sharply  brushed, 
so  Ad  to  injure  it,  we  may  conclude  that  the  layer  snoken  of 
above,  [peculiar  though  its  characters  bo.  is  rcall}'  a  rauially  dis- 
posed contractile  tissue,  and  by  its  contraction  dilates  thu  pupil. 
Whal<;vi-r  be  the  view  adopted  as  to  the  exact  mode  of  uctiou 
of  Uie  syiuimllietic  there  remains  the  br<>ad  fact  that  the  pupil  is 
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under  thciloinimonof  two  aiitnj^unistiuiuucliimiitmB  :  oDcai 
8tricting  mccli»iii»iii,  ruflrx  in  nutiire,  liiu  lliinl  n«rt'u  M;rviii(; 
as  Ur-  L-fTutviit,  HUil  the  ujitio  m  tlie  afTei-ent  tract ;  tlie  ottier  a, 
(lUatiufC  iiii!vliuiiUiii.  ajijiiu-ently  tonic  id  n»t»re,  but  subject  to 
nii^muittiitiuii  from  variniia  causon.  and  of  tliia  the  c«rvical  »ym' 
|>iilb<'lic  is  tbe  efferent  L-baniiel.  lleni^L'.wbeii  the  third  or  ojitic 
imrve  is  di\niied,  not  only  ilo  constricting  impubi&s  cease  to  be 
manifest,  but  the  effvct  of  tlifir  iibiiL-nct.-  is  incruosctl.  on  account 
of  the  tonic  dilntin;;  iullucnce  of  Uit*syni]iu(lietio  lit-in);  left  five 
to  work.  When,  on  tlic  otiier  band,  (lie  syuii)«thetic  is  divided, 
this  tonic  dibitin^  intbieni^e  falU  away,  and  eonstrielion  results. 
Wlien  the  optio  or  third  nerve  is  stlmulateil,  the  dilating  eiTe«t 
of  the  syni|)rtthetio  is  overcome,  and  constriction  results ;  and 
when  the  sympathetic  is  stimulated,  iiny  coustriL-tiufr  inDnence 
of  the  third  nerve  which  may  be  prcsvnt  U  ovcreoiuc,  aud  dila- 
tion ensues. 

The  former,  opliu  uculo-motor  niccliaiiism  is  the  instruiuvot 
by  mCfiiis  of  which  lliu  pupil  is  adaptcil  to  the  amount  of  lieLL, 
the  Iatt«r,  sympathetic!  ineehanLsiu  apj)eai'S  t*i  he  employed  wneD 
other  iatliii-ticcs  are  bron^bt  to  bear  on  the  pupil.  Thus  the 
oharacleristie  pu)iil'dilatin;|;  effei-ts  of  emotions  such  as  fear,  of 
tlie  painful  siimulatiou  of  sensory  nerves,  of  dyspntea,  and  in 
part  of  some  drugs,  appear  to  bo  carried  out  through  the  sym- 
[wthetic  mechanism. 

Wu  may  add  that  botli  these  mcelioiiisms  may  Ito  thrown 
into  action  by  stinndatiou  of  ccrUiin  parts  of  the  *  oeuhir '  utx^b 
ill  the  cerebral  I'ortpx  ;  constrict  ion  or  ilihuion  may  lie  obtained 
by  stimulation  of  the  a)i]>rii{iriate  spot.  That  the  ililation  which 
is  oltserved  in  brought  about  by  means  of  the  sym{>atlietie  mech- 
anism, is  shewn  by  the  fact  that  it  fails  if  tJie  cervical  synijia- 
tbetic  l>o  previously  divided. 

§  M2.  Jq  tlie  case  of  many  drugs.  howBver,  the  effect  pro- 
duced is  either  in  part  or  wholly  independent  of  With  tlieiw  ner- 
vous meehariisniK.  A  siiiall  iinitntily  of  atropin  inln^dueeil  into 
the  system,  or  even  liireetly  into  the  eye,  eauses  a  dilation  of  th« 
pupil  wliicb  may  be  so  great  that  the  iris  is  reduced  to  a  mere 
rim,  while  pliysotttigmin  (eserin)  similarly  introduced  into  the 
Kystem  or  eye  nj-odnces  a  constriction  of  the  pupil  which  may  be 
so  great  that  ttie  pupil  is  narrowed  to  a  mere  pm's  point.  Since 
both  these  drugs  may  produce  their  full  effects  after  divituon  of 
tbv  optic  oculo-motor  and  the  sym{iathetiu  nerves,  and  indeed 
may  priiduce  llieir  effoels  in  an  exliriialed  eyeball,  it  is  obvious 
that  tliiwe  effeets  ai-e  not  due  to  the  drugs  acting  on  the  eentnl 
parts  of  the  almve  moebanisms.  Their  aetion  is  a  local  one. 
Tliev  do  not  act  by  moans  of  the  ciliary  ganglion,  for  both  drugs 
MHitmue  to  produce  their  effects  to  a  most  marked  degree  after 
the  ganglion  has  bceu  excised.  Nor  have  we  any  c\*ideiic« 
that  their  action  Is  dependent  on  any  other  local  nervous  mcch- 
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aiuMn.  mich  as  niiglit  be  afforded  by  the  nerve  cellti  lying  in  (lie 
choroid  or  even  in  the  iri«.  They  appear  to  ant  directly  on  tlie 
sphincter,  atropin  paralyninp  it  or  jToducing  relaxation,  and 
physoatigniin  incrfiisiii^  or  pr(idii(?iDf[  contraction,  both  often 
of  an  fxtri-nn!  chiinutiT.  Wlicthcr  tlit-  di-Uffs  act  on  tlic  actual 
mii»i'<ihir  tisNiK-  itH<.'ir  vr  on  llic-  t^-ii<liiii^  of  the  niTvc  librcs  in  tlia 
ninrtcnhir  tii*Kiie,  or  on  both  Uigmln-r.  imd  how  far  ihoir  effect 
in  due  to  changes  in  the  speiijtl  dilntor  nni^li>,  are  i|ue8tious 
which  we  need  not  diHcuas  here.  The  important  point  is  that 
the  action  of  both  these  drugs  is  a  local  one  ;  hence,  when  they 
have  pnnluced  their  full  effects,  the  normal  nervous  mechanitmis 
on  which  we  hfive  been  dwelling  are  of  little  or  no  UBe  ;  even  an 
abiindanee  of  li(;ht  UmiIh  to  no  eonstrietion  in  the  full  atropinized 
eye,  and  I'enioval  of  light  produces  Hi  tie  or  nodihitiou  in  an  eye 
fully  nndur  the  inflnence  of  ])hvNO.'<iigiuin. 

We  may  here  mention  the  fact  llmt  in  certain  animnU  at  all 
eventA,  for  instance  the  eel,  light  falling  into  the  eye,  even  into 
an  extirpated  eye.  will  cause  constriction  of  the  pupil ;  and  ihia 
Heenis  to  be  brought  about  by  nieans  of  »ouio  nervous  connection 
between  the  retina  and  the  irix,  for  the  effect  ceases  when  the 
retina  is  destroyed.  iUit  ibis  peculiar  action  has  not  yvt  been 
satisfactorily  explained. 

The  Khnre  of  the  fifth  nerve  in  the  work  of  the  iris  seems  to 
be  chiefly  at  least  a  sensory  one  :  the  iris  i»  sensitive,  and  the 
sensory  impulses  which  are  generated  in  it  pass  from  it  along 
the  fibres  of  the  fifth  nerve. 

We  may  siun  up  the  nervous  mechanism  of  the  pupil  then 
somewhat  as  follows.  The  salient  and  most  frequently  repeated 
event,  the  coostriclion  of  llic  pupil  upon  exposure  to  light,  ia  a 
reflex  act.  the  centre  of  which  is  placed  in  th«  brain  ;  and  the 
correlative  widening  of  th«  pupil  upon  diminution  of  light  ts  du« 
to  the  tonic  ailiun  of  the  synipnthetic  making  itself  felt  upou 
the  uaniiig  of  it^  antagonist,  'j'he  dilating  effects  of  enioiionx, 
of  w^nsory  ini|>ressioiis,  esj>ecially  painful  ones,  and  of  dyspno^ 
appear  to  l>e  bi-ought  about  by  an  increased  activity  of  tde  dUa- 
ting  centre,  assisted  possibly  in  the  latter  instance  by  a  depres- 
sion of  (ho  constricting  centre.  The  constriction  of  the  pupil 
in  the  earlier  stages  of  the  action  of  ulcobol  and  dduroform  and 
in  slumber  is  probably  <)ue  to  an  increaaed  action  of  (be  con- 
stricting (H'lilre,  but  the  narrow  pupil  caii.<«ed  by  such  adnig  as 
nhysostiginin  in  due.  chiefly  if  not  exclusively,  to  a  local  action. 
J'he  constrictwl  pupil  of  morphia  appears  to  be  due  partly  to 
central  and  partly  to  local  action,  i'ho  dilating  effects  of  sach 
a  drug  as  atropiii  are  chiefly  if  not  oxclusii-ely  due  to  a  local 
action,  but  in  the  widened  pupil  of  the  hiter  stages  of  alcohol 
poisoning  and  of  some  other  drugs  we  can  probably  trace  tlui 
effects  of  an  cxluiustioii  of  the  constricting  centre,  assisted  pos- 
sibly by  an  iucre-iuted  activity  of  the  dilating  centre. 
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§543.  nie  nervous  mechanism  of  accommodation.  Thecilu 
muscle  wliiL'h  brings  about  accotumodiitiuu  U  governed  in  thik 
iictiuu  by  fibr€»i  wliicti  may  be  tracctl.  tltruueh  tbu  sJiort  ciliary 
iiuiTi-s  and  cSJiiiry  paiiglioii,  aloiii^  lliv  tliiril  nvrvv,  to  a  ©«!Utre 
whiob  lies  (in  <lofrs)  in  ibe  extreme  fii>iit  of  the  Qoor  of  thf 
nqueiluet,  or  rather  iierhapB  iti  llie exlteiiie  hiiui  purl  of  the  (liioi 
of  the  tliiril  venlriele,  and  wliicli  ii*  ei*iierially  coiineou-il  with  the 
extrenip  frnnt  cif  the  nuL-leiw  of,  and  «o  with  the  itiosl  antt-nor. 
bundles  of  the  root  of,  tlie  third  nerve.  Ah  we  have  already 
said  Htimnlatiiin  of  this  centi-e,  or  of  the  third  nerve,  or  of  the 
short  ciliary  iiorvefl,  leads  to  a  contractiou  uf  the  ciliary  muscle 
and  to  aceommodatiiin  for  near  olijeetis. 

This  nervous  meeliaiiisin,  unlike  that  for  the  pupil,  is  under 
the  cuniimvnd  of  the  will,  though  the  will  needs  to  he  assistvi 
by  visual  sensutiinjt* ;  it  is  morefiver  only  brmit^ht  into  play  K 
the  direct  action  of  tlie  will ;  we  are  not  led  to  aceonimodate  by] 
any  other  influence  tlian  the  desire  to  see  distinctly  near  or  far" 
objects.  The  mechanism  may,  however,  be  affected  by  tlie  local 
action  of  drugs.  Such  drugs  as  atropin  and  jthysoetigmin  which 
have  a  special  action  on  the  pupil,  also  affect  the  incehaniiiiiu  of 
aeconiTiiodiitiun.  Atrupin  piiraly/.es  it.  so  that  the  eye  remains 
adjust<'d  for  far  objects  ;  iimi  physowl igmiu  throws  the  eye  into  a 
condition  of  forced  afiooinanidat.ion  for  near  object*.  This  double 
action  ha^t  been  explained  by  the  Huppoeiition  that,  by  acting  on 
the  niiLicular  fibres,  or  on  the  nerve  endingR.  or  on  both,  niropin 
inhibits  the  contraction  of  or  paralyzes,  while  physo^tiginin 
throws  into  contraction  or  augments  the  contraction  of  the 
ciliary  muscle.  But  tbu  phenomena,  on  further  intguiry.  are 
found  to  be  mure  complicated  than  they  appear  to  be  at  first 
sight.  There  are  also  otiier  fact«  which  indieute  that  our  knowl-fl 
edge  of  the  mcchauiwm  of  necunimodatiuii  is  far  from  being  com-" 
plete.  For  iiistnncve,  so  far  as  we  know  at  prest'ut,  when  we  )>as« 
from  accommodation  for  a  near  object  to  that  for  »  far  object,  w© 
simply  '  let  go '  the  previous  effort ;  we  cease  to  contract  tlie 
ciliary  ranscle.  and  the  return  of  the  suspcnsorj-  ligament  and 
other  parts  is  simply  the  passive  result  of  the  cessation  of  tlie , 
contraction  of  the  ciliary  muscle.  If,  now  the  change  from  nea 
to  far  be  siieli  a  mere  pussive  relaxation  of  H  previous  cuutrac 
tion  we  sliould,  judging  from  our  experience  of  onlinjtry  imis-l 
cular  cont raction.s,  exjvect  the  time  taken  up  by  it  to  be  greater, 
or  at  least  not  less  than  the  time  taken  up  by  the  change  from 
far  to  near :  but  as  a  matter  of  fact  it  is  very  much  shorter^f 
indeed  the  act  is  an  exceedingly  rapid  one.  ^B 

§  544.  There  remains  a  word  to  be  said  coiiceming  the  con- 
striction of  the  pupil  which  takes  place  when  the  eye  is  accom- 
modated for  near  objects,  and  when  the  pupil  is  tiimeil  um'srvU 
(the  two  being  obiMitly  allied,  since  the  two  eyescmiverge  to  seaj 
near  objecttt),  and  the  return  to  the  more  dilat«d  condition  wl 
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the  cyu  rutunu  tO  Itst  and  ref^uins  tlic  coTiilItion  udaptprl  for 
vivwiiiff  fur  objects.  Tbeso  iire  i]i»tiiiioe.i  i»f  wluit  :iro  vallud 
"Mcoctateil  moveiiteiits."  A  .timilar  instiinrc  U  ftlToril<-il  liy  cer- 
tain caeeet  of  liliiHliieK.t  of  one  ey«  due  to  atrniihy  of  tlie  optic 
nerve ;  in  such  cases  tlie  pupil  of  the  blind  eye  may  l>e  wholly 
inwnsiMe  to  lifrlit,  and  yet  becomes  narrowed  when  the  subject 
looks  at  a  neiir  object  with  the  sounil  eye.  la  so  doing  lie  throws 
into  action  the  aecomnioiliitiun  nifi-liiini»ni,  uiid  witli  that  the 
pujiil-eonstrictinfi  mei-haniNm  of  both  fyos.  Two  movements  are 
thus  spuken  of  ii.s"ii!tsociat*>d"  when  llie  »i>eoial  centnil  nervoua 
incehauiHm  employed  in  rnrrying  out  the  one  act  is  so  connected 
by  nervous  ties  of  some  kind  or  other  with  that  employed  in  parry- 
ing out  the  other,  that  when  we  set  the  one  mechaiusn]  in  action 
we  unintentionally  set  the  other  in  action  also.  In  this  constric- 
tion of  the  pupil  associated  with  accommodation  the  nervous  ties 
between  the  parts  of  the  eentral  nervous  system  concerned  in 
the  generation  of  Uie  will.  I  be  centre  foriiccoinmodutiiiii,  ami  the 
(x-ntre  for  the  constriction  of  the  pujiil,  are  such  that  whenever 
the  will  stint  up  the  impulses  necessary  to  carry  out  accomniodft* 
tion,  it  at  the  same  time  stirs  up  corresponding  impulses  in 
the  pupil -constrictor  mechanism.  More  than  this  wo  cannot  at 
present  say. 

We  can.  as  we  have  said,  accommodate  at  will ;  few  persons 
only  eaii  effect  the  neeessiiry  change  in  the  eye  unless  they  direct 
their  attentitm  to  some  near  or  far  object,  us  the  case  iiuvy  be^  and 
thus  ai<isist  their  will  hy  visual  sensations,  lly  pructict).  however, 
the  nil!  of  external  objects  may  be  dispensed  with  ;  and  it  is 
when  this  is  achieved  that  the  pupil  may  seem  to  he  made  to 
dilate  or  contract  at  pleasure,  accommodation  beine  effected 
without  the  eye  being  directed  to  any  particular  object. 
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SEC  4.   IMPEBFECTIOSS   Df  THE  DlOPTfi 
APPAKATUS. 


§  545.  Impetffrtiont  of  aecontmodaticm.  Tte  emme 
in  which  thu  priiiciixil  posterior  foctis  Wvs  on  tbe  rcUiH 
ytv h;ivc awX,  be  Uikeii  »«  ttic  iiontinl  vyi*.  IlXw  mvo[>LC, 
tbe  prtncii>al  posterior  fociw  liv»  in  front,  luicl  the  bypei 
eye,  in  which  it  lieit  heyond  lh«  reliiia,  may  be  con>ia«i 
perfect  eye».  though  the  former  poAseases  an  ailrauUi^ 
nortnal  ere  in  so  far  that  ii  can  see  minute  objeci>>  more 
than  can  the  normal  eye.  since  these  can  be  bri»ught  so 
eye  ««  to  give  a  relatively  large  tvtiual  image  and  yt 
within  the  limit;;  of  accommodation.  An  eru  may  h 
from  too  gT«aia  O0Dv«sity  of  the  cornea,  or  of  the  anten 
of  the  len«,  or  from  pvnnaoent  spasm  of  ttiu  acvoiBi 
mt^haniAm.  or  from  loo  f^at  a  length  of  ihu  lung  axbi 
ball.  The  Usi  appeant  to  be  tJie  u^al  cause.  Similarly, 
of  h)~permetronism  is  in  roost  cases  the  poAsession  nf  I 
bulb,  lu  presbyopia  the  failure  or  loss  of  accommodi 
he  ilu«  either  to  a  loss  of  elasticity  of  the  leas,  or  to  il 
weakness  of  the  ciliary  muscle,  or  to  tbe  p«rts  becomi 
the  tintt  appears  to  he  the  more  common  cause :  tbe 
may  affect-  not  only  nonnnl  but  also  otluT  eyo^ 
in  the  tifth  deca'le  of  life. 

'I'heiie  several  defects  roay  be  remedied  bj'  the  ma 
priate  lenses,  by  wearing  projter  spectacles,     Tl 
needs  for  disunt  objecu  the  rays  of  which  fall  \ 
cornea  (or  at  least  so  little  diverfcnt  that  they  still 
to  a  focus  in  front  of  the  retina)  n  concave  gltss,  of  s»ci 
Uve  power,  of  such  a  focal  length,  as  to  give  to 
before  they  fall  on  the  ooniea,  snflioient  divergence 
dioptric  mechanism  of  the  eye  to  bring  ihem  to  a 
no  longer  in  front  of.  the  retina. 

The  hypermetropic  eye  needs  a  convex  glass  of 
length  as  will  give  to  parallel  rays,  before  they  fall  on 
aufiicicnt  convergence  to  enable  the  eye  tu  bring  them 
on  the  rclinu- 
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Tho  prcsljyopitj  cyo  ftimilarly  ncods  R  COOTBI  gltus  tho  focal 
K>ii<;tli  of  wiiii-li  iim^t  <]e]>etiil  i>n  tlio  arnoQnt  of  accomiuodntioa 
still  |)0»ses«ecl  l>y  the  eye;  it  must  eive  the  tuys  jiii<t  m  miioh 
«onvvrgeiic«  llmt  tht?  weakeiied  itiecnaRisiu  is  altte  to  liring  ttiein 
to  a  focm  on  the  retina,  the  convexity  ot  refractive  power  of  the 
ghuM  lieing  iiicreusecl.  that  is  to  oay  iu  focal  length  diniiniiiheil, 
as  the  loss  of  nt^cotumotlatioti  int'iva^eii. 

§  546.  Snherh-al  aberration.  In  a  splierical  Ipns  the  rays 
which  lire  refmctinl  by  tho  cirL-nmrfreulial  parts  uru  brought  to 
a  foeu*  »Ooner  than  those  wliich  jiass  tliiYiiif^h  ihi-  inoro  ot-iitral 
parts ;  in  ooiiiie^uence  the  rays  proceeding  from  a  Iniiiinons  point 
ai-e  no  longer  brought  to  a  mngle  focus  at  one  point,  but  form  a 
numbei'  ol  foci  at  different  distances.  Hence,  when  raj's  are 
allowed  to  fall  on  tho  whole  of  the  lens,  the  image  formed  on  a 
screen  placed  in  tho  focus  of  tliB  more  ceiitml  rays  is  blurrt'd  by 
the  (lilTusion-circli--^  caused  by  the  ciix-nmfercntiul  rays  which  have 
been  biiju^'httJi  a  premature  focus.  In  an  Drdiimry  wjittcal  iiiKtru- 
lueiit  spherical  abttrration  is  oi>vi4t4-d  by  a  diaphmgui  which  xhuls 
off  the  more  eirc\imferenU.tl  rays.  In  the  eye  the  iris  is  aii 
adjtislable  diaphi-agm:  and  when  the  nupil  contracts  in  near 
vision  the  more  divergent  rays  proceeaing  from  a  near  object, 
which  tend  to  fall  on  the  circumferential  parts  of  the  lens,  are  cut 
off.  The  tens  however,  as  we  have  seen,  is  not  uniform  in  struc- 
ture, and  tho  rcfnicliou  which  it  exercises  docs  not.  nsiu  the  case 
of  tli«  ordinary  lens,  increase  n-gtilarly  and  progressively  from 
the  circuinfereneo  to  the  centre,  but  varies  most  invgulorly; 
hence  the  purpose  of  the  narrowing  of  the  pniiil  cannot  be  simply 
to  obviate  spherical  al>erration ;  and  indeed  the  other  optical 
imnerfectioiiK  of  the  eye  are  so  great,  that  such  spherical  alter- 
ratmns  aa  are  actually  cau&cd  by  the'  lens  produce  no  obvious 
effect  on  vision. 

§  547.  A*ttffmati»m,  We  have  hitherto  treated  the  eye  as  if 
it«  dioptric  sui-fiwos  were  all  parts  of  perfect  spherical  surfaces. 
In  reality  this  is  rarely  the  case,  vitticr  with  the  lens  or  with  the 
cornea.  Slight  deviations  from  the  »]>herical  shape  do  not  produce 
any  marked  effect,  but  there  is  one  deviation,  known  as  regulnr 
aHligmatism,  which,  pi-esent  to  a  certain  extent  in  most  eyes  and 
verj"  largely  developed  in  some,  frequently  leads  to  very  imper- 
fect vision.  This  defect  is  due  to  one  or  other  ot  the  dioptric 
surfaces  being  not  sptivricid  but  more  convex  along  one  moridinn 
than  another,  more  couvex,  for  instance,  along  the  vertical  than 
along  the  horizontal  meridian.  When  this  is  the  case  with  the 
dioptric  surface  of  an  optical  system  the  rays  proceeding  fi'om  a 
luminous  point  are  not  brought  to  a  single  focus  at  a  point,  but 
possess  two  linear  foci,  one  nearer  than  the  normal  focus  and 
corresponding  to  the  more  convex  surface,  the  other  farther  tliau 
the  normal  focus  and  corresponding  to  the  less  convex  surface. 
If  the  vertical  nieridiADS  of  the  surface  be  more  convex  than  the 
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horieontal,  then  th»  iieiirtsr  linear  fncus)  will  l)c  horizontal  and  thl 
farther  linear  focuw  will  be  vertical  and  vice  verga.  (This  can  lie 
shewn  Diucih  more  effectually  on  a  model  than  in  a  Jiagi-om  in 
which  wc  are  limited  to  two  dimensions.)  Now,  in  order  to  a«e 
ilistinelly  a  vertical  line,  it  is  mueh  taota  important  that  the  ran 
whieli  diverge  fmni  the  lim.*  in  ti  series  of  horizontal  planes  should 
be  hronghl  to  a  focus  pniperlv  tliun  thosu  which  diver^  in  the 
vertical  plane  nf  the  liuf  itself :  for  the  former  oontributo  to  a  fur 

S eater  extent  than  do  the  latter  to  the  sum  of  i-aya  which  co  to 
rm  the  retinal  image  of  and  so  to  excite  the  Ken^atioo  of  the 
line.  Similarly,  in  order  tm  see  a  horizontal  line  distinctly  it  b 
much  more  important  that  the  ray»  wliiih  diverge  from  the  lino 
in  a,  series  of  vertical  plaucs  should  bi.^  brought  to  a  focus  {iroperly 
than  those  which  divei;gu  in  the  horixoiital  plane  of  the  line  ilsvlf. 
When  a  horizontal  line  is  held  before  an  astigmatic  dioptric  sur- 
face, more  convex  in  the  vertical  meridian,  it  will  give  rise  to  a 
strong  image  of  a  horizontal  line  at  tJie  nearer  fi>cus  vvhei«  the 
many  vertical  rays  diverging  from  the  line  are  brought  to  a  linear 
horizontal  focus,  and  to  a  weak  image  of  a  Tertical  line  at  tlie 
farther  focus  where  the  fewer  horizoutal  rays  are  brought  to 
linear  vertical  focus.     Similarly,  a  vertteal  hue  hiild  before 


same  surface  will  give  ri-te  to  a  strong  image  of  a  vertical  li 
at  the  farther  foon»  where  the  horizontal  rays  diverging  from  the 
vertical  line  are  brought  to  a  linear  vertical  focus,  and  to  a  weak 
image  of  a  horizontal  lino  at  the  nearer  focus.  But  in  the  case 
of  nn  astiginalic  eye  trying  to  see  a  horizontal  or  vertical  line  or 
rod  such  as  a  horizontal  or  vertical  needle,  the  mind  will  neglect 
tJie  weaker  image,  and  take  the  stronger  image  as  the  only  imugu 
of  the  objecU  Hence  if  a  horizontal  and  a  vertical  newlle  lie 
placed  at  the  same  distance  before  an  astigmatic  eye.  which  is 
more  convex  in  the  vertical  meridian,  that  eyo  will  see  a  hor- 
izontal needle  distinctly  when  the  nearer,  iiud  a  vcrlieid  needle 
distinctly  when  the  farther  of  the  two  foci  falls  on  the  retina; 
it  will  n;i|uirc  a  different  accommodation  to  seethe  one  and  the 
other  distinctly-  If  the  astigmatism  is  such  that  the  horizontal 
meridian  he  the  more  convex,  the  vertical  needle  will  be  seen 
must  distinctly  at  the  noarer,  and  the  horizontal  at  the  farther 
focu.t.  In  both  forms  of  astignuitism  the  horizontal  and  t)ie 
vertical  lines  which  go  to  make  np  the  features  of  the  surface 
of  an  object  will  fait  of  being  seen  distinctly  at  the  satne  tioi' 
Mid  the  vision  of  tiie  object  will  lie  imperfect. 

Rays  of  light  proceeding  from  u  line,  which  is  neither  vi 
Ucal  nor  horizontal  but  oblique,  give  rise  in  an  aKtiginatfi 
sntem  to  a  imniber  of  foci  arranged  in  so  complex  a  manner 
tnat  no  distinct  image  can  lie  formed  on  the  retina ;  the  iire»- 
ence  of  these  line«  accordingly  adds  to  the  imperfii'tion  of  the 
vision  of  any  object. 

Most  eyes  are  thus  more  or  leiis  '  regularly '  ftsligniatio, 


ace 

] 

,t^ 


Chai-.  hi.] 


SIGHT. 


878 


fonvmlly  with  ii  greater  convexity  along  the  vertical  meridiAD. 
f  a  set  of  horizontal  or  verticul  linen  be  looked  at.  or  if  the 
n^^ifir  point  of  uccunimodiition  hv  il«l«niiini.'tl  by  Scheiiier's  ex|wr- 
iuivnt,  for  tlit;  iii-i*<llu  |jla<.-i;(l  tirsl  ]ionJ:('n(iilly  unil  ihtn  verti- 
cally, till-  (liMtuiicu  from  the  eye  iil  wliith  ihv  horizontal  lines 
or  nei?tli«  ari>  seen  distinctly  will  lie  fouail.  iu  inrwl  lw«cs,  to 
h«  iijijireciahly  anil  in  ninny  cartes  coimiderably  i^liorter  thun 
that  at  which  the  vertical  tines  or  needle  are  neen  with  eqniil 
distinctness.  In  other  words,  in  the  case  of  most  eyes,  a  ver- 
tical line  must  he  further  from  the  eye  tliiin  a  horiEontal  one, 
if  both  ure  to  be  seen  distinctly  at  thu  sutiw  time.  The  cause 
uf  Hstif^nntism  is,  in  thv  grL'at  mnjority  of  cusvs,  the  unetiual 
enrvature  uf  the  cnrncu;  but  somtilinies  the  fault  lies  iu  the 
lens,  ua  wiw  the  case  with  the  philosopher  Yonng. 

Kegiiliir  astigmatism  may  be  reineitied  by  the  nne  of  cylin* 
drical  glas»es,  that  i.s  to  say,  glasses  which  are  convex  ah>ng 
one  meridian  but  ulane  along  the  other.  Thus  the  ordinary 
aatigiiiatic  eve  witli  the  greater  curvature  along  the  vertical 
meridian  will  he  beneliteu  by  u  cylindrical  glass,  plane  iu  the 
vertical  plane  but  possessing  such  uonvexily  in  the  horizontal 
plane  as  will  make  up  for  the  relatively  detiuieut  horizuutal 
curvature  of  the  cornea. 

Whiin  the  eurvuture  of  (Jie  cornea  or  of  the  lens  differs  not 
in  two  meridians  only  but  in  several,  irr^ffular  astigmatism  is 
the  rffsult.  A  certain  amount  of  irregular  astigmatism,  due  to 
the  cornea  or  lens,  exists  in  most  eyes,  thus  causing  the  image 
of  a  bright  jxiint.  such  as  a  star,  to  be  not  a  rouml  dot  but  a 
radiate  tigure ;  in  some  e^iscs  the  irregularity  is  so  great  that 
several  imperfect  images  arc  formeil  of  every  nbjeot- 

§  548.  Chromatic  ahcrrativn.  The  dilterent  ray*  of  the 
spectrum  are  of  different  refrungibiUty.  those  towards  the 
violet  end  of  tiie  spectrum  lieing  brought  to  a  focus  sooner 
tlmn  those  near  tlie  red  end.     This  in  optical  instruments  is 


Fla.  148.     Duntuit  ii.i.e*TnATitiu  CnitowATic  Admmtiow. 

U  is  the  dioptric  surfacp.  Ai  rcprcHmte  Oxr  blue,  ami  hr  tho  r«d  nys ;  F  is  tbe  fool 
plan«  ot  ttio  blue,  H  of  tbu  n-il  rajr. 

obviated  by  using  compound  lenses  made  up  of  various  kinds 
of  glass.  In  the  eye  we  have  no  evidence  that  the  lens  is  so 
constituted  as  lo  correct  this  fault ;  still  lliu  tol«l  dispeniivo 
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pon-fir  of  the  iii»triiiiiciit  i«  «o  tttnall,  that  8iich  amoant  of 
uiutic  nberratiuu  as  <loes  exutt  attrnets  tittle  notice-  Never- 
thelt!S»  Home  xtiglit  a)>erration  may  be  d<!tect«<I  bj  carefui 
obiiervalinii.  When  the  ftpectnim  is  ol)Hcr\'e<l  at  some  <li» 
tajice  off  the  violet  end  will  not  he  sc^sn  in  focus  at  the  sami 
time  an  tliL'^  red  end.  Af^aiii.  if  u  luminous  ])oint  be  loukei 
at  through  a  narnjw  urifiuu  euvvruil  by  ii  piui'i*  uf  violet  Lflasn 
which  while  shutting;  uut  thu  v^Huw  luiil  giv«u  nllowK  thv  Ttn 
uml  blue  myit  Ut  pH«<M  thmiij^h,  there  will  he  seen  allcniut^lj 
an  iinn^t;  huvin^  ii  bltie  ueiiti-e  with  a  red  fringe,  or  a  red  oentn 
with  a  blue  fringe,  nororiiiiij^  as  the  iniaeEt  of  the  point  lonket 
at  U  thrown  on  one  side  or  oilier  of  the  true  focus.  Thai 
supjioHing  /  (Fig.  148)  to  be  the  plane  of  the  mean  focus  o 
A,  the  vioh't  rays  will  Iw  brought  to  a  focus  in  the  plane  P 
and  the  red  niy»  iu  tho  plane  H.  If  th«  raj's  he  supposed  t< 
fall  on  thu  retma  bt!twi-i;u  r^and  /,  tho  divvrgiuf;  or  blue  rari 
will  form  it  rculre  surrounded  by  tliv  still  converging  rod  rays , 
whereas  if  the  rays  fall  on  the  i*lina  between  /  iiri<l  B,  th« 
eonvei^ing  red  rays  will  form  a  centre  with  the  still  diverging 
bine  r.ays  forming  a  fringe  round  them.  If  the  rays  fall  oc 
the  retina  at  /,  the  two  kmds  of  rays  will  be  mixed  together ; 
as  will  be  Hoon  from  the  figure,  the  circumferential  still  con- 
verging red  ray  hr  as  it  cuts  lh«  plane  of  tho  retina  is.  in 
onlinary  vtsiou.  aceom|i(iiiied  by  the  diverging  violet  my  Ai", 
ancl  lliiia  by  a  sort  of  ciini[>eiiH-atiu»,  we  jtev  logcthcr.  thougli 
not  in  alisolntely  proper  focus,  even  the  rays  whieb  differ  uio«t 
in  refraction.  The  experiment  may  be  variwl  by  bbx'king  up 
one  half  of  the  pupil  with  a  ])iece  of  card  and  u-sing  llie  unoor- 
ered  half  of  tlie  pupil  to  look  through  a  piece  of  \-iolet  glass  at 
a  white  surface  or  a  caudle  flame.  The  r«l  strip  will  bo  seen 
to  have  It  bbiu  edge. 

§  519-  EiUoptie  phenomena.  The  various  media  of  the  ejf 
are  not  uniformly  transparent;  the  rays  of  light  in  paasinc 
tbruugii  tbeiii  undergo  local  al>sorption  and  ivfnictiim.  and 
thus  various  shadows  are  thrown  on  tlie  retina,  of  which  we 
become  con.<ir:ioua  aa  imperfections  in  the  lield  of  vision,  esfie- 
cially  when  the  eye  is  directed  to  a  uniformly  illnniiiuited  sur- 
face. These  are  spoken  of  as  ento]itic  phenomena,  and  are 
very  variwi.  many  forms  having  lieen  desorilwd. 

Tears  on  the  cornea,  or  tem|>orary  unevenness  of  the  ante- 
rior aur&icti  uf  tliu  cornea  after  the  eyeU<l  has  been  pressed  on 
it,  may  give  ri»c  to  rvtinal  images  and  so  to  visual  si-nsations ; 
but  in  these  cnscn  the  eiuise  lies  outAiUe  the  eye  and  the  result 
«an  hardly  he  spoken  of  as  ento]itic. 

('hanges  in  the  margin  of  the  pupil  nppCAr  in  the  shadow 
of  the  iris  whieh  bounds  the  lield  of  vision.  If  we  hxik  at  a 
bright  object  or  luminous  surface  thrwigh  a  pin-hole  in  a  canl 
plaiced  clow  io  front  of  the  eye  (in  order  to  get  the  best 
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on  tli«  ivtiim,  the  pln-holn  itlimilil  occupy  tho  poaition  of  tlio 
priiK-ipal  aiilTJor  fooiiH ),  the  dark  ctivli?  wliii'h  bounds  tli«  iwUi 
of  vi.-iion  is  the  image  caiisoil  ljy  tlie  nhailow  of  llie  niarein  not 
as  mii{lit  at  first  l)e  HupposcKl  of  the  jiiii-hole  hut  of  tne  ii-itt. 
This  IS  Ht  onou  shfwn  hy  tho  changes  which  it  can  be  niade  to 
undergo,  while  the  piii-liulu  rcinnins  motionless,  by  alternately 
cloiuiifT  and  oiwniiifj  the  other  cyi? ;  the  field  of  vision  of  the 
vy«  w'])i(!li  iH  looking;  lliroujfh  the  pin-hnle  itiiiy  bo  obwrvfd  to 
ciinimrt  when  light  enters,  and  \v  ex|Ktiid  when  tho  lluhl  is 
shut  ofY  from  the  other  eye;  for  as  we  have  sei-n  f§  .')!};')  lijfhl 
falling  nil  one  n^tina  leafht  to  ron.teiisunl  imrniwing  of  the  pupil 
of  llie  other  eye.  Other  changes  or  irregularities  in  the  iris 
may  l>e  observed  by  this  method. 

Imijerfeclions  in  the  lens  or  in  its  capsule  may  also  give  rise 
to  I'ntoptio  tmuges.  Not  unfrequuntly  a  radiate  figure  comj- 
sponding  to  the  arrangement  of  the  librei;  of  tho  k-us  inukeH 
its  ftp|»eaiance. 

The  most  common  entoptic  phenomena  arc  ttiose  cnascd  by 
the  presence  of  floating  bodies  in  the  vitreous  humour,  the  ho* 
called  musccB  voUtantei.  These  are  readily  seen  when  the  eye 
is  turned  towards  a  uniform  atirfaee.  and  are  freciiiently  very 
troublesome  in  looking  through  it  mieroscope.  Ihey  assume 
tla'  form  of  rows  uii<l  groiiiMS  of  beads,  of  single  beads,  of 
8treak«,  patches  imd  gninvih's,  ftUfl  may  be  rwognixcd  by 
their  almost  continual  movement.  e»iieeiaily  whon  the  head  or 
eye  is  moved  up  and  do^vn.  Wlien  an  attempt  is  made  to 
fix   the   vision   upon   them   thev    immediately   tloat   an'ay. 

Since  the  images  on  the  retina  are  in  these  cases  shadows 
and  since  the  strongest  slmdowa  are  east  by  parallel  rays,  the 
images  arc  best  seen  when  the  rays  of  light  giving  rise  to  the 
sbadows  on  the  retina  traverse  the  vitreous  humour  in  parallel 
lilies;  hence  Ibo  Ik-st  itluiuinatioii  for  exauiining  the  phenotu- 
eiia  is  one  )>liiced  in  the  ]ii-inci[iHl  anterior  focus,  the  rays 
diver^ng  from  which  fall  parallel  on  the  retina  (S  5241,  Fig. 
140).  The  sharpness  of  the  images  is  also  increased  by  using 
a  small  but  bright  source  of  light,  as  by  looking  at  a  bright 
light  through  a  small  bole  in  a  screen. 

The  sensations  which  iheso  objects  in  the  vitreous  humour 
excite  by  mvnns  of  the  retinal  im»ges  to  wlucb  they  give  riw 
do  not  tell  us  tliat  the  objeels  arc  in  the  vitny^is  humunr.  As 
we  shall  see  we  refer  nil  iiffw^tions  of  tiie  retina,  nil  visual  sen- 
sations to  some  change-s  in  the  external  world  ;  and  if  we  trusted 
to  our  sensations  alone  in  the  casea  of  these  entoptic  phenom- 
ena we  should  suppose  that  the  causes  existed  outside  onmelvcs. 
It  is  only  by  means  of  inferences  dra%vn  from  tlie  features  and 
behaviour  of  the  sensiitions  that  wo  arrive  at  tho  conclusion 
tliai  the  ciinses  lie  in  the  vitreous  humour. 

The  accompanying  diagram  (Fig.  149)  illnstnites  how  the 
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position  of  objects  in  the  eye  may  ho  dctprminotl  hy  the  mo 
nieiils  of  t  livir  sIkiiIuwh  on  llic  rutimi.  It  repn-si-nts  tlic  retluc 
diagraiiiiniitii.'  cyi.?  st^t-ii  in  vorliriit  section,  witli  n  llifr  niKlal  |Biin(, 
p  the  pi'iiii'iiiat  [ilitm?,  hiiiI  ^'llii;  [il»iiti  of  tli«  pi-iiii-j[)al  anu-Hor 
fociia.  1  Ttqtre.sentM  an  object  in  the  anterior  chan]l>er.  2  another 
in  the  substance  of  the  leiLs,  and  4  a  third  in  the  viirt>oUH  humour. 
If  tt  brigbt  light  be  looked  at  through  a  pin-hole  in  a  card  placed 
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in  the  jjlanu  of  tlitf  principal  anterior  focua  F  so  that  tlie 
is  at  tlie  principal  aiitifriur  fouiis  a,  the  rays  of  light  may  be 
considered  att  diverging  fniin  n,  and  wo  may  draw  th«m  as 
refracted  at  the  princi]ial  phtiie  u,  and  thou  [tassing  parallel 
through  the  vitreona  humour.  Tne  image  on  the  retina  in  this 
case  may  be  repreaentfd  by  a'.  The  field  of  vision,  limite^l  by 
tho  shadow  of  the  iris,  will  Ijc  circidar  ;  the  shadow  of  2  will  lie 
close  to  the  optic  axis,  that  of  1  a  little  above  it.  and  that  of  3 
8ome  little  way  below  it.  It  will  of  course  be  remembered  that 
in  the  appartnt.  image  all  the  featuro^  wil!  be  inverted  (§  707). 
If  now  the  card  lie  moved  upward  tto  that  the  light  emanates 
from  the  pin-hole  at  J.  and  the  paths  of  the  rays  of  light  beilrnwu 
as  Iwforo,  the  image  re-suiting  will  be  that  shewn  at  b'.  The 
shadow  of  *2  has  ehani^ed  very  little  in  position  ;  but  that  of  1 
lias  moved  downwtinlM.  while  that  of  3  has  moved  upwards  so 
that  all  three  lie  doner  together.  If.  on  the  contnir>-,  iJa;  cani 
be  moved  downward  to  c  the  result  will  Iw  that  shewn  in  r' ;  tlie 
sliadow  of  2,  as  before,  has  moved  but  little,  while  that  of  1  has 
moved  upward,  and  that  of  3  downwards,  so  that  the  three 
shadows  are  farther  apart.. 

Thus  while  the  slmdows  of  objects  in  the  anterior  ehamWr 
move  ia  a  dli'cction  the  oppo»it«  to  that  of  the  movement  of 
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source  of  nn  illumination  pliwwd  in  the  plane  of  the  principal 
anterior  focus,  the  shnilow^  of  objects  in  the  vitreous  liumuur 
move  in  the  ettniv  directional  the  floiirce  of  illumination.  lIt;iiL-e, 
by  olirterving  the  ilirectioii  of  tht?  inovfment  of  an  entojitic  iinii^e 
resulting  from  the  movement  of  iIk-  iUuniination.  Uic  |toHilio[i  in 
tlie  eye  of  the  object  giving  risu  to  the  iimtgv  nmy  be  dt-termined, 
regard  of  coiirat.'  uIwiivh  being  hud  to  the  so-ciilk-d  mental  inver- 
sion  of  the  retinal  image.  Stated  more  strictly  the  rule  would 
run  thus.  Thu  shiiilowti  of  ohieettt  in  front  of  the  nodul  point 
(§  i>27)  in  Uie  len.s  move  in  a  direction  coiitrury  to  and  those  of 
objeutM  heliind  the  nothil  point  in  the  mtnie  direction  tis  the  move- 
ment of  the  illiiniiuation  ;  moreover  the  more  di^tutit  the  object 
from  the  ntKial  point  the  greater  the  movement  of  the  shadow 
caused  by  the  same  movement  of  the  illumination. 

in  tills  eoniieetiou  we  may  refer  to  one  or  two  matters  which 
however  cannot  be  eullvd  dioptric  imperfections. 

If  u  wliite  sheet  or  white  cloud  lie  looked  nt  in  (lavUgflt 
through  a  NiculV  j<ri»m,  a  Honicwhat  bright  double  cone  or  double 
tufl,  with  the  apices  tuucliinp,  of  »  faint  blue  cihiur,  is  seen  in 
the  centre  of  thi^  Held  of  viHton,  cn^Mtted  by  a  similar  double  cone 
of  attoniewhat  yellow  darker  cobntr.  TheRe  are  spoken  of  as 
Haidinger's  hnuthes  ;  tliey  rotate  as  the  priam  is  rotated,  and  are 
supposed  to  he  due  to  the  unequal  abHorption  of  the  polarized 
light  in  that  part  of  the  retina  which  we  shall  study  presently 
as  "the  yellow  apot."  The  prism  must  be  frequenily  rotatett, 
ainee  when  the  prism  remains  at  rest  the  phenomenu  fade.  VVe 
may  here  remark  that  the  medin  of  the  eye  arc  tluorescent  :  a 
condition  wliich  favours  the  pi-rocplion  of  rhe  uUnLvi»lct  rujs. 
There  arc  other  entoptic  jibcnrimena  due  to  features  of  the  rctiuo. 
of  which  we  sh«U  siieak  in  treating  of  the  development  of  visual 
impulses. 

Lastly,  returning  to  dioptric  imperfections,  we  may  add  tliat 
1  he  optical  arrangententsarealBo  toa  certain  extent  imperfect  in- 
a.-4niuch  iks  the  dioptric  surfaces  are.  according  to  most  obserw^ra, 
not  truly  centred  on  the  optic  axis. 


SEa    5.     ox    SOME    (iEXF.RAL   FEATCEE8    OF  TISCA 
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§  550.  When  light  falln  upnn  the  retinft  it  pmiluceft.  under 
favoiirnlilii  circumstances,  a  change  in  our  consciousueHs  which 
vre  call  a  Memuitlon  of  light,  a  visual  ounsation.  The  immediate 
effect  of  the  light  Is  to  stir  up  ccrtaiTi  changes  in  tlto  rrtloii; 
thcHu  retinal  cliungus  give  ri»e  in  turn  to  nervuu«  vhangcs  in  tli^B 
optic  lil)r(.-s;  thi'Ki;  latter,  uliich  we  have  culU-d  'vii^nal  inipu)sca^| 
(ttart  ill  tlic  hi'iiin  il  further  neiicK  of  events,  one  «?fT«ot  »f  which 
lit  a  change  in  nur  coiiKolouiiness ;  and  it  bi  thia  change  in  our 
conscinU8neRii  which  we  call  a  Hen»atinn.  We  may,  and  often 
do,  spoak  of  light  as  a  'Htimulua'  to  the  retina,  the  result  of  the 
atimulatiun  hciiig  visual  inipulsoa;  hut  we  may  ahto  speak  of 
light  iiD  a  stimulus  to  th<;  whole  visual  apparatus,  cvntral  as 
AvcU  lu  rvtinii],  rcgurdiiig  the  si-iimilion  iis  if  it  were  the  direct 
and  iminudiute,  insicjul  nf  tii;ing  the  iiidiri:H;l  uiid  ultittuite  effect 
of  the  tttiniiihi^.  We  may.  by  ohstTvIng  certain  general  feature^ 
of  visual  seniiatinna,  Ruc;h  ax  can  lie  aHcert.tined  hy  means  of  ^M 
direct  and  simple  appeal  to  our  own  comtciousness,  study  ll^^ 
relations  which  obtain  between  the  characters  of  the  stimulus 
on  the  one  hand  am)  tho»v  of  the  sensation  on  the  other.  There 
nro  certain  advantages  indeed  in  doing  tins  before  we  proceed 
to  di|cus»  the  iKitiireof  the  clmiigcs  in  the  retina  thn^ugh  which 
rayafif  light  give  rise  t'l  vistial  iinjxilses  in  tiie  optic  librcs.  But 
in  taking  thin  conrj^e  we  iiinst  bear  in  mind  how  complex  i^t  tlie 
whole  proce.ss  through  which  the  stiniiilii.s  gives  rise  to  tlie 
sensation.  We  must  remember  that,  as  we  have  already  said, 
though  some  of  the  characters  of  a.  \ianal  sensation  an?  impressed 
upon  it  while  it  is  as  yet  immature,  as  yet  in  the  stage  of  visual 
impulses,  others  are  introduced  later  on  in  the  courve  of  the 
cerebral  changes,  ^ince  we  are  now  dealing  for  the  first  ti 
with  .seiwory  impiilses  stiitlied  in  lhi»  way,  we  may  venture 
enter  into  some  details,  for  the  deduoilons  which  may  be  dra 
concerning  visual  uensations  will  apjily  to  a  large  extent  to  otl 
scitsations. 

To  simplify  matters  we  wilt  in  the  Itrst  instance  sunpose  that 
the  luminous  object,  the  object  emitting  or  teilecting  light 
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smiill  that  the  image  of  it  on  llie  reti»a  may  be  cousiilerod  as  a 
merv  point ;  xve  may  xjit-ak  of  it  «»  a  liitnitiuus  point.  If  fur  lliu 
sake  iif  illiiHtratioit  or  olherwUe  vie  have  lo  consider  a  larger 
luniinona  ohject,  ve  ahnll  do  8o  without  regnnl  to  the  size  of  the 
itiiajC^  ""  the  retina  unless  ihU  i»  specially  mentioned. 

We  may  begin  with  the  prclliiiniarv  remark  that  in  dealing 
with  light  iis  a  stimulus  of  vtsunl  sensatiuus.  we  have  tn  coii<>icU>r 
not  otdy  the  iuteimity  of  tlie  stimulus  hut  also  its  dumtiun.  A 
Iuiniiinui«  point'  iiiiiy  appear  dim  iind  ft-ebh*,  that  is  to  Kay,  tlie 
waves  uf  light  from  it  have  a.  .siiiull  amplitude  and  so  bring  little 
energy  to  hear  on  the  retina,  or  it  may  appear  liriglit  and  strong, 
that  is  to  say,  the  waves  of  light  have  a  large  amplitude  and  so 
bring  much  energy  to  hear  on  the  retina.  Whether  dim  or 
bright,  the  himinous  point  may  aet  on  the  retina  for  a  longer 
or  a  shorter  time  ;  am),  mun'over,  during  its  (K'tiou  may  n-muin 
steady,  not  varying  in  luteimity,  or  nuiy  vnry  in  intensity  ami 
beeome  unsteady  or  fliekering.  In  estimating  the  lulul  visual 
effect  of  a  Inniinoua  jioinu  we  have  to  consider  both  these  feat- 
ureti,  its  intensity  or  brightness  and  itR  duration. 

Neglecting  for  the  present  the  feature  of  duration,  we  find 
that  II  luminous  ]ioint  must  [Kissess  n  certain  amount  of  bright- 
ness in  order  to  prodnee  any  eonsciuus  sensution  at  all.  in  order 
to  be  visible.  If  the  waveis  of  liglit  fall  on  the  retina  with  less 
than  a  certain  amplitude,  if  tiieir  energy-  sinks  In-low  a  certuiu 
mininnini,  they  fail  to  give  rise  to  viftual  impulses,  or  at  leiist  to 
sueh  as  can  affect  consciousness ;  for  we  may  suppose  that  vi.-<nal 
impulses  might  be  generated  and  yet  Ite  so  feeble  as  not  to  pro- 
duce in  the  cerobru]  centre  changes  suHiciently  great  to  an'ect 
consciousness.  It  will  be  nnderstJ)0(l,  of  course,  that  the  exact 
tiegi-ee  of  brightness  at  which  the  luminous  [Kiint  becomes  visible 
depe.mls  on  tlie  greater  or  less  irritability,  on  the  scusitiveucss, 
of  the  retina.  Tlie  sMme  amount  of  luminous  energy  which,  fall- 
ing on  one  retina  or  on  one  part  of  a  retina,  produces  a  distinct 
sensation,  may,  falling  on  a  less  sensitive  retina  or  on  a  less  sen- 
sitive part  of  the  same  retina,  produce  no  sensation  whatever. 

From  the  uituinium  onwards  the  intensity  of  the  sensation 
incri'uscs  with  the  luminous  intensity  uf  the  object ;  a  was 
candle  apjiears  brighter  than  a  rushlight,  and  the  sun  brighter 
than  any  candle  ;  we  are  dealing  now  with  the  intensity  of  the 
light  unite  apart  from  tlie  size  of  the  luminous  object.  The 
ratio,  fiowever,  of  the  sensation  to  the  slimnlus  is  not  a  simple 
one.  If  the  luminosity  of  an  object  tie  gmdually  inerease*!  from 
a  very  feeble  stage  to  a  very  bright  ouf.  it  will  be  found  that, 
though  the  corresponding  sensations  likewise  gradually  increase, 
the  iuerements  of  the  sensations  due  to  the  increments  of  the 
luminosity  gradiuilly  diminish,  un<l  at  last  an  inerease  of  the  lu- 
minosity prmlucvs  no  apprm-iable  increase  of  svusatiou ;  a  light, 
when  it  reaches  a  certain  brighlue^,  appears  so  bright  that  if  it 
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becomes  hrighter  we  do  not  recognize  that  it  is  brighter.  Hence 
it  13  much  easier  to  diatinguish  a  slight  difference  of  brightneas 
between  two  feeble  lighti;  than  thu  same  difFereiici:  between  two 
bright  lights;  wc  cnn  uiisily  tell  the  differcncv  bctwi-en  a  ruiib- 
light  luiif  M  w!ix  cnii'llvi  but  two  suns,  or  even  Iwobrigbt  lampH, 
one  of  wliich  eOTii[>iirt^il  witli  tlie  ntlier  gave  nut  jusl  lliut  aiMi- 
tioiiiil  aiiiiiiinl  of  light,  jiiKt  ibnt  iiddiliniml  quantity  of  luminous 
energy,  which  a  wax  i-andle  gives  ont  in  addition  to  that  given 
ont  liy  a  rnsblight.  would  appear  to  us  to  have  exactly  the  name 
brightnesH,  In  a  darkened  roum  an  object  placed  Ijcfore  a  candle 
will  throw  what  wv  cunstdur  ii  d<;u]j  slnuluw  un  u  uhout  of  paper 
or  any  white  surface.  If.  however,  sunlight  be  iillowed  to  fall 
on  I  be  pa)ieral  Die  hhivk  Uiiiv  fi-imi  the  opposite  fide.  I  be  ^badow 
is  no  longer  visible.  The  diffei-ence  between  the  total  light 
reflected  from  that  part  of  the  jmper  where  the  nbaduw  was, 
and  wliich  is  illununnted  by  the  sim  alone,  and  that  reflected 
from  tho  rest  of  the  pajwr  which  is  illuminated  by  the  candle 
Eta  well  06  by  the  stin,  remains  the  same ;  jx't  wu  can  no  longer 
appreciate  ibut  difTvrtsnou  bucitusu  thu  whole  surface  luia  become 
so  bright. 

On  the  other  band,  when  we  carefully  compare  tlie  visual 
scnsatioiiH  excited  by  measurable  difTerences  of  Iuntino»it.yi  we 
come  upon  the  following  remarkable  result.  If  we  place  two 
candles  so  aH  to  throw  two  shadows  of  some  object  on  a  white 
surface,  the  shadow  caused  by  each  light  will  be  illuminated 
by  tho  other  light,  and  the  rest  of  the  surface  will  Im;  illuminated 
by  both  lights.  If  now  we  move  one  candle  away  we  lihall  n-ach 
ti  point  at  wbiuli  tlie  shadow  caused  by  it  ceaso:^  to  lie  visibk-, 
that  is  to  say,  we  fail  at  this  jjoinl  to  appreciate  the  differonc« 
between  the  i^nrfiice  illuminated  by  the  near  light  alone  and  tbnt 
illuminated  by  the  near  light  and  the  far  light  together.  If 
now,  having  noted  the  distance  to  which  the  candle  had  to  l>e 
moved,  we  repeat  the  same  experiment  with  two  bright  lamps, 
moving  one  lamp  away  until  the  shadow  it  casts  ceases  to  be 
visible,  we  shall  lind  that  the  lamp  has  to  be  moved  just  as  far 
UK  the  cniidle  ;  that  is  to  say,  thu  least  difference  between  tho 
illumination  of  the  bright  lamps  wbieb  we  con  njipreciate  is  the 
anmo  as  in  the  case  of  the  dimmer  candleD.  Many  similar 
examples  might  be  given  shewing  a  similar  result :  in  fact,  it  is 
fouiKi  by  careful  observation  that>  within  tolerably  wide  limita, 
the  smallest  different^  of  light  which  we  can  appreciate  by  visual 
sensations  is  a  constant  fraction  (about  y^th)  of  the  total  lumi- 
nosity employed.  As  wc  shidl  see.  the  »ame  relation  hobls  grxtd 
with  reganl  to  the  other  senses  as  well.  It  may  b«  put  in  ■ 
general  form,  as  a  law  of  scusiition.  oft«u  cane<l  Wel«er'«  law. 
somewhat  as  follows  :  The  smallest  change  in  the  magnitude  ol 
a  stimulus  which  we  can  appreciate  through  a  change  in  ont 
sensation  always  bears  the  ^me  proportion  to  the  whole  inagoj. 
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tude  of  the  atimuIiiB.  It  mhoiiM  huwuvcr  bo  stnted  that  this  law 
hulcW  >;o(kI  witliin  cvi'tuin  liiiiitM  uiilv  ;  it  fnil»  wlieu  the  fitiiiiuliis 
is  fitluT  ahnvc  cir  liclnw  ii  ct^rtuin  range  nf  intensity. 

Hi'iifi',  if  w«  tiikt*  the  aniaUest  diffcrenre  which  we  can 
appri'i-iiile  in  ii  utinmhin  as  a  measure  i>f  our  sen.tihility  to 
(iifTcreiu'es  in  the  stimulus,  wo  may  nay  that  on  the  one  hand  in 
rt'spert  to  al>Bolute  diffiTcncBS.  such  as  that  lietween  two  lamps 
and  that  IwtWL-en  two  ruHlilijjhts,  our  iiciisibilitr  varies  inversely 
ns  the  tnajjnittule  of  ilic  Dtimulns  ;  vrv  are  mure  scnsiblu  of  tbe 
same  ahitolutc  <liPFeren('C  wlieu  that  is  a  ilifTcrencc  bctwi>cn  two 
nnihlij^hts  than  wiieii  it  ix  a  difff-renw  hetween  two  lamiw.  On 
tlio  nthtT  hiuid,  in  regard  to  relative  (lift'ereriee!*.  onr  .teii!<iliility 
i.t  indt-pendent  nf  the  uiaj,'nitude  of  the  stinnilns  ;  the  difrerence 
of  which  we  are  sensible  in  the  rase  of  the  lamp  liears  the  same 
proportion  to  the  whole  luminosity  of  the  lamp  as  the  difference 
of  which  we  arc  sensible  in  the  case  of  the  ritstilight  liears  to  the 
whole  luminosity  of  the  rushlight. 

if  551.  lU'lnriiinn  now  lo  innsider  the  dnrution  of  the  sti- 
mulu»,a«distin{iMisiifd  from  itMinlensily,  we  lind  Iliat  aslimnhis 
of  extrttnuily  brief  duration  may  ffive  rise  to  a  di.stinct  seiiKiition  ; 
the  finish  of  an  electric  spark,  tor  instance,  iit  readily  vtitihle. 
There  is  prohably  a  limit  in  respect  to  duration  within  which 
the  aiimulus  fails  to  produce  a  sensation  :  it  is  probable,  for 
instance,  that  a  certain  uumhcr  of  undulations  in  succession  must 
fall  on  the  retina  in  order  to  <;ive  rise  to  a  visual  sensation,  and 
that  a  sin<;lc  undulation  of  the  ether  fiiltiiii;  on  the  R'tina,  if  such 
a  thinp  were  possible,  would  produce  uo  visual  effect ;  but  the 
exact  limit  will  depend  on  the  intensity  and  nature  of  the  light, 
and  we  need  not  enter  upon  these  details  hen>. 

It  is  of  miu-e  iuiportanee  to  not«  that  the  visual  sensation 
caused  by  a  verv  brief  stimulus  lasts  a  considerable  time :  the 
aonsation  has  a  «luration  much  preater  than  that  of  the  stimulus. 
Tti«  sensation  of  a  flash  of  li^ht,  for  instance,  htsts  for  a  much 
)on^>r  time  than  that  during  which  lumiimus  vibratioiM  are 
fnlling  on  the  retina.  In  this  resi>eet.  we  muy  roughly  eompAre 
*  visiinl  sensation  to  a  simjde  niu-scular  contraction  cause*!  by 
imch  n  stiinulns  as  a  single  induction  .thock.  \Vemi);br  imleed 
construct  a  "  visual  sensation  curve  "  very  nnieh  after  the  fasliion 
of  a  "  muscle  curve,"  We  shouhl  find  tliat  after  a  very  obvions 
Intent  pcrio<l  the  sensation  bepan.  rose  to  a  maximum  and  then 
declined.  This  latent  iK-riod  forms  an  imi>ortant  jiart  of  the 
"  n-ftction  period,"  on  which  wc  dwelt  in  a  former  part  of  thiit 
work  (jjolo).  Aswehavesaid,  in  all  the  sensations  with  which 
we  arc  now  dealing,  we  have  to  distitignish  at  least  two  parts, 
the  peripheral  part,  the  events  taking  place  in  the  retina,  and 
the  central  part,  the  events  taking  place  in  the  brain,  the  two 
being  united  by  means  of  the  visiia!  impulses  passing  along  the 
optic  nerve.     And  within  the  latent  period  are  compriaed  the 
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dwages  in  the  tetiBK  wfaic^  1 

of  tlwae  inipalMa  aloag  the  < 
Itfsin  antecedent  to  nmaef 
these  the  retinal  cbaof^ 
into  this  point  ve  iviinot  i 

The  k-ngth  o[  the 
stimohis.  is  illastnit«tl 
very  brief  iilutDtuAtiuo. 
In  fodi  a  cum  tite  light  reflea 
generate  a  (lL4tinct  wnaalioo, 
the  o)>ject.  hut  it  ceasn  befon 
able  change  in  it«  posttton.! 
of  a  motionless  object.  AVIwi 
serenl  rupiil  Aji^Ih^  in  su(-c« 
nepouiJiug  to  thv  jMNsitionsof 
are  genenitetl ;  this.  i»  we  s 
images  nf  the  body  correitponi 
different  partA  of  the  retina. 

The  duration  of  the  stimo 
acters  of  the  si-iuuition  and  tbt 
in  iux'onlancu  with  whut  was 
Kity  of  the  stimulus;  a  brig: 
greater  and  of  lunger  ditnttia 
luwb,  the  curve  will  lie  highc 
reason  to  think,  too.  tbit  the 
the  intensitT  of  tlte  stimalus  ii 
the  maximum  begina  earlier  ai 
its  course,  is  mure  rapid  with 
xtimulus. 

^Nlivu  the  stimulus  is  nut  i 
tion  leudiiig  to  u  prolonged 
giiish  Wlwetni  that  [wrl  of 
while  the  liglit  in  still  f:Uling 
goea  on  after  the  light  has 
latter  part  is  often  Ki^oken 
light  is  very  bright  tlus  "aft« 
prominent  even  after  a  very  t 
even  for  a  moment  only,  at  th 
the  eye.  »n  inten«i  vi«iuil  sens) 
RUn,  remains  for  some  (onaidi 
cially  an  they  are  vanisliing, 
which  we  sliall  study  Inter  an 
related  to  the  fatigue  or  exbatl 
or  rather  the  whole  visual 
subjeut  to  faligne. 

('areful  olMervation  moiety 
nation  eurve  itt  not  a  sinooth 
manner.     When  the  retina 
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bright  light-,  the  sensation  alnioAt  inimediatf^ly  that  it  bits  begun 
Hiituleiily  diuiinished  nr  even  disapjieara  and  tnen  in  imuivdiately 
again  re-established. 

§  552.  From  the  prolonged  duration  of  vixuul  tiensutioiui  it 
rt^'Sults  that  whtn  two  or  more  stimuli,  such  as  two  or  more 
fliishfit  of  light,  follow  oach  other  «t  n  sulRcif^iitly  slmrt  interval, 
tlie  Iwu  HeiisatioiiTt  or  the  i^ievoral  xncct^Knive  xt^iiftations  are  fimed 
into  one  more  or  Ikks  nnifomi  senMition.  Tiiuti  a  luminous  point 
moving  rapidly  round  in  a  circle  gives  rise  to  the  sensation  of  a 
continuous  circle  of  light.  We  might,  i]]  a  xeey  general  manner, 
compare  this  with  the  nay  in  which  a  series  oi  simple  muscular 
contractions  resulting  from  rapidly  rt^poated  induction  shocks 
an.'  fused  into  a  fairly  uniform  Ic-tnnus.  When  the  stimuli 
succeed  each  other  so  ra|)itlly  that  each  sensation  begins  before 
its  pred,tteeJwor  biw  hud  lime  to  appreciably  ilecline.  the  total 
KenKHlion  is  ii8  completely  uniform  ait  if  the  stimulus  were  con- 
stant. If  th<-  interval  l>etween  each  two  stimuli  be  just  so  lone 
tJiat  each  sensation  in  turn  has  had  time  to  distinctly  diminUn 
before  the  nest  sensation  logins,  the  result  is  a  "  flickering  " : 
and  there  arc  of  ctiursu  many  tlegrees  of  dickering  between  a 
perfectly  stciidy  anil  an  t>livi(ni8ly  iiil^ermittcnf  light.  The  inter- 
val at  which  fusion  takes  place,  that  i»,  the  inlcrvnl  between 
Bucce!«sivv  stinuill  which  iiiuhI  Ih-  exceeded  in  onler  thsit  suc- 
cewive  distinct  sensations  may  Ite  produced,  varies  according  to 
the  inten.'iity  of  the  light.  Iieiiig  shorter  with  the  stronger  light; 
with  a  faint  light  it  is  about  ^  sec.,  with  a  strong  light  ^  or 
^  sec.  This  may  bo  shewn  by  rotating  rapidly  lM?fore  the  eye 
a  disc  arranged  with  .ilternatc  black  and  white  sectors  of  equal 
width.  With  u  faint  illumination,  the  lliekering  indicative  of  the 
succesiuvo  sensations  from  the  while  sectors  not  bi-ing  com- 
pletely fused,  ceases  wjien  the  rotntioit  becomes  so  rapid  that 
each  [(air  of  black  ami  white  sectors  lakes  only  .i^  *ee.  in  pass- 
log  before  the  eye.  When  a  brighter  illumination  is  n.-sed  the 
rapidity  must  l>e  increased  Iwfore  the  flickering  ilisappears ;  ibia 
is  owing  to  the  decline  of  the  stronger  sensation,  as  stated  above, 
l>eginning  earlier  and  beijig  more  rapid  thau  that  of  the  weaker 
sensation. 

§  553.  Wlien  a  lumtimus  point  excites  the  retina,  wu  recog- 
nize in  the  sensation  not  oidy  the  features  of  intensity,  duration 
and  constancy  or  steadiness,  but  also  h  character  which  is  de- 
pendent <jn  th  position  in  the  reliim  of  the  image  of  the  lumi- 
nous ])oinl.  Wi;  rei'ogni/.e  the  sensation  caused  by  a  luitiinous 
point  whose  image  falls  on  the  temjtoral  side  of  the  retiua,  as 
different  ami  distinct  from  the  seitsation  caused  by  a  luminous 
point  whose  image  falls  on  the  nasal  side  of  the  retina,  and  so 
with  other  {wsitions  of  the  images ;  indeed,  as  we  shall  see  pres- 
ently, we  arc  able  to  distiiiguixb,  to  recognize  as  different  and 
ilistiucl,  two  scusutious  excited  by  two   luuiiuuus  puitit«,  the 
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1 
ira^es  of  uliicli  lie  very  cloHe  indeed   to  each  other  on  we 

return.     We  diatiiiftuish  tin-  senaatione,  however,  not  by  refer- 

ent'o  to  the  purtit  of  thi-  riMiiiii  uffL-t'tdd.  but  by  reference  to  the 

rulntiutis  in  »imuo  of  (Ik-  luiiiiiioiiM  jKiiuts  giving'  riDU  to  ti>e  scn- 

siitioiis.    Since  this  is  a  matter  of  some  imptirtancv  we  may  treat 

of  it  iu  KOino  detiiil. 

Ill  tlie  viwt  inaiority  nf  cases  the  changes  in  the  retiim  Trhich 
eivfl  rise  to  visnal  intjiiilHeei.  and  sn  to  visnal  sensations,  are 
brought  about  by  liglit  falling  on  the  retina.  But  the  retina 
may  ne  Rtiiniilatetl  by-  other  agencies  than  that  of  light.  When 
tbiii  is  tilt"  cafie  the  uliangpH  in  the  retina.  howc\'or  ppodoced.  U 
they  are  able  to  atl'ect  consciousness  at  all.  give  rise  to  visual 
sensations,  and  to  visual  sensations  only.  A  mcclianicid  stimu- 
lation of  the  i-etina,  ns  when  nblow  is  xtruck  on  the  eye,  pro- 
duocif  a  vii«nnl  serisalinn,  a  si>n»ition  of  light ;  pressure  excne<l 
on  the  eyeball  so  as  to  produce  pressure  on  the  retina  gives  rtst 
to  visual  sensations  in  the  form  of  rings  of  light,  of  coloureti 
light,  known  as  •  pliosphenes  ' ;  and  when  the  retina  is  subjeeteo 
in  various  ways  to  stress  or  strain,  as  by  rapid  aeeoinniodation.  oi 
by  rapid  movement  of  the  eyeball  frmn  side  to  «idc,  iberv  ofter 
result  visual  sensations  in  the  fonn  of  light  of  some  kind  oi 
other,  best  iippreciatetl  when  objective  light  is  cut  off  from  th( 
retuia  and  when  the  retina  has  by  long  repose  been  renderwl 
niiusnally  sensitive-  Kleetricnl  stinnihition  also  give*  ris*  ti 
visnid  sensations ;  not  only  is  the  induced  current,  or  the  breikli 
and  make  of  a  constant  current,  thus  able  to  excite  the  retina 
but  during  the  whole  time  of  the  passage  of  a  constant  curreni 
of  adequate  strength,  even  though  it  remain  of  uniform  inten 
aity.  visujd  impulses,  and  tlius  visual  sensations,  are  being  gener 
at«d ;  in  this  respect  the  rutinu  resembles  sensory  and  difFen 
from  motor  nerves.  It  is  Ktuteil  that  when  the  enrn-nt  ii 
din'cted  from  the  layer  of  optic  fibres  to  the  layer  of  rods  unc 
cones,  the  sensation  is  a  positive  one,  a  sensation  of  light  or  ol 
■increiLsed  light,  but  that  a  current  in  the  reverse  direction  givw 
rise  to  a  negative  sensation,  a  sensation  of  diminished  light,  i 
sensation  of  blaekneaa. 

That  the  stimulation  of  retinal  atructnrea  by  other  ageob 
than  light  may  thus  give  rise  to  visual  seiisattontis  and  ajipar 
cntly  to  visual  sensations  alone,  may  be  verified  by  e\i>erimen1 
at  any  time.  The  ooeasions  on  the  other  hand  are  rarv  in  whiel 
evidence  can  be  gained  as  to  T^hether  stimulation  of  the  opti< 
nerve  apart  from  the  retina,  whether  stimulation  of  the  opti< 
fibres  themselves,  and  not  of  their  special  endings  in  the  retina 
also  gives  rise  to  visual  sensations  and  to  visual  sensations  alone. 
In  certain  eases  of  removal  of  the  eye  it  has  been  states.!  thai 
when  the  optic  nerve  was  divided  in  the  absence  of  anesthetics 
tlie  patient  "saw  a  great  light"  aceomjninied  by  no  more  p«ir 
tJum  could  be  accounted  for  by  the  fiUineuts  of  the  fifth  n< 
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which  are  di»tribated  to  the  optio  nerve  aa  nervi  nerToruin.  Such 
experiences  are  urged  iu  support  of  the  \iew  that  all  impuliies 
parsing  along  the  optic  nwrvc  howevt'r  p;ncratt'd.  ivhethei-  by 
reliuiLl  chan(^-«  or  \iy  other  means,  are  visuul  iu)pul»i-s  iiuJ  visual 
iiiipuW's  only  ;  tlitty  f:;ive  rim  to  visual  ^otuuitiotiM  hu<I  to  visual 
Hi-iiisii(i<i)]s  aloue.  Oil  the  mher  hnml,  in  otlier  caAex  of  i-viuovid 
(if  the  eye  in  tlie  abeienre  of  anesthetion,  neither  ttet^tioii  of  the 
optic  nerve  nor  suhsetjuent  stimulation  of  the  ntuiiip  ha8  given 
rise  to  visual  sensations,  We  shall  return  to  this  question  later 
on  when  wo  have  to  s]>enk  of  what  is  known  aa  the  "  specific 
onerfry  of  UL-rvwi."  and  have  only  referred  to  it  incidciitJiUy  now. 
§  5M.  Visual  semulioiis  ihrn  may  Im  produced  in  miitiy  other 
wnys  thun  by  the  falliuu  of  Hght  on  the  retina ;  Miid  Ihe  point 
to  which  we  wttdi  to  call  attenlton  now  in  tliat  we  are  nimble  to 
(licttiii^uiHh  a  ttensation  thuii  produced  from  the  viKual  ^ni«atton 
produced  by  light  itself.  W  e  cannot  by  the  help  of  the  mere 
sensation  alone  recognize  the  nature  of  the  agency  which  has  pro- 
duced the  changes  in  iIh'  retina  giving  rise  to  the  sensation.  The 
identity  of  sensations  due  to  nieehauieal  stitnulatiou  with  those 
due  to  luiuiuous  slininlation  may  W  illui<lruted  by  tlic  story  of 
the  witnaw  in  a  OK»e  of  a^siuilt,  who  Hwore  that  lie,  in  ihe  dark, 
recognized  his  ai^sailant  by  help  of  the  thuih  of  light  produced 
by  a  blow  on  his  eye.  since  light  emitted  or  reflected  from 
externa]  ohjectji  is  tne  normal  stimulua  for  visual  sensations,  all 
our  visual  sensations  seem  to  us  to  he  produced  hv  rays  of  light 
proceeding  from  external  objects  ;  we  look  for  their  cause  not 
in  tiK-  n-tina  itself,  but  in  the  vxtemiil  world  ;  and  when  we  wish 
Ui  know  why  wc  have  felt  the  seuKalion  of  a  flsish  of  light,  we 
ignore  tJie  retina  and  xeek  at  once  in  the  external  world  for  8ome 
aource  of  the  rays  of  light  corresponding  to  the  sensation. 
Hence,  aim.  when  in  a  particular  part  of  the  retina,  in  a  spot 
for  insunce  on  the  nasal  side  of  the  right  eye.  elianges  take  place 
such  as  would  be  produced  by  the  image  of  a  lutniiiuus  point  fall- 
ing on  ttuit  spot,  though  we  rec(>giiii;c  (lie  seuMUtion  which  resultii 
fts  having  a  certAiii  feiilure,  owing  to  it.s  being  started  in  that 
pnrtieuhir  »]H>t,  we  do  not  through  tlie  sensation  learn  anything 
stmut  the  retina  itaelf,  we  do  not  through  it  recognize  that  the 
naaal  si<le  of  the  retina  or  anv  particular  spot  in  tJie  nasal  si<ie 
baa  been  affected  s  what  we  Jo  recognize,  or  infer,  is  the  exist- 
ence in  the  external  world  of  such  a  luuiiuous  point  as  would 
give  rise  to  the  sensation  in  question.  The  dioptric  arrange- 
meuts  of  the  eye  are.  as  we  have  seen  (§  />-!^).  siicn  that  a  liuni* 
nous  jtoinl  ill  order  to  give  rise  to  an  image  in  the  sjtot  to 
question,  and  ho  to  the  aenaation  in  question,  must  occupy  a 
particular  position  on  what  we  call  the  right-hand  side  of  the 
external  world.  We  accordingly  recognize  the  sensation  as  liav- 
ing  been  eaimcd  by,  or  refer  the  M-nsation  to,  a  luminous  point 
having  that  pofeitiuu  ou  our  right  luiud.     And  nu  with  the  seiisa- 
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tions  Bimil»rlT  generated  in  all  other  spatti  in  the  retina ; 
recognize  them  an  canned  by  liiiiiinoU8  ]iointii  occii|ijting  sucb 
positions  in  the  external  world  that  their  images  fall  on  those 
spots.  In  cafli  case  we  ignore  tins  ri-tina  itself,  and  tlie  cbangea 
taking  place  in  it  arv  tti  lis  sitiiplc  tokens  of  luminous  ovvqIe  in 
the  external  worUl.  When  with  the  right  eye  we  s*x"  a  luminous 
point  on  our  right-hand  side,  if  we  know  thnt  cbungc«  nre  taking 
place  on  the  nn^l  »ide  of  the  rettmi  of  that  eye,  it  is  not  bemiw 
we  are  dii-ectly  aware  that  lite  niL-tal  part  of  the  retina  i«  b^ng 
affected,  hut  liecansw  our  knowleilge  of  ihe  dioptries  of  the  eve 
teaches  un  that  the  image  of  tlie  luminoiift  point  is  falling  on  the 
nasal  side  of  the  retina.  If  we  are  suffering  from  right-sided 
hemiopia  (§  49T)  all  that  our  Bensutions  ean  of  themselves  tell  tu 
a  that  we  eaniiot  see  things  on  the  rtght-himd  side  ;  they  do  not 
tell  u^  iinvthing  shout  the  retina  itself ;  they  caiinut  even  tell  us 
whetiier  Uie  defldency  of  vision  i»  thie  to  changes  failing  to  be 
set  up  in  tlie  retina  or  tf>  the  cerehnil  eentteit  failing  to  Im>  affected 
hy  the  retinal  changes ;  such  questions  we  have  to  decide  hy 
some  other  means  tlian  a  simple  examination  of  our  sensation^ 
and  by  a  similar  roundabout  way  only  are  we  abio  to  conclude 
that  in  such  a  hemiopia  it  is  the  uaaal  side  of  the  right  retina, 
and  the  temporal  side  of  the  left  n-tina,  which  fail  to  give  rise  to 
visual  sensations.  Our  sensations,  in  fact,  tell  us  of  themiielves 
nothing  ahout  the  optical  image  on  the  retina  ;  they  do  not  tell 
us  whetiier  the  retinal  image  bt  inverted  or  no  ;  the  fa^^t  that  (lie 
retinal  image  is  an  inverted  one  does  not  in  itself  influence  our 
Tiflual  sensations,  and  hence  the  inversion  needs  no  correctio: 
our  part. 

§  555.  Aa  we  have  just  said,  if  the  images  of  two  liun' 
objeets,  two  lumiuous  points  fall  on  the  ix-1  ina  at  a  certain  dis- 
tance apurt,  the  coiiseijnent  sensations  are  di.'<linrt.  If.  howver, 
the  two  objects  are  nnnle  to  ajijiroaeh  each  other,  a  point  will  be 
reached  at  which  the  two  sensations  are  fused  into  one.  Two 
stars  at  a  certain  distance  apart  may  he  seen  distinctly  as  two 
stars,  while  two  stars  nearer  each  other  appear  to  be  one  star ; 
we  cannot  aualyui  the  latter  sensation  uito  iU  constJtaetit 
parts. 

Similarly,  when  the  images  of  a  nurnher  of  himinnu.'*  points, 
of  equal  luminosity,  fall  on  the  n-tlna  sufiiciently  near  each 
odicr,  the  effwt  iit  not  a  number  of  sensations  of  luminous 
points,  but  one  sensation,  that  of  a  luminous  surfaee.  This 
introduces  a  new  feature  of  visual  sensations,  luimely,  that  of 
sise.  If  the  luminous  points  be  few.  »u  as  to  involve  a  amall 
arett  of  the  retiniu  the  sensation  is  that  of  a  smail  surface;  if 
the  luminous  [xjints,  equally  near  to  each  other  as  liefore,  l>e 
numerous,  so  as  to  involve  a  large  area  of  the  retlnn,  the  sensa- 
tion is  that  of  a  large  surface,  Moreover,  such  a  semsntion  of  a 
surface  will  be  referred  to  some  position  iu  space  correspond 
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t»  we  have  just  seen,  to  the  reeion  of  ths  retina  affeoled,  and 
will  poasi'ss  feiitiires  (Ifrlerminetl  by  the  relative  po.iitiini.-*  of.  thai 
is.  by  tbo  ligurc  furmcil  by  the  himinouH  poiiito  ;  it  wilt  Ik>  the 
sensation  of  u  aiirfui-e  uf  a  I'l-rtuin  fm-in,  ronnd,  squiti-e  or  the  like : 
thiiE4  tilt!  reiiiiitl  aix-n  stimiilutt'il  »)i)>pli(^!S  diitii,  which  arc  useil. 
in  a  manner  whir;h  w«  sliall  study  later  on,  for  judging  thu  size 
and  form  an  well  a^t  the  pnttition  of  vimble  objects. 

Wh«n  the  images  of  two  luminoiiR  pninta  are  at  a  i-ertiiin 
difittuicu  apart  on  the  retina,  the  two  sciuuitiona  may  have  no 
Bppreoiahlu  efftrft  whatever  on  each  other ;  hut  when  they  an^ 
wilhin  a  uvrtiiin  disluiicv  from  each  other,  the  HenHatioiiH  do 
oftt^ti't  fuoh  ollior.  in  a  in)iitni-r  witich  wo  shall  study  later  on. 
Mennwliile  we  will  merely  wty  that  wlmn  two  images  approach 
HO  closely  that  the  two  HonsHlinim  hewiiie  fused  into  one.  such 
a  mutual  intluenee  is  exerted  that  the  iiileiiNity  of  thf  lotal  st-n- 
nation  produced  is  (greater  than  tliat  of  either  of  the  Aeiisations 
caused  by  a  single  image,  though  lewi  thnn  the  sum  of  the  two. 
A  nuralxT  of  luminous  points  scallcred  over  a  wide  nurfaoe 
would  apjjcar  each  to  have  a  certain  brightness:  each  would 
give  rise  tu  u  sensation  of  n  certain  iulvnsity.  If  they  were  all 
gathered  into  one  Hjiot.  that  spot  would  nppuiir  hri;;htcr  than 
any  of  the  previous  poiutti ;  the  iuteusity  of  the  Mentation  would 
be  greater. 

§  556.  T/if  rf'jion  ofJigtinct  vmon.  The  distance  at  which 
two  images  mu!<t  lie  ii]iart  from  each  other  in  order  that  the  two 
fiens:ttioiis  may  l>e  8e|iarate  is  not  the  same  for  the  whole  area 
of  the  retina.  If  two  lumiuoiut  points  lie  near  the  optic  axis,  so 
that  their  images  fall  on  the  fovea  centralis  or  on  the  yellow 
RIKit,  they  will  be  sc4^'U  us  two  distinct  iM)in(s,  even  when  their 
iniages  Vw  wry  close  indeed  to  each  other.  If  the  lintiiuou« 
points  he  moved  aside,  no  that  the  images  fall  4in  the  retina  out- 
iidn  the  yellow  spot,  the  two  luminona  pninta,  though  at  the 
•ame  distance  apart  from  each  other,  will  give  riae  to  one  sen- 
mtion  only,  and  l>e  seen  as  one  point ;  th<ry  may  ho  moved  even 
farther  apart  from  each  other  and  still  give  rise  to  one  sensa* 
Hon  ;  and  if  the  two  points  be  pliK-ed  so  much  on  one  side  that 
their  respective  images  fall  on  (lie  vxtreme  peripheral  parts  of 
the  retina  near  the  oni  sernita.  the  two  iniaj^es  may  be  >K'|M»nUed 
from  each  other  »  verj-  eonsidenihie  diMtance  and  yet  give  rise 
to  one  sensation  oidy.  We  may  vary  the  experiment  by  making 
uae  of  a  negative  itenaation,  and  take  two  black  dots  on  a  white 
sarfaee  only  just  so  far  apart  that  they  can  he  seen  distinctly  aa 
two  when  placed  near  the  axis  of  vision  so  that  their  images  fall 
on  or  near  the  fovea,  ami  then,  keeping  the  axis  tixe<l.  move  the 
two  [H>int4  outwards,  so  that  their  images  travel  outwards  from 
the  fovea  ;  it  will  be  found  that  the  two  sikhi  ai>[>ear  us  one. 
The  two  sensations  l»eiHjme  fused,  as  Ihev  would  do  if  brought 
nearer  to  each  other  in  the  centre  of  the  field.     The  fartner 
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away  from  the  centre  of  tlio  fiultl,  tlie  farther  apart  luiut 
poiatH  be  in  onier  they  may  he  seen  an  two. 

It  is  obviouH  that  the  more  8hai'[ily  we  can  (ii.tiin^Ub  1 
scviTiil  Kuiisutions  proihicpd  by  the  imageii  of  the  M>venil 
of  whiL-h  any  L-xttTiial  object  may  be  suppoeed  to  l>e  made  up. 
iht"  mor«  (IiHtinct  will  bu  our  vision  of  tho  object.  In  the  (ovw 
centralis  uiir  powijr  of  thus  distinf^uijiliiu};  si-iuuUiuui;  is  at  it« 
maximum ;  in  the  uulur  ]iii.i'tM  of  thv  yellow  Hjxit  nrouiiii  tlie 
fovea  it  in  leHs;  jiit^it  oiiL-<itiu  the  yellow  spot  il  is  miivh  lew; 
ami  thence  (limini.-<ht>it  more  gradually  towards  the  jieriphery  of 
the  retina.  Hence  we  speaE  of  the  fovea  centntlis.  incliHling 
more  or  less  of  the  whole  yellow  spot,  as  the  "regiuu  of  distiuct 
vision ;  "  unci  when  we  wish  to  examine  closely  the  fcalurw  of 
an  oxtvrnivl  ubjvct,  wv  so  direct  the  eye.  wo  no  *look'  at  the 
object,  that  itt  imiifri'  fnUs  lu  far  a»  po:isibl«  on  the  fovea 
oentralis.  Ttie  diniJiitition  of  distinc-tuess  due;*  not  lake  plaoe 
equally  from  the  centre  to  the  i.ireumfei'enoe  along  all  meri- 
dians. The  outline  iloRcrihed  by  a  line  uniting  the  points 
where  two  spot^  at  a  certain  distance  apart  cease  to  be  seen  uni 
two  when  moved  along  different  radii  from  the  L-oatru.  is  a  i-ery 
irroipilur  figure ;  it  differs  very  much  in  different  iudividuaU ! 
is  often  not  the  same  in  the  two  eyes  of  the  xiiiiie  person,  and 
doe.-«  nut  nccessiirily  Borrespond  to  thu  figure  of  "the  tield  ot 
viuion"  to  which  wo  shall  Inter  on  r^-fer.  We  may  add  that  the 
power  of  diKtiugtiiHliin^  two  puints  in  the  periphenU  parts  of  the 
retina  is  much  increased  by  practice. 

As  we  have  just  said,  when  we  look  intently  at  an  object 
anch  as  a  star  in  the  heavens  wo  so  direct  tlie  eye  tliat  the  tnMtge 
of  the  object  falls  on  the  fovea  centralis.  In  the  caiw  of  most 
people,  two  stars  so  looked  at  apjicar  to  hocome  one  when  the 
itngle  subtended  by  the  distance  between  Ihein  tfecomett  less  than 
60  seconds  or  one  minute ;  when  Ihey  are  nearer  than  this  the 
two  sunsittious  become  one.  .And  similar  measurements  are 
obtained  when  other  images  are  made  to  fall  on  the  fovea,  such 
as  those  of  parallel  white  streaks  on  a  black  ground  ur  black 
streaks  on  a  white  ground.  In  the  case  of  an  acute  anil  irainud 
observer  thiH  minimum  distiincc  may  bo  ilinunished  to  50  seconds; 
in  many  cases,  on  the  other  hand,  it  is  not  less  than  7^  seconds 
and  may  bo  more.  Now  the  distance  l>etween  two  points  sub- 
ti»ndvd  by  an  angle  of  .50  seconds,  corresponds  in  the  diagram- 
malie  eye  (§  627)  U>  a  distance  of  ^-(Jo  /i  in  the  retinal  image, 
and  of  73  seconds  to  5*36  /t.  llencQ  In  thw  fovea  centntlis  the 
elententA  of  the  retina  excited  by  light,  must  lie  'i-Co  /i  or  H-iG  n 
apart,  or  in  round  numbers  alfout  -I  /«  a(uirt,  in  order  that  the 
two  sensiitions.  excitod  at  the  same  time,  may  remain  distinct. 

In  the  periphery  of  the  retina  the  diatanco  must  be  moeh 
greater ;  thus  at  the  extreme  periphery,  two  black  dots  distant 
apart  about  16  mm.  viewed  at  a  distance  of  20  OOL  And 
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fore  giving  a  distance  of  more  Clum  u  millimeter  in  the  retinal 
iiaage,  aru  still  Heeii  an  oii«  point. 

f  S57.  In  aicoriianoe  with  tlit5  above,  we  may  suppose  the 
retina  to  l>e  divideil  into  areas,  atimulittion  of  the  retina  within 
which  jjivcs  riNc  ti>  a  single  Bensation ;  we  mi^lit  speak  of  these 
as  visual  areus.  iittd  uf  tliu  stimulatiuu  uf  a  visual  urea  as  a  eensa- 
tiuual  unit.  Thi;  ureas  aru  very  smuU,  and  tliu  sewuitiuual  units 
very  numerous  in  thu  fmen  centralis  nntl  ye lluw  spot ;  the  areas 
nre  larger,  uiid  the  siHtisalionul  units  fnwer,  over  the  rest  of  t)ie 
retina,  ini^rtiasingl v  so  towards  the  periphery.  The  smaller  or 
larger  the  areas,  the  more  nunierouH  or  fewer  the  sensational 
units  in  any  retina  or  in  any  port  of  a  retina,  the  more  or  lean 
distinct  will  bo  the  vision. 

Now  in  the  human  eye  oO  cones  may  he  count4.'(]  along  a  line 
of  200  /i,  in  length  drawn  through  the  centre  of  the  yellow  xjjot ; 
this  would  give  t  ^  foi'  the  distttnee  Wlwei-n  iho  centres  of  two 
luljoining  ewncs  in  the  yellow  spot,  the  avpnige  diameter  of  a 
cone  at  its  widest  part  Itein^  here  aWmt  'A  /i  and  there  Iteing; 
alight  intervals  Iwtween  neiglihouring  cones.  Hence  if  we  take 
the  centre  of  a  cone  as  the  centre  of  an  anatomical  retinal  area, 
these  anatomical  areas  correspond  very  fairly  in  the  region  of 
distinct  vision  to  the  physiological  visual  areas  just  spolceu  of. 
If  two  points  of  the  retinal  image  are  less  than  4  ju  apart,  they 
may  both  lie  withlii  tlie  area  of  a  single  cone;  and  it  is  just 
when  ihey  arc  les^f  than  about  4  /*  apart  that  ihey  ocaMe  to  give 
rise  to  twii  diNtiiicC  sensations.  It  must  l)e  remeniliered,  how- 
ever, thai  the  fusion  ur  distinction  of  tlie  sensations  is  ultimately 
determined  by  the  brain.  'I'he  retinal  area  mtutt  l)e  carefully 
diatingiiished  from  tlie  sensational  imit.  for  the  sensation  is  a 
process  whose  arena  stretches  from  the  retina  to  certain  parts 
of  the  brain,  and  the  circuniscnption  of  the  sensational  unit, 
though  it  must  begin  as  a  retitud  area,  must  also  be  continued 
as  a  cerebral  area,  the  hitler  corresponding  to.  and  being  as  it 
were  the  projection  of,  the  former.  Two  points  of  the  retiuul 
image  less  than  4  /t,  ajturi  might  lie  both  within  the  area  of  a 
single  cAne :  but  the  reason  why,  under  such  circumstanees.  they 
give  rise  to  one  sensation  only  is  not  because  one  cone-tihre  only 
18  stimulated.  For.  two  points  of  a  retinal  image  might  lie,  one 
on  the  area  of  one  eone  and  another  on  the  area  of  an  adjoining 
cone,  and  still  be  lewi  tlian  4  /i  apart ;  in  such  a  case  two  cone- 
fibres  would  be  stimulated ;  aniLyt>t  only  oue  aeosatiou  would 
be  produced. 

In  the  ease  where  the  two  poinla  lie  entirely  within  the  area 
of  a  single  cone,  it  is  exceeifingly  probable  tliat.  even  if  the 
adjacent  cones  or  cone-tibres  in  the  retina  are  not  at  the  same 
time  stimulated,  impulses  radiate  from  the  cerebral  ending  of 
the  excited  cone  into  th«  neighbouring  cerebral  cn<)inga  of  the 
neighbouring  cunus;   in  other  words,  the  Kensation-nrea  in  the 
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braiu  <1(H'«  not  exactly  corrL'»i)>oii<l  to  and  U  not  sliarjiU'  defined 
liku  tilt-  ri^liiiul  itruii,  Wt  ffriKlutilly  ftuU's  awtiy  inlu  iiui<;lilMiiiri]>e 
«cn»iilioii*aivii8.  We  nwy  iiiiii]*tiie  two  poiiilH  of  llic  rctiniu 
imiij^e  Ki>  fill'  iijiarl  llmt  even  the  extreme  iniirgins  of  their  re* 
speelive  i-ereVjial  sens.it ion-areii-i  il(i  tint  tnneh  ear^h  otlu-r  in  the 
least ;  in  such  a  ea«e  there  can  be  no  doitht  about  the  two  [tointti 
giving  rise  to  two  Hensations.  We  might,  however,  imagine 
ft  second  case  where  two  points  were  just  so  far  ujuirt  thai  tlieir 
respective  sctisution-arcas  should  L-oiik-sce  ut  thvir  margins,  and 
yet  that,  in  piissing  from  the  t'fiitri^  of  oiii^  Mi-iisiition-ureii  totho 
centre  uf  the  other,  we  sliunhi  lind  on  examiiiation  it  consider- 
ivble  full  of  M>nsntion  nt  the  junction  of  the  two  ar<>ax;  iin<l  in 
a  third  case  we  might  imagine  the  two  centres  to  l>e  so  clwe  to 
each  other  that  in  passing  from  one  to  the  other  no  appreciable 
diminution  of  sensation  could  be  dLicovered.  In  the  last  caao 
there  would  be  but  one  senaation.  in  the  second  tlicru  might 
still  he  two  sensations  if  the  marginal  fall  wuro  great  enough, 
even  though  tlic  Hrc!t8  partially  cmileseed. 

That  tlie  ultiuuiti?  ilitFereiitiatioii  of  the  sensnliotw  rest.*  with 
the  brain  in  still  more  eknir  iti  the  case  of  sensations  sttirK^l  in 
the  periphery  of  the  retina ;  two  points  of  a  retinal  intage  might 
stimulate  two  cones  a  considerable  distance  ajmrti  or  several 
cones,  to  say  nothing  of  the  intervening  rods,  might  be  stimu- 
lated, and  yet  one  Bciisatioil  only  rcjiult. 

Thus,  the  distinction  or  fusion  of  visunl  sensations  is  ulti- 
mately determiui>d  by  the  liispii.silioii  Mn<l  condition  of  the  cere- 
bral centres.  Hence  the  pnssibility  of  increasing  by  exercise 
tlte  faculty  of  distinguishing  two  sensations,  since  by  use  tho 
cerebral  sensation  •areas  become  more  and  more  differentiated, 
though  the  mosaiir  of  rods  and  cones  fixes  for  the  power  of  dis- 
crimination of  each  individual  a  limit  beyond  which  exercise 
cannot  carry  improvement.  Tins  effect  of  exercise  is  however 
sbewu  in  touch  even  more  strikingly  than  in  sight. 


SEC.  6.    OX  COLOFK   SEXSATIOSS. 

§  558.  The  fieii!iatioi]  excited  by  a  luminotiH  point  posaesses 
ttDl  Mioihei'  vhiirat^tur  bc«i(Ivs  tliosu  of  intensity.  Munition,  coii- 
Btaney,  ami  lucuUxuliou,  uamcly  tliv  oiiu  wliicli  wu  spcuk  uf  us 
colour. 

When  we  allow  Himliglit  reflected  fi-oin  a  white  cloud  or  from 
a  sheet  of  white  jinper  to  fall  into  the  eye,  we  have  a  tientution 
which  we  call  that  of  white  light.  When  we  look  »t  the  same 
light  through  a  priwiii  and  allow  difTcrout  parts  of  the  spectrum 
to  fall  ill  Mucifssioii  into  the  oyc,  we  have  a  scries  of  sciisation8t 
ditlerin;;  in  chuructcr  from  the  seiisutiou  of  white  lij^ht  ond  from 
each  otht;r;  tltt^se  we  call  'colour  xeiiKatioiiis'  (tciuuitioiu  of  rc<l, 
yellow,  and  the  like.  In  the  hitter  vtise  the  luininonit  unduln- 
tiona  are  dispersed  in  a  linear  series  according  to  their  wave- 
lengths, fi-ora  the  short  waves  of  the  extreme  violet  ti>  the  long 
waves  of  the  extreme  red ;  and  we  learn  from  the  spectrum,  on 
the  one  Iiand.  that  undulations  having  different  wave-KngthH 
produee  different  sensations,  and  on  the  other  Iiand  that  uiidulu- 
tions  haviiif;  wavv-lcugths  longer  than  that  of  thu  tixtneme  reil, 
about  \  Tt)0,i  or  shortvr  tliau  tliul  of  the  extreme  violet,  about 
X  -i'M,  are  unnhle  to  excite  the  retiiiti  jtiid  are  therefore  invisible. 
When  we  look  directly  at  u  white  obieet  all  thin  dixfiersion  is 
alisenl,  and  the  retina  in  excited  at  tlie  same  time  by  undula- 
tions of  all  the  above  wave-lengths.  A  sensation  of  'colour' 
then  is  a  sensiitioa  evoked  by  undulations  of  particular  wavu- 
Icngtbs.  a  sensation  of  ■  white '  is  the  senaatiou  which  n-«ulta 
wheu  tho  retina,  or  u  part  of  it,  is  siitiultanvously  excitvd  by 
undulations  of  all  wuvedengthit  which  are  wble  to  affect  it,  that 
is  by  the  whole  visible  speclrnni.  W'lien  we  direct  our  eyes  to 
an  ohject  in  »uch  a  way  th^l  thtr  niys  nf  light  proceeding  from 
it  might  fall  on  the  retina  when  wo  bring  the  onject  within  our 
field  of  vision,  and  yet  experience  from  it  neither  any  sensatioB 
of  white  nor  any  of  the  various  colour  sensations,  we  call  tha 
resulting  affection  of  consciousness  a  sensation  of  '  black.'  vre 
My  that  w«  see  'black.'  Sometimes  the  word  'colour'  is  con- 
fin«d  to  the  seBsations  other  than  thoife  of  whiUt  and  Muck,  soiue- 
UmM  it  IB  used  to  comprise  these  two  sensationit  as  well. 

*  %  tIfftiSM  a  millioiith  r>f  a  miUiuugtet  or  -001  ^. 
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MIXING  OF  COLOfRS. 


When  vrc  examine  the  spectrum  we  are  nbli?  to  pereA 
verj-  lu-ge  iitimlter  of  different  colours,  we  exiivrimoe  m 
tu<l«  of  eeimalioiki.  no  two  of  which  are  exavtl^v  alike, 
■re  certain   broad   differences  which  we  expre«8   bj  < 
uaines,  such  as  red.  omngc,  rcllow  and  the  Uke.      But 
go  ranch  further  than  this.     If  no  take  any  part  of  the 
tmm.  the  ^ct^n  for  instance,  we  find  tliat  a  very  ali^t 
in  the  wavg-lcnglh  producv«  »  change  in  the  chanKtcrof 
sentttion.     For  eouveuience*  ttake  we  call  a  whole  group  of 
sations  ?reen  ;  but  we  are  ohli;^  to  ailroit  Iliat  then*  am. 
kimU  of  graeu.  several  dUtinct  kindit  of  iiea»atti>ns  tho 
n<jt  [H}tK<rw*  iMiiioH  for  all  of  them  :  a  trained  eye  will 
thut  within  the  green  of  the  spectrum,  the  itenxatiim 
by  one  )>art  ia  a  different  sensation  from  that  pnxlurnl 
adjoining  part  differing;  in  n'ave-len^h  from  the  former 
exceedingly  small  aniouut.     The  same  is  the  case  with 
parts  of  the  spectrum.     An<l  in  general  vev  mar  say  that 
change  in  the  wavvlenglh  will  produce  a  rhun^  in  the 
tion,  80  that  we  might  iipeak  of  alraodt  each  wav«-lengtb  i 
docuq;  a  sejiiinite  i^-n.'tatioii. 

On  the  other  hand  we  alao  easily  recognize  tliat  tb« 
tions  produced  by  the  spectrum  are  not  all  wholly 
some  are  allied  to  others,  and  that  in  some  cases  one 
is  interrocdiato  between  two  other  sensations  and 
the  nature  of  both.  We  rccognixa  the  M-nsation  produeed 
the  part  of  the  si>ectrum  lying  Ix-tiA'ecii  tl»e  ffrcen  and 
yellow  as  partaking  on  the  one  hand  of  tlte  natnn  o( 
seuwitiou  of  green  and  on  the  other  hand  of  yellow,  and 
it  yellowish  green  or  greenish  yellow ;  we  similarly  natgt 
a  greenish  blue  or  a  bluish  green,  and  so  on.  This  ekb^ 
that  our  colour  sensations  are  in  reality  mixed  aenaaliofub 
the  multitude  of  different  sensations  to  which  the  qiecti 
gives  rise  arc  brought  aI»oiit  not  by  each  wave-length  p 
rise  to  a  s<^'|^>arute  nml  iiideiH'udeiit  »eiis»tii>n.  but  by  meSBi 
a  certain  smaller  numl>er  of  primary  senKttion^  excited  in 
ferent  ilfgrees  by  different  wave-lengths  and  mixed  in  m 
proportions. 

$  599.  'iliis  view  Is  con6nned  when  we  study  In  a 
matic  manner  the  results  of  mixing  or  fusing  together 
seosatioQS. 

The  best  method  of  fusing  eolour  wnsations  ts  tW 
allowing  two  different  parts  of  the   K|ieetrum  to   fall 
same  part  of  the  retina  at  the  same  time.     We  may  al 
u«e  of  sitrfooefl  colouretl  with  pigments,  but  in  dtane  w 
must  1)e»r  in  mind  the  nature  of  the  colour  of  pigments- 
pigment  j>a'«4es8es  colour  because  when  white  light  fall* 
It  some   of  the   rays  are  absorbed  while  others  are     *" 
Thus  gamboge  absorbs  the  bluv  rays  very  largely  as 
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ft  alight  tixtoiit  the  red  rave,  but  reflect*  tlie  yellow  rays  aiiil 
with  tlu-sf  miitiv  of  the  ^reen  rays  ;  iniligo  on  thv  otliur  hand 
uljsorbs  the  rea  aiid  yellnw  but  rellcct»  the  blue  anil  ii  eoud 
tlwil  uf  the  green.  Iletice  wlien  we  lixtk  nt  a  yellnw  }>itinooge 
jiiitch  our  retina  is  exi-itcd  not  by  those  rays  alone  whiih  form 
llie  yellow  of  the  8|K'ctrum.  but  by  many  other  niys  us  well  ; 
the  colour  ia  not  »  •  pure '  colour,  doc«  not  correspond  to  one 
(if  the  coloura  of  the  iiiici.-trum.  hnl  is  n  mixture  of  more  than 
one.  And  this  i«  the  cuite  with  tiiusl  pifpiRmtH  ;  hence  wlicu 
they  arc  emjiloyed  in  experinientt<  on  the  niixturu  of  itcnsii- 
tions,  diflloultie*  and  even  errors  arise  which  are  avoided  hy 
the  use  of  the  colours  of  the  prism.  We  may  here  iiii'idenlally 
remark  that  mixins  the  sensations  escited  l>v  looking  at  pift- 
iiientA  pivea  very  cTiflfercnt  results  from  mixing  the  pigraents 
themselves.  Thus  wlien  gaiubogo  and  indigo  are  mixed  the 
mixture  is  green  iK-eause  the  inimlioge  absorbs  the  blue  and 
the  imligo  absorbs  the  i-ed  and  yellow,  while  both  reflect  the 
green.  We  »hall  see  presently  thut  when  the  sensation  exeited 
by  gamboge  is  mixed  with  the  sensatiim  exeite<l  by  indigo  the 
result  ix  a  nensation  not  of  green  but  of  white  ;  and  we  «hall 
see  why  this  is.  What  we  have  just  said  with  regard  to  snr- 
fanefi  coloured  with  pigments  applies  also  to  glasses  stained 
with  pigment,  it  being  understootl  that  the  colour  of  stained 
glass,  seen  as  il  transparent  object,  eorrcsponils  to  the  rayg 
which  it  does  not  absorb.  When  pure  pigments,  i.e.  pigmentii 
corresponding  as  elosely  as  possible  to  the  pmmatie  colours, 
are  used,  satisfactory  results  may  be  gained,  either  by  using 
the  reflected  image  of  one  pigment,  and  arranging  tio  that  it 
falls  on  the  retina  at  the  same  spot  as  the  direct  image  of  the 
other  pigment,  or  by  allowing  the  image  of  one  pigment  to  fall 
on  the  retina  before  the  sensation  produced  by  the  other  haa 
passed  away.  The  tirnt  result  is  fa»ily  refiehed  by  the  simple 
method  of  placing  two  jiieces  of  ct.ikuired  pn|wr  a  little  dis- 
tance ajiart  on  a  tnblv,  one  on  each  side  of  a  glass  platv  in- 
clined at  an  angle.  Kv  looking  with  one  eye  down  on  the 
glass  plate  the  reflected  image  of  the  one  paper  may  lie  made 
to  coincide  with  the  direct  image  of  the  other,  the  angle  which 
the  glass  pbite  makes  with  the  table  being  adjusted  to  the  dis- 
titnee  between  the  pieces  of  paper.  In  the  second  method,  the 
'colour  top"  is  used  :  sectors  of  the  colours  to  be  investigated 
are  placed  on  a  diMc  made  to  rotate  veni'  nijiidly,  and  the  image 
of  one  colour  is  thus  brought  to  bear  on  the  retina  m  «ooii 
after  the  image  of  another  that  the  two  sensntions  are  fused 
iuto  one. 

^  5fiO.  When  by  any  of  the  above  methods  sensations  corre- 
sponding to  the  red  and  yellow  of  the  spectnim  are  mixed 
together  in  certain  proportions  the  reauU  is  a  sensation  of 
orange,  quite  iudtstinguinhable  from  the  orange  of  the  tsyeo- 
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nay  fioin  \  j>25  to  \  53»;  no  ruys  Lut  these  are  nlTectine  tko 
retina  at  the  time,  unit  tlie  result  U  the  ^enHation  whicn  we 
rail  spectral  green.  Ittit  we  might  easily  ao  arrange  matters 
that  a  certain  aniotint  of  white  tight,  that  in  of  light  of  all 
wave-lengths  of  the  visible  spectrnni.  tOioultl  fall  ou  the  area  in 
question  at  the  same  time  that  the  green  is  fulling  uptfti  it ;  the 
ri'Hiill  would  be  ii  mixed  setiiialion.  it  seusatioii  of  speL-tral  green 
mixed  with  the  sensutiun  of  white,  and  wu  should  recognize 
this  Henxution  m  tlilTcrent  from  the  senKatiou  of  ttpeofral  green. 
Kurlher  by  varying  the  proportion  of  whii*  to  gi-een  falling  on 
the  area  in  question  at  the  same  time  we  cilioulr)  have  a  whole 
series  of  different  HensatinnH  from  a  green  in  which  there  was 
hardly  any  white  to  a  white  in  which  there  was  hardly  any 
green.  In  such  a  series  of  colour  aensatiouB  wc  recognize  a  hue 
supplied  by  the  spectral  colour,  and  wu  use  the  phrase  more  or 
lees  "  sntiirated  "  to  uxprcwi  the  proportion  of  white  light ;  when 
very  litlle  white  i»  present,  we  s|H-4k  of  the  colour  lut  being 
highly  Haturuted.  It  need  hardly  he  said  that  not  only  indi> 
victual  t<peetral  enlour^  lint  all  mixturea  of  tliese  also,  may  be 
thua  "  mixed  with  white." 

Again,  taking  a  given  area  of  the  retina  we  may.  on  the  one 
hiind.  tliruw  on  to  the  area  a  small  amount  of  a  ii]iectral  colour 
iu  such  a  way  that  all  the  elements  of  the  retina  in  the  area  are 
excited,  to  u  slight  degree,  giving  riai-  to  a  feeble  sensation  of 
that  colour;  but  we  may,  on  the  other  hanil,  so  sciillvr  a  few 
rays  over  the  area  that  while  some  elcmeutct  are  exeile<i  others 
remain  at  re-nt  iuic|  yt^t  in  such  way  (hat  the  excitation  of  the 
whole  area  still  giv<>s  rit«e  to  one  sensation  only.  We  may  speak 
of  each  of  these  sensatiomi  as  one  in  which  the  sensation  of  the 
spectral  colour  is  mixed  or  fuc»ed  with  the  Bensation  which  rvn 
call  black ;  or  wo  may  distinguish  the  former  as  merely  a  fe«blc 
)<iensation  and  the  latter  as  more  strictly  mixed  with  bluek. 
Many  of  the  eolours  of  the  external  world  are  of  this  nature; 
thus  the  coloura  which  we  eall  ■■  browns"  are  mixtures  of  yel- 
low or  of  red  or  of  both  (and  possibly  of  oilier  spectral  eolours 
also)  with  more  or  les.-s  bhick.  In  a  similar  way  we  may  mix, 
not  a  spectral  colour,  but  white  witli  black,  various  mixtures 
forming  various  "greys." 

§  56L  Putting  aside  theae  more  or  loss  peculiar  caae«  of 
mixliire  with  black,  we  may  say  that  the  character  of  a  colour 
deiteitils  (1^  on  ihe  wave-lengths  of  the  parttcuhir  rail's  which, 
either  alnno  or  In  excess  of  other  rays,  are  falling  on  a  given 
area  of  the  retina;  (2)  on  the  amount  of  this  coloured  light 
falling  on  that  area  in  a  given  time  ;  and  (8)  on  the  amount  of 
white  light  falling  on  that  area  at  the  same  lime.  The  lirst 
determines  what  we  call  the  hue.  the  secoud  the  intensity,  and 
Uie  third  the  amount  of  saturation.  Our  common  phraM-s  do 
not  tUstiuguish  with  sufUeivnt  aeeuraey  these  three  eoudilions. 
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which  obviniiflly  may  exUt  under  v.iriiMis  com l>i nations, 
tho  one  hand  we  frequently  iise  wholly  unlike  nanieit  for  pnlotm 
which  differ  only  in  dej^ree  of  naturation,  such  as  carmine  and 
pink  ;  oa  the  other  hand  we  often  use  the  same  adjectives  for 
quite  different  conditiuns.  It  is  '^t^sirnblc  to  employ  the  word 
'pale,'  to  mean  little  Htituratuil,  largely  niixfd  with  white,  and 
tfiu  word  'deiq)'  or  "  rii;h  *  lo  menu  lui^hly  .saturatvil,  slightly 
mixed  with  whilw.  Tht;  word  'tint'  iiti^lit  he  used  to  exprcas 
varioua  degrees  of  saturation,  the  word  'hue'  Iwing  reserved 
to  denote  the  dominant  wave-length.  'Tone'  is  frequently 
employed  to  express  variations  of  wave-length  within  a  naineil 
colour,  as  forinstancedifferent  tones  of  red.  The  word  *hriglit' 
is  often  used  somewhat  loosoly.  hut  it  is  desirable  in  employ  it 
exclusively  as  identical  with  ■  luminous,'  that  is  tu  say.  as  indi- 
cating this  intensity  of  tht;  sensation  ;  a  colour  is  moin;  or  leas 
bright  according  to  tliti  amount  uf  luminous  energy  which  ia 
being  exjiended  on  the  retina.  Wo  may  remark,  in  passing, 
that  while  we  can  easily  compare  the  ]jrightne?>R  or  luminositj 
of  two  white  lights  or  of  the  same  part  of  rhe  s[tectrum  under  a 
feeble  and  under  a  strong  illumination,  we  may  feel  some  diffi* 
culty  in  comparing  the  amount  of  brightness  of  one  colour  with 
that  of  another,  the  brightness  for  instance  of  a  given  yellow 
irith  tliat  of  a  given  rad.  Conversely  the  word  *  dark '  is  used 
to  denote  feeble  intensity,  or  admixture  with  black.  Lastly. 
our  appreciation  of  the  L^olonrs  ot  external  ohjcctjt  is  modified 
by  the  nature  of  the  surfaee  which  in,  eoluunH),  and  features  so 
arising  receive  various  names;  hut  these  are  in  re«lity  oulsid« 
actual  colour  sensations.  ^M 

S  562.  .\dmittiug  that  our  (colour  sensationa  ma;  ha  consuV 
erea  to  be  ranch  fewer  in  number  than  those  which  we  appear 
to  have  when  wo  look  on  the  colours  of  tho  spectrum  or  of 
nature,  admitting  that  rays  of  light  awako  in  us  certain  -  jiri- 
mary"  colour  sensations,  which  mixed  in  various  proportions 
reproduce  all  our  colour  sensations,  we  have  now  to  ask  the 
question.  What  is  the  nature  or  what  are  the  eharoeters  A 
tlieAe  primary  colour  sensations?  ^1 

In  view  of  the  anawer  to  this  question  we  must  call  attention 
to  certain  results  which  may  be  obtained  by  a  further  stndv  of 
the  mixing  of  colours,  meaning  by  that  the  mixing  of  colour 
sensations. 

We  have  seen  that  all  the  colours  of  the  spectrum  mixed 
together  niuke  white.  We  have  now  to  add  that  white  may 
also  l>e  produced  by  mixing  two  colours  ouly,  pntvided  that 
these  are  properly  chosen.  If  we  take  a  part  of  the  red  of  tho 
spectrnm,  and  by  a»y  of  the  methods  given  in  §  i^9.  mix  it 
with  successive  parts  of  the  s])ectnim.  we  shall  tind  tliat  the 
mixture  with  a  particular  part  of  the  green  or  hhie  green  gives 
while.    These  two  colours  are  said  to  be  eomplemetttarff  to  eaeh 
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otiier.  In  order  to  get  a  complete  white,  that  ia  a  white  freu 
from  all  colour,  a  certain  proportion  between  the  relativu 
aiiuitinlM  of  red  and  jitreen  light,  that  is  to  nay  httwei^n  the 
inlensiticii  of  titc  two  sonsiitioiis,  mu»t  be  observed.  And  il 
will  be  understood  that  lite  white  thus  produced  by  two  Hmall 
parUi  ul  the  Hpvetruiii  i*  not  equal  in  inton»i1y  to  the  white 
wliicb  would  be  produced  by  tlie  combined  elTecl  of  the  whole 
of  the  Kame  spectrum.  The  following  may  !»>  taken  as  char- 
Bcterintii^  eomjilementary  colours,  the  reii]>ective  wavc>lengtha 
being  given : 


Red,  X  6.'>6, 
Orange.  X  608, 
tiold  Vellow.  X  574. 
Yellow.  X  5li(, 
GreeuLiih  Yellow,  X  564, 


Blue  Oreen,  X  492, 
iJlue.  X  4!;iO. 
blue.  X  482. 
Indigo-blue.  X  462, 
Violet.  X  433. 


It  will  be  understood  that  the  above  are  not  tho  only  compl«- 
meDtary  colours  ;  as  wu  p»ss  front  the  red  end  of  the  spectrum 
towvd^  the  gri-en,  e4ieh  8ueeei<:«ive  jmrt  of  the  s])eetruiu  has  iia 
oomplemeiilary  jwrt  on  the  other.  Hue  nide  of  the  i«|)«ctrun). 
each  wave-length  on  the  red  side  has  itd  complementary  wave- 
length on  the  blue  side.  When  w©  reach  the  greenish  yellow 
At  X  SW.  the  eomplenjf'ntary  colour  is  on  the  very  margin  of 
the  violet  end  of  the  visible  H]>eetrum.  But  we  may  go.  so  U) 
apeak,  outside  the  siwetrum,  for  the  grovn  of  the  s|}ectrum  has 
for  ila  eotnplenieiitjiry  colour,  purple.  Or,  to  put  it  in  another 
way.  while  ouch  end  of  the  )()>ectruni  haa  ita  coraplementarv 
colour  at  the  oilier  end.  the  complementary  colour  of  the  micf- 
dlc  of  tli«  8|teelrnm  Lt  a  combination  of  the  two  ends. 

The  lieai'ing  of  these  facts  on  the  theory  of  ])rimary  colour 
Mnsations  is  obvious.  Two  complementary  colours  excite 
between  them  all  tho  primary  xensation^  which  are  excited  by 
white  light,  though  not  to  the  same  intensity.  Uays  of  the 
wave-length  X  6fltt  falling  on  the  retina  give  ri«)  to  the  sensa- 
tion whicii  we  denote  aa  a  particular  kinii  of  rt-<l  ;  they  do  this 
however,  not  by  the  simple  and  exclusive  slimnhition  of  a  ]iar- 
tieular  red  sensation,  but  by  exciting  all  the  primary  ]<eni>;ilions 
which  are  not  ex<til«d  by  the  wave-length  X  4'.):i.  Coriveiftely 
rays  of  the  wave-length  X  4**2.  produce  the  sensation  of  blue 
green  by  exciting  all  the  primary  sensations  which  are  not  ex- 
cited by  X  Citi.  Similarly  eomples  ia  the  effect  of  other  wave- 
lengths.  We  may  rouglily  describe  each  of  two  complementary 
wave-lengths  aa  stirring  up  about  half  the  whole  of  the  primary 
aensations  which  can  be  excited  by  rays  of  all  wave-lengths. 

ji  563.  To  prothiee  while  onl  of  two  ooloni-s.  out  of  i  wo  jwrta 
of  the  spectrum,  we  are  limited  to  certain  pairs ;  if  we  take 
one  colour,  we  are  limited  to  one  other  colour,  to  its  pair ;  we 
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have  no  choice.  If  however  w 
iitKtead  of  two,  wc  liave  a  much  gt 
three  colours,  provided  only  tha 
apart  along  the  spectrum,  w«  ca 
them  in  certain  proportion!;.  If 
blue.  VB  can  hy  ailjustin};  the  aa 
tensity  of  each,  produce  white. 

Wc  may  go  further  than  this, 
each  of  the  three  colours  we  ran 
the  spectrum.     If  we  take,  for 
wave-length,  a  green  of  a  certain 
certain  wave-length,  wc  can,  wil 
other  wavc-lcngtliB,  by  varying 
three,  produce  not  only  whit«  li 
and  violet,  with  all  the  interme 
duce  all  the  colours  of  the  speotrui 
way  produce  the  non-spectrnl  pnrg 
to  a  curtain  extent  limited:  the  t 
nin.*t  he  spread  over  the  spectninj 
results  with  three  colours  taken  fr 
or  from  tha  green  and  blue  alone, 
a  complctEi  ouu  ;  the  colour  which 
ing  three  spectral  colours  diiYcrs  t 
notlx'iug  siiturnH>d  ;  it  is  "mixed 
ciisirs  than  in  others ;  in  relation 
tiou,  the  green  region  of  the  spect 
the  red  end  and  the  blue  end. 

§  564.    Thaie  reaitlts  shew  th 
tions  out  of  which  our  recognitei 
may  be  reduced  to  three  in  numl 
poesesH  three  primary  senisitions 
spectrum,  so  jirran-jcil  »o  to  spc 
ray  of  liglit  afi'eetjt  eaeh  of  the 
its  wave-length,  we  cvn  understan 
colour  sensations  may  arise  from 
primary  sensations.     There  may 
primary  sensatious.  but  if  so  they 
thrcie  :  tbcy  cannot  be  less,  since 
of   mixing   two  sensations  only 
may  thetcfore  Jtpcak  of  our  visi( 
three,  or  the  eipiiviilent  i»f  three. 

When  we  attempt  to  inquire  fi 
primary  sensations,  we  find  nurse 
theories. 

The  one,  propounded  by  Yonnj 
by  HulmholtK  and  .Maxwell,  and  kn; 
theory,  leaches  that  there  are  I 
aensalious.     As  we  have  just 
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tnim,  uith  certain  reslriclioiu,  inif^lit  be  chosen  m  correspond- 
ing to  tliese  tliree  primary  »en»nii«iw  so  far  wi  coiueiii!*  llie 
repnidiK^tioii,  l>y  meaiia  of  tlieni,  nf  aU  nllter  colour  tteiiAiitioiis  ; 
hence  in  ilelennining  the  nivture  of  the  priniarv  Bensaliona 
we  must  liave  recourse  to  other  coosidenitioiui.  We  may  for 
instttncu  very  luiturully  suppose  that  two  of  the  threo  correspond 
to  the  two  vndx  of  llie  ^pvctrum,  luitl  may  therefore  Ik-  spoken 
of  <w  more  or  lew*  cloaeiy  corresponding  to  our  recoitiiiziMl  sen»^ 
tioiiH  of  red,  luid  of  violet.  If  red  niid  violet  he  thux  two  of 
tlie  »enHation»  the  tltird  one  mu»t  correspond  to  grtH'ii,  for  only 
a  sensation  corresponding  to  green  would  give  white  when 
mixed  with  the  other  two  sensations.  Or  again,  choosing  green 
in  the  first  instance  as  one  of  the  primary  sensations  for  the 
reason  that  it  stands  apart  from  tlic  others  in  its  camplcment, 
purple,  not  being  a  s{>ectrnl  colour,  we  may  decide  that  the  two 
other  primary  sensulious  ought  to  differ  as  much  us  possible 
from  euch  other,  and  tlierefore  choose  n-d  and  blue  rather  tb»n 
red  and  violet  since  violet  in  obvion»ly  mure  allied  to  red  limn 
18  blue;  indeed  we  mav  perhaps  regard  violet,  on  account  of 
its  relations  to  red.  ai<  the  beginning  of  a  second  spectrum  the 
greater  part  of  whicli  U  invisible.  The  decision  between  theao 
two  forms  of  the  same  theory  R-sts  on  a  number  of  considera- 
tions, into  the  discussion  of  which  we  cannot  ciilcr  here. 
VntoHS  we  specially  call  attention  to  the  <!iffereiicc  Itetweeu 
them,  which  acquires  importance  on  i-erlain  occasions  mily,  we 
shall  treat  them  as  identical,  and  use  the  words  blue  and  violet 
in  this  connection  indiU'erenlly. 

Such  a  view  of  three  primary  colour  aennationH  i»  represented 
in  the  diagram  (Fig.  loO).     Thua  the  red  primary  sensation. 


Fio.  150,    DunmiN  or  Tinuii:  rniaiuT  CoLon  SionitTioir*. 

I  iatho  iKKsillrd  -ml,'  S  'gtrra,'  unci  3  -violet*  primary  colour  tcuation. 
S,  O.  r,  tc,  repRAont  tliP  red,  orangp,  y^Hovr,  4o..  colout  ol  tlie  ■pwlrmu.  Tlie 
dla^raiu  illiutnil««.  by  tliv  lieiulil  i>(  tlie  cun'i<  in  cacb  cMne,  how  the  acvrni] 
ptimary  onttmc  •Piuatlcna  are  rvcpiMTllraly  rxvilM  lo  dlflerr^ni  cxf  iit*  hj  vlbr^ 
IkiBt  of  dlffotrnt  nrnvi'-lrii^lu.  Rnt.  in  lliln.  auil  nls»  In  Flic  Jul,  tliv  cvrvt* 
an  to  be  nndrnO'HHl  not  m  cnrpfiil  ciirTH  of  nclu^  r»ri&tioiu  ill  llie  iotPtuily 
ot  tli«  aerenl  changes,  but  as  aliiiplr  *i^rvliig  la  illiutrUe  rougbly  the  dmuiv  m 
tbe  tlwory. 
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vxcitcil  to  a  ct-rtiiiii  extent  by  the  raya  nt  the  cxtrume 
is  most  iKiwi-rfiillv  iin'ft'ted  by  tlie  rays  ut  u  little  iliiitiioco  fron 
that  end.  the  ritys  f>'"">  Ibis  poiut  oiiwaprls  tuwarils  the  Vilui*  i.-n' 
producing  less  iiiiil  less  effect.  The  inline  <if  Un-  given  j>rini;ii-; 
Heitsatioii  begins  later  and  reaches  its  niaximun]  iii  the  gr«^n  o 
tJie  spectrum,  while  the  violet  or  blue  primary  soiisalion  is  stil 
Iat«r  uiul  unly  reiicbes  its  maximum  towards  the  blue  end  of  th' 
spectrum.  Buuli  ray  culls  forth  uHch  primary  sensation  thougl 
to  a  tlilTvn;nl  dcgiTi.',  and  the  total  result  of  facli  my,  ur  of  caci 
group  of  rays,  is  dtil«nuiiied  by  thi;  pnipoi-tionute  amount  u 
tiie  tbr^  sensatintis.  'l'hu»  the  itensiition  of  oningi-  (0  in  Ui 
tigure)  is  bioiigbt  about  by  a  mixture  of  n  great  <it>ul  of  tli 
priniar}'  red  with  much  less  of  the  primary  green,  and  hardi 
any  of  the  primary  violet ;  the  onmse  sensation  is  converts 
into  a  yellow  sensation  by  dimiuisluug  tlic  primary  red  sqi 
largely  increasing  the  primary  green,  the  ]irimary  violet  undei 
going  ulao  some  sliij;bl  iiicreitise.  And  similarly  with  uU  th 
other  sensnlions.  When  all  the  llnce  prinuuy  sensjitioiut  ut 
together  excited,  eaeh  to  iti«  whole  extent,  as  when  onlinar 
lignt  falls  on  the  retina,  the  result  is  a  sensation  of  wliilt 
According  to  this  theory,  black  is  simply  the  absence  of  sense 
tion  from  the  visual  apparatus. 

In  the  view,  «a  originally  put  forward  by  Young,  tho  th« 
primary  sensations  were  supposed  to  Ije  represented  by  three  set 
of  tibres,  each  set  of  fibi-es  being  dilTeix'nlly  affected  by  differerj 
rays  of  light,  and  lim  impulses  passing  1o  tlio  brain  along  uac 
set  awakening  a  distinct. tensat inn.  NoMueli  distinction  of  tibn 
can  be  found  in  the  I'etina;  but  an  anatomical  Itasis  of  ihis  kill' 
is  jiot  necessary  for  the  Uieory;  we  can  easily  conceive  of  th 
same  fibre  transmitting  throe  distinct  kinds  of  impulitos;  an 
indeed,  as  we  shall  see  later  ou.  there  are  mure  nays  tlian  cw 
by  which  we  can  imagine  the  sensations  to  he  ditYereuliated. 

§  545.  Another  theory,  thtit  of  flering,  starts  fixtm  th 
observiilion  that  when  we  examine  our  own  sensations  of  ligh 
we  find  that  certain  of  theise  seem  to  he  quite  distinct  in  natur 
from  each  other,  so  tliat  each  is  something  sut  gnterh,  wheFCu 
wo  easily  reoognii!*  all  other  colour  sensations  as  various  mil 
tures  of  these.  Thus  red  and  yellow  are  to  us  quite  dUtiucI 
we  do  not  recognize  any  thing  commoji  to  the  two;  but  orang 
is  obviously  a  mixture  of  reil  and  yellow.  (irL-en  and  blue  ar 
etpially  distinct  from  each  other  and  from  red  and  vellow.  bu 
in  violet  and  purple  we  recognize  a  nuxture  of  rc<i  and  bluti 
M^hite  again  is  quite  di.stinet  from  all  the  colours  in  the  nut 
rower  sense  of  that  word,  and  black,  which  we  must  aecejil  a 
n  sensation,  as  an  affec:lion  of  consciousness  even  if  we  regan 
it  as  the  absence  of  sensation  from  the  field  of  vision,  is  agaii 
distinct  from  «ver}*thing  else.  Hence  the  sensations,  enusei 
by  different  kinds  of  light  or  by  the  absence  of  light, 
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thiw  appear  to  us  distinct,  and  which  we  may  apeak  nf  as 
'native'  or  *  fimdam<.'ntiil "  sensations,  are  white,  black,  red. 
yellow,  ^reen,  blue.  Each  of  liu-w;  seems  to  us  to  have  jidth- 
inj;  in  common  with  iiiiy  of  llit*  others,  whereas  in  all  other 
colours  we  can  reiiijjaiKe  a  inixHire  of  two  or  more  of  ihese. 

This  r<)«u!l  of  oonimon  esiierienoe  onjjgenttt  ibe  idea  that 
thc«K  fiintlntnental  Heniiationfl  are  the  primary  .leusationt*.  eon* 
ccming  which  we  are  inquiring.  And  Ileriiig's  theory  at- 
tempts to  reconcile,  in  some  such  way  as  follows,  the  various 
facta  of  colour  vision  with  the  sU]iposition  that  we  possess 
these  six  fundamenl»l  seiiNutioiis.  The  n'lx  soiisiitions  readily 
fall  into  three  piiirx,  the  nienihers  of  ench  pnir  huvinj;  aniilo^^ous 
relations  In  each  other.  In  each  pair  the  one  cohmr  is  eom- 
plementary  to  the  other;  white  to  htack,  red  to  green,  aiid 
yellow  to  blue. 

The  little  we  know  about  the  actual  nature  of  seiiRatiniiR 
leads  us  to  believe  that'the  nervous  processes  which  are  at  the 
bottom  of  sensations  are,  like  other  nervous  processes,  the  out- 
come of  metabolic  chancres  in  nervous  substJinee.  We  shall 
presently  ejill  attention  lo  the  view  that  vision  origlii:iti'«  iu 
the  m«tAbolie  changes  of  a  certain  substance  (oi-  itnbvtances) 
in  tbt.^  retina,  that  the  metabolism  of  this  substance,  which  has 
been  called  vwiial  substance,  is  esjwcially  affected  by  the  imi- 
deuce  of  licht,  and  that  the  metabolic  changes  so  induced  deter- 
mine the  beginnings  of  visual  impulses  and  thus  of  visiud 
sensations.  In  the  metabolism  of  living  substunci%  we  recog- 
nise (§  30)  two  phases,  the  upward  (.'onstnielive  anabolic  phase. 
and  the  downward  destructive  katubolic  phase;  we  may  acMnl- 
ingly,  in  the  nbscnee  of  any  distinct  leading  to  the  conlrury,  ou 
Uie  one  hand  suppose  that  different  rays  of  light,  mys  differ- 
ing in  their  wave-length,  may  affect  the  meut»oliKm  of  the 
visual  snlwtance  in  different  ways,  some  promotinK  anabolic, 
others  promoting  katabolic  chan>^-s,  and  on  the  other  hand 
that  different  elumges  in  the  metabolism  of  the  visual  sub- 
Bt«nce  may  give  riiae  to  different  Henttationa, 

Wo  may  therefore  i^gard  ourselves  as  at  lilierty  to  suppose 
that  there  may  exist  in  tlie  retina  a  visual  substance  of  sneh  a 
kinri  that  when  rays  of  light  of  certain  wave-lengths,  the  longer 
ones  for  instance  of  tlje  red  side  of  the  spectrum,  fall  upon  it. 
katabolic  changes  are  induced  or  encouraged,  while  anabolic 
changes  arc  similarly  promoted  by  tbe  incidence  of  rays  of  other 
wave-lengths,  tlie  shorter  one:*  of  the  blue  side.  But,  as  we  ha\'(! 
already  said,  it  is  dillionlt  in  thew  matters  of  )«en»ition,  to 
distinguish  between  peripheral,  retinal,  and  rentml,  cerebnd 
eventi*;  we  may  accordingly  extend  the  above  view  1o  the 
whole  visnal  apparatus,  central  aa  well  as  peripheral,  and  sup- 
pose that  when  rays  of  a  certain  wave-length  fall  upon  the 
retina,  they  in  some  way  or  other,  in  some  part  or  other  of  the 
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yimal  njiparatus.  induce  or  promote  katabcJic  chax 
givv  riM  to  a  seosatiou  of  n  cvrtniii  kind,  vtiile  rays 
wBvv-IengtIi  siinilitrly  intluce  or  promoie  anabolic 
M  give  rijte  to  a  8en.4atii>n  of  a  different  kind. 

'I'lie  theory  of  Herin^,  of  ntiich  wc  are  now  speais 
thi»  view  to  the  six  fundamental  scn&atioiUH  aQ<l 


R  O        Y  G  B 

Fio.  Ifil.    DiiOSAM  TO  iLLCvrKAts  Hnuiro'ii  Tkbokt  or  Ctt 

TheUuf  R.O.Y.G.B.  V.bMeMf.ts'mVig.  160,  tbe  pestliea 
of  red,  orange,  jcUott,  green,  bkw  uid  vioIcL 

Tbe  line  r.y.,  wlikli  IniUratr*  a  "pACo,  »hwlMl  vmlcsUy,  la  fi 
lOKDt  (b»  ethot  o(  nj»  of  ditlvn^nt  wav^lenxUis  on  thv  nd-fii 
Msnec_  In  the  ivd,  oraan  and  yrllow  up  to  tb«  liae  V..  i*  ~ 
OOB  o(  cUmnmilAUon  fnd  Mmtation).  V.  nuufcs  llie  puai 
beyond  this  iha  afloct  M  unboHR.  oar  ot  aagiiinilittlcm  (greMi 
ihv  blue,  B.  ibe  cllcct  (Indicuvd  bj  a  Iwoken  line)  It 
lutUbulic. 

Till'  line  yA.  airailarlr  Tcprc*estii  Ibe  bchaviouT  of  ili«  y^Baw- 
BhadM  borlznnMlU,  kflUboltc  (f'^Uiw)  Up  to  0..  aiutwtle  (Muj 

Tlie  line  N-.  siinilarlf  Indk&K*  ibe  vbito-M*ck  cubMaaM,! 
bidic  (MBMiiUou  of  while)  sloog  tfau  vbolelunftk  of  tbe  apectma 

eacb  of  the  tlireo  paira  is  the  outcome  of  a  pord 
kaUtKilicundauabolicchAnges;  tlii-jte  we  may  prorisil 
of  as  rli.'iit^it  in  a  di.-<lin('t  vistul  iuil>.ilanc-«.  witliitut 
to  deoiiiti  whellier  the  chanj^  ara  retiniU  or  t-crch 
The  theory  BUpnoaeH  the  exintence  of  what  vre  ma 
grevn  visiml  substance,  of  such  d  nature  that  so  Ion 
tabolisnt  is  nomia].  kataholic  anil  unabolic  chaug 
equilibrium,  ttc  vxporii-Dcc  no  ».-u^tion,  but  that  n 
liu  oliunf^s  (ehnuijirs  of  dissiiiiiliition  is  llvrint;'s  ow 
increiu-ted.  wc  t-xjii/riciicc  it  sensation  of  (^funiluineati 
when  anabolic  t;liiiiigi^  (c-hiuiges  of  assituilatiun)  a 
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we  experience  a  seniruitioii  nf  (fiindainentAl)  green.  A  8iinil»r 
vellow-blue  vixnal  nulistance  is  siippofied  to  fiiminh  thrmigh 
kniabolie  cbangeit,  a  yellow,  through  anabolic  ohangt's  a  hlua 
Sfiisuliun  :  and  a  white-bluck  viHual  substance  similarly  provides 
for  a  kutnbulic  si-nsation  of  ubito  and  an  anabolic  sensation  of 
bliiuk.  Thu  two  lucnibtTS  of  cucli  pair  ar«  thcri-fort-  not  only 
complementary  bnl  »l»u  antagonistic.  Further  tlif»e  Kul)8lunc'e8 
are  of  sni-h  a  kind  that  while  the  whit«-hluek  milistance  is 
intluenecd  in  the  same  way  though  to  different  degrees  by  rays 
along  the  whole  range  of  the  apectrnra.  the  two  other  nubstanrea 
arc  differently  influenced  by  rays  of  different  wave-length  ( ace 
Fig-  lol).  Thus  in  the  pari  of  the  spettruni  which  wc  call 
red.  the  rays  promote  u  large  katalwlisiu  of  the  rcd-f;ivcn  "ub- 
8tunce  with  comparatively  slight  cffocl  on  tlu-  Vfllow-hliie  snl)- 
iftAace;  hence  our  i«uri»ation  of  red.  lu  that  luirt  of  the  spectrum 
which  we  call  yellow  the  rays  effect  »  large  katabolitim  of  tho 
yellow-blue  subiitance  bnt  their  a<^ljon  on  the  retl-green  siili- 
stance  does  not  lead  to  an  excess  of  either  kataboliam  or  anaho- 
lisin.  this  sul>st:uice  being  neutral  to  them;  hence  our  scnsHtion 
of  yellow.  The  green  riiyH.  again,  iiromotis  unabolism  «if  tho 
nMl-grcfn  substjinct;.  leaving  the  anauulism  of  the  ycllow-bluu 
Mubstancv  equal  to  its  katabolism  ;  and  similurly  blue  rayscani«e 
■nabolisiu  of  the  yellow -blue  Hub»lauce,  nnd  leuve  the  red-green 
sulwtance  neutral.  Finally  at  the  extreme  blue  end  of  the  spec- 
trum, the  rays  once  more  provoke  katalMilisni  of  the  red-green 
substance,  and  by  adding  red  to  blue  give  violet.  When  orange 
rays  fall  on  the  retina,  there  is  an  excess  of  katabolism  of  Ixmi 
the  red-green  and  the  yellow-blue  subittanco ;  when  grcenish- 
hluo  rajs  arc  perceived  them  is  an  excess  of  »nulKili«iii  of  Imth 
thou;  substances;  and  other  inti.'rmvdiate  huett  correspond  to 
varying  degrees  of  katuhulixm  or  Huubolistu  of  the  several  visual 
8ub«taiu«s. 

When  all  the  rays  together  fall  on  the  retina,  the  red-green 
and  yellow-blue  sulistani^e  remain  in  equilibrium,  but  the  white- 
black  substance  undergoes  great  kataholic  changes ;  and  we  say 
tlio  light  is  white. 

Such  are  the  two  main  theories  of  colour  vuuor;  and  much 
may  be  sai<l  in  favour  of  both  of  them ;  at  thu  Him«  time  both 
of  them  prcHcnt  difhcultics.  We  may  perhajw  regard  as  the 
distinctive  feature  of  Hering's  theory  the  view  that  while  is  an 
indc)>eiident  scnsulioii,  and  not,  as  aoconling  to  the  Voung- 
IlelmholtK  theory,  the  secondary  result  nf  the  mixture  of  pri- 
marj-  sensatiomi.  In  Hering's  theory  rays  of  all  wave-lengths 
(within  the  range  of  llie  visible  spectrum)  give  rise  to  the  sen- 
sation of  white,  whatever  may  he  the  colour  sonsatiou  prwiuced 
at  the  Hmic  time:  a  fully  saturated  colour,  cme  wholly  unmixei) 
with  white,  according  to  this  view  docs  not  exist.  Tbisiutsuuip- 
tiuu  eiuibiea  lu  to  exjihilu  much  more  rvadily  Uiaii  does  the 
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Young-Helmlioltz  theory  tlie  occurrence  tmder  certain 
stanoes  of  while  sonsstionn  replacing  or  accomfnayittf;. 
to  nay  dimtnishiiiK  the  Halurutiou  of.  colour  sutueitiuas. 
other  hand  it  intruJiicca  whHt  H])[(L-iint  to  mnny  minds 
cUfticulty  in  reference  Ui  hliick.  Tht;  llienrv  suppiKivx  li 
Hciisiition  uf  black  ii<  the  result  of  the  predoniiiiiuict!  uf 
chaiiifiiK  in  lliv  whtte-lilack  Hubslani^.  Hut  what 
to  f^tw  to  the  ^^n.^ation  when  the  white-black  ftu 
comlitinn  of  equilibrium?  Wo  cannot  Investigate  the 
Hponding  conditions  of  equUilmum  in  the  rml-green.  iir 
yellow-blue  substance,  because  wc  can  never  study  th 
themselves.  When  either  of  them  oceure,  as  when  rara 
to  certain  wavc-lent^hs  are  fulHii);  on  the  rvlino,  wc 
hypullicsiK  nt  the  Kinnv  time  subject  to  chan^«  in  the 
black  siilwlaiioc;  we  nmy  therefore  leave  thet<«  two  cou 
of  e<)uilibriuin  on  one  side.  Hut  we  are  cunstanllv  exji 
ing  tlie  condition  of  equilibrium  of  the  white-blac&  suh 
unaccompanied  by  any  stimulation  of  either  the  red-}^ 

Jrellow-hme  8Ul)stiLnce;  wc  do  so  when  the  intluenee  o 
las  for  some  time  been  wholly  reuiovetl  from  the  eye.  or 
lakin<;  the  view,  which  is  the  mure  |irobablti  ooe^  til 
cliau;^s  of  which  we  are  speaking  are  cerebral  cliftiige«, 
the  retina  by  disease  or  injury  Iua  become  intteuttible  to 
Under  such  cireumxtaiices  we  must  suppate  that  tlie  pt 
kntabolic  excitement  of  the  while-black  substance  ha 
away,  smd  that  the  siilistanco  is  in  ecjuiiibriuui.  Now  wii 
examine  our  sensation  under  these  circumstaneea.  we  do 
though  it  is  one  of  darkness  it  is  one  which  differs  from 
sation  of  intense  blackness.  So  distinct  is  the  difFcrcDc 
the  sensation  in  questiou  luut  been  spoken  of  under  the 
"  the  intrinsic  light  of  the  retina."  And  that  we  nay  t 
ence  sensutions  nf  blnek  different  from  thii*  saeuKition  dtw 
retina  l>ciiig  at  rest  may  lie  shewn  in  several  wavK.  Wb 
chwe  and  sharle  the  eyes  after  they  hare  been  ex[ioi*ed  to 
bright  sunlight,  we  first  experience  a  sensation  of  Itlacknci 
this  soon  gives  way  to  the  sensation  of  men?  darknen 
sponding  to  the  "intrinsic  light  of  the  retina."  Agaii 
stare  fur  som«  time  ut  a  white  disc  on  a  black  6eld  am 
close  the  eyes,  what  we  shall  speak  of  presently  as  a 
after  image  is  developed ;  the  part  of  the  lield  of  viuiia 
spunding  to  the  while  disc  ap|>ear.<i  as  a  black  disc,  which 
blackness  .ttands  out  in  fairly  strong  contrast  to  ibe  mt 
held  of  vision,  which  corresponding  lo  the  area  of  the 
previously  free  from  the  stimulus  of  light,  now  yields  U 
aation  of  the  ■'intrinsic  light  uf  the  reliua."  And 
examples  of  u  similar  kinri  might  be  given.  Admitlini 
that  tlie  "  intrinsic  light  of  the  retina''  ciirn-.-tjionds  toa 
tion  of  equilil>rintn  of  the  white-black  sub«tauce,  ue 
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many  .ttatements  reearding  tlie  retiults  of  misin?  sensatioflP 
siicli  as  those  respecting  complementary  colours  (§  ;>l>2)  have  to 
b(!  qtiuliBud  by  coiisidcratiomi  toucliiiiji  the  luiuiiiosity  of  tbe 
voiLst it u until;  but  uitu  llivsu  qiiustiims  wc  citniiot  vntur  liore. 

We  lutiy  Iicrc  ruimirk  wlu-n  tbe  cxtrcnu'  rctl  «n(l  of  tbo 
spectrum  i»  exaiiimml  it  in  funnil  tliut  aUn>g  ti  cvrtuin  lunj^h. 
between  X  Tl!0  and  \  (>o5,  there  in  no  thange  in  the  ftensiitioa 
aa  ressirda  hue  hut  only  as  regards  luminosity;  the  ret)  remains 
exactly  tlie  aame  kiiiu  of  red,  it  only  becomes  brighter  and 
more  readily  seen.  Simihirly  at  the  other  uiid  from  X  4SU  to 
\  390  the  sensation  of  viulc-t  runiitins  uf  the  uune  huti  tlioueb 
(liffurintj  in  luminosity.  And  tlittsi.-  fucl«  hiivu  Ix-un  brought 
forwiirij  on  the  Ymiiig-Hfbiiiinltit  thwrv  in  support  of  violet 
being  a  primaty  »eii^iition  ;  it  U  urged  tliat  the  re<l  and  \*iulct 
which  thuii  do  not  change  in  hue  out  only  in  luminoiuty  cor* 
respond  to  the  uctual  primary  seiisatiouH.  'Die  beliaviotir  at 
the  red  end  is  quito  intelligible  on  Huring's  theory,  sitioe,  as 
the  wuves  shorten  in  Ivngtii  both  tliv  red  uml  the  white  sensa- 
tions are  supposed  to  in<^^reaMi\  though  probably  in  this  part  of 
the  Kpectnim  thi;  whiUi  si-Uiial ion  is  very  feeble,  riipitily  inureu^- 
ing  a  111  tie  farther  on.  The  behaviour  at  the  violet  enil  prei*eutii 
(tiliioulties,  .tiiice  if  the  violet  be  due  to  admixture  with  a  necoiid 
octave  Ro  to  speak  of  red,  the  violet  should  change  in  hue, 
become  more  red.  as  the  rays  shorten.  Hut  the  same  difliculty 
presents  itself  to  the  Yoimg-Helinhultz  theory*  if  blue  be 
accepted  lui  n  primary  seu^ation.  Moreover  observations  on 
thia  part  of  the  spei-lrmn  are  exceedingly  dillieult.  We  euimot, 
however,  attempt  to  discus*  the  contending  theories  pnjpcrlr  j 
this  would  carry  na  beyond  the  limits  of  thin  book.  \V'e 
nitut  content  ourselves  with  incidental  reference  to  some  coa- 
olusinnK.  which  are  auggestod  by  the  study  of  some  otlier 
features  of  colour  seniiAtions  ax  well  as  of  abnormal  colour 
vision,  and  to  the^e  wo  may  now  turn.  ^M 

i;  566.  I'analiont  in  U'/toiir  Vinioa.  Colotir-Blindnet*.  P^| 
sons  differ  very  mtieh  in  tiieir  power  of  appreciating  and  dis- 
criminating cnlonrii,  and  tiiat  quite  independently  of  their  ability 
to  give  expression  to  tlieir  colour  8en8ation».  that  is  to  say,  of 
their  skill  in  naming  colours.  One  person  will  regard  as  iden- 
tical two  colours  ivliich  another  (wrson  recognizes  as  different. 
In  many  cases  such  differenciss  in  the  power  of  discriminating 
colours  arc  slii;li1,  but  in  some  ciiTies  tliey  are  grfat.  Certain 
persons  are  met  with  who  regard  as  quite  alike,  or  ncirly  alike, 
colours  which  to  most  people  are  glaringly  distinct ;  si 
j>ersons  are  said  to  be  "colour-blind." 

The  moat  common  token  of  ••  colonr-blindnesa "  is 
inability  to  disiinguiab.  or  the  dilliculty  in  distinguishing,  red 
and  green.  The  great  chemist  Dalton.  who  was  colour-blind, 
found  great  dillieulty   in   rvcoguiziug   at   a   dixtaucv   his   red 
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(OlaKflfow)  c<olle)2f6  gown  when  it  wns  lyinf^  on  the  college  gnM8> 
plot ;  the  culour'bliiitl  can  tell  a  cherry  among  the  lenvea  on  a 
tree  much  nwre  by  its  form  than  by  its  colour ;  and  when  such 
persotiH  urc  iiskm)  to  *niiikc'  niatclicii'  between  coloured  objecla. 
such  ns  skuinx  of  voluurud  wools,  thi^y  will  put  toother  it  red 
ifkviii  mid  u  gruun  akein  us  beiu^  uf  thv  suuic  i;uluiu'.  Most 
coluiir-bliiid  people  more  or  les^  uonfonnd  I^■d  nud  t;rvcn;  hut 
when  a  number  of  nui^h  colour- blind  jtervoiut  are  tested  iu 
making  niatche«  either  Iwt ween  skeins  of  wool  orother^vihe,  it  is 
found  that  they  do  not  nil  make  the  same  matches :  they  tlo  imt 
a^reu  as  to  the  imrlicular  red  and  green  which  they  i-egard  aa 
idontieul,  and  thiiy  dJKU'tree  in  various  other  tnatches.  Uut 
th«y  all  ngreu  in  this  that  when  they  nre  tcsU'd  by  the  method 
of  mixing  culours  it  Im  found  tlint  ull  the  colour  svnsutious 
which  they  ex]>erience.  including  while,  may  l»e  reproduced  by 
mixtures  of  two  colonrs  only,  whereat*  aa  we  have  ween  (§  504) 
normal  vision  requiic.t  three.  For  instance  all  the  coloura 
which  thcv  see  may  be  re|>roducecl  by  varying  mixtures  of 
yellow  and  blue.  The  vision  of  these  colour-blind  [leople  ifl 
thvrefuru  diehrumic  not  trieliromic.  All  their  colour  nensa- 
tiuiis  nru  compoumled  uf  two  not  three  (ur  two,  not  three  pairs 
of)  primary  itenwitioiiK. 

On  further  examination  it  is  fnnnd  thnt  these  ordinary 
cohMir-blind  persons  may  he  more  nr  less  successfully  diviihil 
into  two  classes.  The  memhei's  of  one  class  have  the  fuUowing 
characters.  The  spectrum  seems  to  them  ehoptenetl  at  the  red 
end:  that  is  to  say  they  fail  to  receive  any  visual  sensation 
from  tlie  rays  of  extremely  long  wuve-leugth  which  still  give 
to  the  normal  eye  a  distinct  tu'iistvlion  of  red.  The  blue-grecD 
uf  the  s|>ectrum  seems  to  them  Ic»s  ilceply  coloured  than  the 
rest  of  the  sj^eetrum  either  on  the  red  or  on  the  blue  side; 
this  part  gives  rise  in  them  to  a  sem«ation  like  that  caused  by 
feeble  white  light;  they  have  a  diOieulty  in  recogninng  any 
hue  in  it  and  they  often  sneak  of  it  aa  grey<  while  in  the 
remainder  of  the  spec'tnun  both  to  the  blue  ami  to  the  red 
side  they  have  distinct  sensations  of  colour.  We  may  call  this 
region  of  the  sjfectrum  the  '  neutral  bund ';  and  it  is  one  of  the 
characters  of  this  ehuts  that  they  see  such  a  neutral  bund  in 
tile  hhie-greeii.  They  confound,  as  we  have  said,  reds  and 
greens,  but  when  asked  to  make  an  exact  mati:h  between  a.  red 
and  a  green  they  choose  a  bright  red  and  a  dark  green;  they 
are  more  or  less  uncertain  about  all  colours  containing  red  or 
green,  and  when  asked  to-matcb  a  purple  they  geoeraUy  select 
B  blue  or  a  violet. 

To  the  memlH;rs  of  the  other  class,  the  S|>ectriim  is  not 
shortened ;  ihey  r^-i-i^ive  sensations  as  far  to  the  red  side  as  does 
the  nonnal  eye.  They  aUo  see  a  'neutral '  band,  but  this  is 
placed  iu  the  green,  that  Ls  to  say,  nearer  the  red  end  than  U 
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the  case  with  the  firnt  cliies.  When  a«k«d  to  make  an  e] 
match  between  red  and  green  they  chooso  a  dark  reil  and  a 
hriglit  green ;  when  asked  to  matcli  a  purple  they  generally 
select  a  gruen  or  a  gruy. 

Persons  wliosi!  virion  tjehmgs  to  on«  or  other  of  tbwe 
classes  uru  sometimes  spoken  of  us  'totally'  culoiir-bliDd ;  for 
(hero  nre  grades  of  diffen>ric.e  hetweeu  «iii-h  u  kind  of  vision 
and  nonnnl  vision,  and  name  even  may  he  culleil  'partially* 
colonr-blind.  iMoreover,  even  among  these  *  totally  '  colour- 
blind persons  individual  differences  occur  in  each  claiw;  indt-f-il 
not  a  few  eiises  are  mot  with  which  do  not  seem  to  fit  into  i-itber 
class,  since  they  uiiitu  in  themselves  some  of  the  characters  of 
«n<.'li  eluss.  But  even  if  we  make  allowance  for  these  excep- 
tions, the  existence  of  the  two  classes  with  their  respective 
features  seems  to  offer  a  strong  snpiKut  to  the  Young- livlmholtz 
theory.  In  both  cliu»es  vision  is  diohromie  not  trichix>mic 
that  is  to  siiy  according  to  that  theory  in  both  classes  one  of 
the  three  primary  sensations  is  missing.  Since  the  character- 
istic mistakif  which  they  both  miike  iii  to  confound  red  and 
green,  wv  may  infer  that  the  missing  primary  sensation  is  not 
blue  hut  either  red  ur  green.  If  wc  further  suppovw  that  in 
the  first  class  red  is  missing,  in  the  secund  green,  all  tba 
features  of  the  two  classes  seem  intelligible. 

On  this  view  all  the  vLiual  sensiitions  which  the  lirst  clan 
experience  are  made  up  of  green  and  blue  ;  and  their  vision 
might  be  represented  by  Fig.  150  with  the  upper  curve  (1) 
omitted.  Owing  to  the  absence  of  the  red  sensation,  the  ex- 
treme red  rays  hardly  affeel  theiu  at  all.  Since  all  their  visual 
sensations  are  made  np  of  various  mixtures  of  the  primary  green 
and  primary  blue  s^-nsatiuiis,  and  since  the  sensiilioii  which  they 
call  white  light  (whatever  it  may  be  when  compared  subjec- 
tively with  tliat  of  the  normal  eye)  is  the  seniuition  produced 
when  rays  of  all  the  iviive-lcngths  of  the  visible  spectrum  are 
falling  on  the  retina  at  the  same  time,  tlmt  is  to  say  when  both 
of  the  tu'O  ])riniury  sunsntions  are  iK-ing  equally  cxcitvd  at  the 
Hame  time,  it  follows  tluit  any  ]iarticular  wave-lengths  which 
equally  exoite  both  the  two  sensations  should  also  pnKluce  a 
sensation  which  to  them  is  identii'al  with  tlmt  of  white  light. 
Now  the  blue-green  rays  do  excite  equally  both  the  gi-een  and 
the  blue  sensation  (cf.  Fig.  150)  .  and  it  is  just  at  this  part  of 
the  spectrum  tlmt  tbfse  persons  see  the  ■  neutral  band  '  spoken 
of  above.  Furtlier,  the  matches  which  eyes  of  this  class  make 
are  such  as  we  might  imagine  would  be  made  if  the  sensation 
of  rml  were  altsent,  ami  the  two  remaining  sensations  when 
mixed  together  made  white.  Hence  meniWrs  of  this  class  arc 
spoken  of  us  being  "red-blind." 

In  eyes  of  the  second  class,  since  red  is  present  though  green 
is  wanting,  thts  spi-ctrum  vxtends  redwarda  aa  f ar  as  iu 
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normal  eye  ;  tlte  least  coloured  part  of  the  spectnim,  the  'neu- 
tral Itiiiia.'  DCcupif;^  about  the  same  position  tut  tlie  gi-cH-n  tw-t-ii 
by  the  normal  eyo.  for  here  the  rm\  sensation  and  hliie  seiiNa- 
tion  are  exeitvd  tu  about  tliu  saum  vxti-iit;  and  the  matches 
made  by  c\v»  uf  tins  chisif  uru  suc-h  im  iiii^fht  be  uxpiM-tL-d  in  the 
uhMuiieu  uf  the  gruoii  tteiisation.  .M<-iiibers  uf  thid  c\>isb  urs 
accord iii);)y  spoken  of  as  "green-blind." 

It  might  appear  at  first  sight  that  the  lack  of  a  primary 
sensiition.  that  is  lo  flay,  the  want  of  a  third  of  all  visual  nensa- 
tioiis.  would  lead  to  a  genei-iil  tlclk-ieiicy  of  vision  ;  for  the  lack 
of  one-third  of  visual  »eiisatioii!i  would  be  equivalent  to  a  dim- 
inutioii  of  the  total  illumination  of  ext^-nml  objects  to  the  extent 
of  uuu-third.  and  this,  unless  wo  8Uppo.se  that  the  normal  eye 
lives  iu  n  superfluity  of  light  muist,  es^Kioially  in  fooblv  lights 
lead  to  dim  vision :  moreover  a  vision  which  has  to  trust  to 
twofuld  differences  must  Ite  less  sure  than  one  bas«d  on  three- 
fold  differences.  But  this  does  not  necessarily  fn]h)w;  the  two 
remaining  sensations  might  Ix-come  more  highly  devido|ied, 
might  BO  to  ajH-'ak  expand  in  the  alxieuco  of  the  tnird.  Or  we 
may  suppose,  at)  indeed  has  been  supposed,  that  in  these  cases 
neither  tne  red  soiiHatJou  nor  the  grei.*n  sensation  is  alMent.  but 
that  the  two  sensations  coincide.  We  may  imagine  that  tho 
visual  sulistance,  or  whatever  it  lie,  changes  in  whieh  give  rise  to 
tho  red  sensation,  is  aflTected  by  light  of  different  wave-lengths 
in  the  name  way  as  is  the  visual  snlistance  changes  in  which 
give  rise  to  tJie  green  sensation.  This  might  bo  illustmled  by 
making  the  two  curves  for  red  and  greeu  in  Fig.  150  coincide. 
If  tho  red  curve  were  moved  blucwurtU  so  ns  to  coincide  witii 
tho  given  curve,  the  figure  would  illustrate  a  red-blind  ciise; 
if  the  green  curve  w«ro  moved  redwards  to  coincide  with  tlio 
Ki\  curve,  the  tigure  would  illnsti-ate  a  green-blind  case.  And 
OS  a  niatt^'r  of  fact  the  general  \b>ion  of  colour-lilind  people 
seems  to  be  as  good  aa  that  of  normal  eyes;  moreover,  within 
the  range  of  the  colours  which  they  can  see,  colour-blind  people 
are  if  anything  moru  ncute  tlian  most  puopio:  though  they 
tvganl  as  more  or  less  alike  two  coloiint  which  seem  to  the 
normal  eye  wholly  unlike,  they  can  more  easily  detect  niinutv 
differenevs  such  as  those  of  shade  or  tone,  witliin  eflch  of  the 
two  colours. 

§  567.  llie  phenomena,  however,  of  these  two  classes  of 
oolour-blind  eyes  can  also  be  interpreted  on  Ilering's  theorv. 
In  both  of  them  the  red-green  substance  may  be  suj)[hmu;(1  to  bo 
missing,  and  theii'  dichromic  virion  to  be  made  up  exclusively 
of  changes  in  tlie  yeltow-btuu  and  wbit«-black  sul»t«nc««.  Since 
they  are  thus  sup{>oi<ed  to  have  neither  reil  nor  green  sensations, 
thev  must  neoejuiarily  confound  red  and  green  ;  and  the  smaller 
differences,  which,  aa  we  have  seen,  divide  into  two  classes  all 
those  which  confound  red  with  grecu  may  bo  explained  lu  follows. 
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Even  ia  eyes  wluuli  may  be  considered  normal  as  rej 
colour  vLsioti,  eyes  which  curtniiily  CRiiiiot  be  cnlleil  ooluur- 
blind,  coiisidcralilu  diffci-oiiccs  will,  on  closer  cxamiimliun.  be 
found  in  le^ai-d  to  i*t>ii!iations  of  yellow.  If  by  nieiuu  of  a 
special  arrangement  we  bring  a  certain  .iniouiit  of  the  red  j>art 
of  the  spoclriim  and  a  certain  amonnt  of  the  green  part  of  the 
spectrum  on  to  the  eye  at  the  same  time,  the  result  is  a  sensa- 
tion of  yellow;  Bccoruiitg  to  the  Young-llelmholtz  thcorj' yel- 
low is  ft  mixture  of  red  and  jjreeii.  By  the  suniu  arran^iucnt 
we  can  hriiig  on  to  the  i*ye  at  the  same  lime  a  certain  amount 
of  the  actual  yeilow  of  Ihe  spectrum.  In  this  way  we  can 
make  a  match  between  a  mixture  of  spectral  red  and  green  on 
tlie  one  hand,  and  sncctral  yellow  on  the  other,  comparing  the 
mixed  sensation  derived  from  two  parts  of  the  spectrum  with 
the  sensation  derived  from  a  single  Q'ellow)  part.  Wu  huvv  to 
atljUMt  the  quaiitititHi  of  red  light  and  green  light  until  the  truz- 
ture  seemH  of  the  same  hue  and  tlie  »anie  brightnetts  ait  the  yel- 
low, not  shewing  cither  a  reddish  or  a  greeimb  tone.  Wlieo 
thU  is  done  it  ia  found  that  different  people  differ  very  materi- 
ally as  to  the  proportion  of  red  and  green,  the  proportion  of  the 
intensities  of  the  two  sensations,  nccessitry  to  make  the  uiateb 
with  yelliMV ;  with  the  jame  quantity  of  ivd  some  need  mon 
green,  others  less  green,  Ifi  make  the  match.  This,  ou  th« 
Young-IIehuboltz  thenrv,  is  interpreted  as  meaning  thftt  the 
development  of  the  rctl  and  green  primai-y  sensations  diFTen 
even  in  [loojdu  whose  colour  vision  ia  considered  normal.  Hut 
on  Ilering's  tliuiuy,  in  wliicii  yellow  is  a  fuudiimental  seuKntion. 
it  may  be  inlcrpretcd  as  meaning  thai  lu  passing  along  the  spee- 
truni  towai-ds  the  red  end,  the  itoint  at  which  the  yellow-blue 
substance  ceases  to  be  affected  by  rays  of  light,  is  phice<I  much 
nearer  the  red  end  in  some  people  than  in  otTiera.  By  Hering's 
hy[Totbosia  the  green  of  the  spectnun  affects  not  only  the  red- 
green  substance,  cf.  Fig.  !<>]  (m  way  of  anabolistn),  but  also  to 
some  extent  tlio  yellow-bhie  sulistanco  (in  way  of  katalxjlism) ; 
the  rytl  ray.-*  ou  the  olber  harnl  atTect  the  yellow-blue  substjtnco 
very  slightly,  while  the  (pure)  yellow  mys  are  neutnU  to  the 
red-green  substance  producing  neither  kataliolic  red  nor  ana- 
bolic green,  but  simply  yellow  oy  katabolic  action  on  tlie  yellow- 
blue  substance.  This  at  least  represents  the  condition  of  the 
majority  of  eyes.  H,  however,  we  suppose  that  in  other  eyes 
the  yellow-blue  sub^Unce  is  considerably  nfTccted  by  red  rays, 
if  in  Fig.  151,  we  suppose  the  curve  representing  llie  yellow 
sen.sation  to  be  considerably  extended  townrils  the  red  end.  Id 
these  eyes  the  red  raya  wou'ld  give  rise  to  a  sensation  of  vellow 
at  the  same  time  that  they  excited  a  sensation  of  red.  tlie  red 
would  be  mixed  with  yellow ;  hence  in  such  eyes  a  certain 
amount  of  red  being  alivady  mixe<l  with  yellow  would  need 
leas  green  (with  its  neceaaarily  accompanying  yellow )  to  pro- 
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duco  a  certain  amount  of  yi'^llow  as  tlitf  result  of  tlic  mutunl 
neiitnili/.ntioii  of  (lio  t'i.'rl  anil  f^rec-ii.  In  such  casex  wu  tiiay 
8U]ipoAe  not  that  the  wimle  r<;laCion  of  the  yellon-bliio  Hiik-ttaiicti 
tn  wave-lt*ngths  is  altered,  but  merely  that  the  sensitive ness  to 
lonjr  wave-len;rtb  is  increased :  the  curve  of  the  yellow-bluo  ia 
not  shifted  bodily  along  the  Hpectriim.  but  the  form  of  the  curve 
i^  altuiXHl  Ko  that,  the  maximum  of  ycUovr  remaining  the  same, 
the  yi'llow  end  i»f  tho  curve  exlendx  further  into  the  red.  Not 
only  lhi.s  match  of  red  «nd  groon  with  yellow,  but  other  niafclies 
of  a  Himitar  nature,  tthew  that  in  different  eye»  the  yellow  sen- 
sation (in  lleriiig's  HenHe)  in  more  prominent  in  some  (wojile 
tlmn  in  othei-s.  that  some  i>eople  so  to  speak  are  more  yellow 
uiglitcd  than  otberx. 

The  spjili cation  of  lliit;  (act  to  the  colour-blind  cases  is  obvious. 
In  the  one  cXasif,  the  red-blind  of  the  Voung-Helmhultz  theory, 
the  relations  of  the  [irlmary  Menmilions,  the  distribution  nlong  the 
Kpectruui  of  the  visual  sulistanccs  are  the  same  a^  in  the  normal 
eye  save  that  the  red-green  sulistance  and  the  corresponding 
sensations  are  missing:  and  since  the  visibility  of  the  red  end  of 
the  8|JCctrum  is  chiefly  affeuted  by  the  red  sensation,  the  white- 
Llaek  subMtancu  being  a»  compared  with  the  rod-gi«en  nubiitance 
but  slightly  sensitive  to  the  extreme  niy«,  the  spectrum  ia  short- 
ened. The  feeble  white  visual  iinpul.-se»  excil«d  are  insuflieient 
to  affect  conseiou.ineKs  unless  suppoileil  by  red  visual  impulses. 
In  the  second  class,  the  yellow-blue  sultstance  has  undergone  an 
expansion  similar  to  bnt  pmliably  greater  than  tiiat  which  obtains 
ill  the  yellow-sighted  but  otherwise  normal  eyes  mentioned  above, 
it  ia  sensitive  to  oven  the  lays  nt  the  red  end  of  tlie  sjiectrum ; 
beticu  the  s)N:ct£uui  to  eyes  of  this  cluits  sceiua  of  tlw  onliiwrjr 
visible  length. 

§  366.  So  far  then  lx>th  theories^  may  1)0  made  lo  explain 
tiie  ordinary  phenomena  of  eolonr-lilindness:  but  it  ia  obvious 
that  the  subjective  condition  of  the  colour-blind  must  be  different 
according  to  one  theoi-y  from  what  it  is  according  to  the  other. 
According  to  the  Young-IIelmholtz  theory  the  red-blind  person 
docs  not  experience  in  any  degree  the  sem^ntion  of  either  red  or 
yellow ;  from  the  green  of  the  spectrum  to  the  red  end  he  only 
seea  some  sort  of  green.  Indeed  along  the  whole  s[iectrnra,  the 
flensxtions  which  he  experiences  are  only  various  kinds  of  green 
and  blue,  with  various  amounts  of  the  sensation  whatever  it  lie, 
whether  white  or  simply  green-blue,  or  some  other  sensation 
unknown  to  the  normaJ  eye,  which  results  from  the  mixture  of 
the  green  and  blue  sensations.  Tbo  green-blind  iienon,  accord- 
ing to  the  same  tlieory,  has  only  tlic  Hen»ationa  of  red  and  blue, 
with  the  .son-^ation  whatever  it  may  be  derived  from  the  mixture 
of  these  two,  he  never  baa  the  sensation  of  either  green  or  yellow. 
Obrioualy  the  sensations  of  the  two  classes  ought  to  differ  very 
widely.    According  to  llering's  theory,  both  classes  agioe  in 
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seeing  neither  red  nor  green,  ull  Lhvir  sensations  are  mndc 
Tvllow  luid  bliii-,  Willi  wtiitu  niid  blaok,  nntl  llie  only  diffLTcitce 
butwccn  the  two  olatses  is  ihiit  the  one,  tiie  green-blinti  of  llie 
ullier  ihi'oiv,  see  inoi-e  yfllnw  than  do  the  other. 

§  5€9.  We  luive  treated  of  the  colour-blind  aa  if  they  were 
coittiited  to  those  who  confounded  red  with  green.  According 
to  the  Young-IIelmholtz  thtsnry.  another  ehiss  of  colour-blind  ia 
pOHsible,  the  violet-  or  blue<blind,  thosu  who  whilo  possessing  red 
ttud  gr«cii  scnsntions  luck  the  lliini,  violel  or  blue  svosation. 
Such  n  kind  of  vision  is  iiiipossible  on  Hering's  theory;  aeeonl- 
ing  to  tliHt  tlieory,  if  a  ^)ei>on  fails  to  see  blue,  he  must  idso  fuil 
to  see  yellow. 

Lastly  we  may  reniarlt  that  altsolute  coIour-blindnefH,  ft  con- 
dition in  which  shiidcs  of  hlivck  and  wliite  alone  inflicate  tita 
features  of  ext«rn<d  ol^jeets,  while  jMissihle  on  llvriug's  theoiy, 
18  impossible  on  the  Voung-Hclmholtz  theory.  AccortUng  ta 
the  latter  a  |iei^un  redueed  to  nne  primary  sensation  must  see 
either  ivd,  green,  or  blue;  this  one  sensation  i»  exeikMl  in  him 
both  by  objects  whieh  we  ealle<l  coloured  and  by  objticls  wlueh 
we  call  white.  He  would  [(robably  call  it  white;  but  itwould 
be  eitber  red,  green,  or  blue.  According  to  Hering's  theory 
he  might  still  see  white  and  black  in  the  total  absence  of  both 
the  red-gi'ceu  and  the  ycllow>bluu  suhstiuico.  Now,  eases  do 
undoubktlly  oeeur,  tliongli  they  are  ixjlatively  rare,  of  marked 
cobuu-blindness,  which  are  neither  red-blind  nor  green-blind. 
Cases  further  occur  wliii-h  may  Ite  deserll)ed  as  eai«es  of  total 
colourless  blindnem;  the  subject  recognir.ea  only  differences  of 
luminosity.  Cases,  moreover,  occur  in  which  one  eye  only  is 
affected,  the  other  being  normal,  so  that  the  subject  can  describe 
the  sensations  of  the  itfFectvd  eye  by  help  o£  those  of  the  normal 
eye;  and  a  not  small  number  of  eases  occur  in  which  tlio  defi- 
ciency of  colour  sensation  is  not  congenital,  affecting  the  whole 
of  the  eye,  but  the  result  of  disease,  and  limited  to  a  pari  of 
the  retina,  the  rest  of  which  may  be  normal.  And  it  might  be 
thought  that  by  an  examination  of  these  several  oases  it  would 
be  easy  to  decide  dciinitcly  between  the  two  theories.  But 
when  this  exaniinatiuii  is  carried  out.  many  difficulties  arise  in 
the  way  of  reaching  sueh  a  decision;  and  indeiHl  some  of  the 
facts  observed  seem  compatible  with  iicitlier  theory.  A  full 
disctis^ion  of  these  difhcultjcs^ — ^and  only  a  full  di«ei>ssioD 
would  l)e  satisfactoiy  —  is  impossible  here.  We  may  simply 
remark  that  when  we  said  tJiat  absolute  colmu'-hlindnBas,  the 
limitation  of  visual  sensations  to  those  of  black  and  white,  was 
impossible  on  the  Young-IIelmhoItz  theory,  we  should  have 
a<ldcd,  unless  it  be  supposed  that  iu  such  cases  all  the  three 
primary  sen.sations  coincide,  none  of  them  being  absent,  much 
in  the  same  way  that  two  may  be  supposed  to  coincide  in  red  oi 
gicttU  blindness. 
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§  570.  What  w<i  have  said  voiiceruing  colour  vUiuu  refont  to 
the  cenlriil  jjarte  of  the  retina  only,  if  a  coloured  objucl  be 
moved  so  tliat  tUt  image  tiaveU  from  the  central  to  the  |>fri[ih- 
eral  parta  of  the  retina,  the  colour  sensationit  change  and  the 
peripheral  parts  may  he  sijokeii  of  as  colour-blind.  Thus  the 
sensation  of  red  is  lost  towards  the  pi-riphery.  which  maj'  \>e 
spoken  of  us  red-blind,  wliih?  in  t)iu  Munu  region  other  »ensa- 
tion»,  si  alt  ovviit8  that  of  blue,  are  tttill  full.  At  the  vxtrome 
periphery  even  blue  U  wanting,  that  \s,  all  the  primarv  seinia- 
tions  are  wanting,  and  yet  we  receive  by  it  uiicoloured  .-lensa- 
tionfl,  AennationH  of  black  and  white.  But  these  ]ihcnoincna  of 
peripheral  colour  vision  also  nt^ed  a  fuller  discuiiiiioti  than  we 
can  afford  to  give  them  here. 

§  571-  Infiueiwe  of  the  pigmeHt  of  the  yfllow  tpot.  In  the 
muctita  lutea,  or  yellnw  ttpoi,  the  yellow  pigment  which  is  dif- 
fu!«ed  through  the  retinal  structures  in  thiit  region  alKtorlw  some 
of  the  greeninb-bUie  mys  of  the  light  which  falU  njton  it.  We 
ma^'  use  ihiH  feature  of  the  vellow  spot  for  tlie  pur^toxe  of 
making  the  ai»t,  so  to  speak,  visible  t«  ourselves,  by  the  follow 
iiig  experiment.  A  solution  of  chroniv  alum,  whicli  only  trnus- 
mits  red  and  greenish-blue  my^,  is  held  up  between  th«  eye  and 
a  white  cloud.  The  greenish-blue  niys  are  absorbed  bv  the 
yellow  iipot,  and  here  the  light  givea  riite  to  a  sensation  of  i^cd; 
whereas  in  the  rent  of  the  field  of  vision,  tlie  senitalion  in  tlmt 
ordinarily  produced  by  the  purplish  solution.  The  vellow  spot 
is  consequently  marked  out  as  a  rosy  patch.  This  very  sood 
however  dies  away. 

Though,  when  we  wish  our  vision  to  be  most  acute,  we  use 
the  fovea  centralis  in  which  the  pigment  is  extremely  scanty  or 
alwent  owing  to  the  thinness  or  ablieuce  of  all  rotinal  layers  ex- 
cept the  cones  and  cone  tibres.  slili  in  oMinary  vision  we  make 
lai^e  use  of  the  whole  yellow  sjiot.  and  our  sensations  of  the 
colour  of  external  objects  must  be  to  a  certain  extent  influenced 
by  the  pigment  of  the  spot.  The  light  which  reathes  the  rods 
and  cones  of  this  region  from  objects  which  wo  call  white.  Is  in 
reality  more  or  less  tinged  with  yellow;  in  other  words  what  we 
call  white  Is  more  or  less  yellow.  Imleed  variatious  in  the 
amount  of  pigment  present  in  the  vellow  spot  liave  been  offeix-d 
in  explanation  of  some  of  the  differences  in  colour  virion  din- 
cusaed  aljove. 

§  572.  In  speaking  of  the  relation  between  a  visual  sensa- 
tion and  the  intensity  of  the  stimulus  (§  550)  we  were  couhning 
our  remarks  to  white  light ;  when  wc  in<]uiru  into  the  behaviour 
of  our  colour  sensatious  under  variations  in  tlw  intensity  of  the 
atimultis,  we  cmue  upon  results  which  are  in  many  ways  com- 
plicated. We  must  be  content  with  pointing  out  one  or  two 
only  of  thetie. 

Each  of  our  colour  sensations,  when  the  light  giviug  rise  to 
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it  reaches  a  certain  intensity,  cccul-^  Lo  be  u  colour  sensatio 
and  becomes  n  sensation  of  wliite.  'Die  theory  of  tlirco  primai 
colour  sciisiitioiis  iimy  bo  ut<,eil  to  explain  tliis.  Tlui»,  ukin 
violet  as  a  [niiniiiy  sciwation,  a  violet  liglii  of  moderate  intausil 
apptiiirit  viulet  because  it  excit<>»  the  piimary  ftensntion  of  viol 
much  more  than  those  of  gi'een  and  rod.  If  the  atimulua  1 
increased  the  maximum  of  violut  stimuhition  will  be  rcacbe 
while  the  »timulatiuu  of  grctm  will  continue  to  bu  tucrcu8«d  at 
even  that  of  red  to  a  slight  degree.  The  result  will  be  that  tl 
lifjht  n|>|)Citrs  viulet  mixed  with  p-ecn,  ihnl  is  to  say.  appea 
bin*;.  If  ths;  stimuhit  Iw  nUU  further  inereawd  whilo  the  grc* 
and  vioh-t  are  botli  ntill  largely  excited  the  red  stimulation  nu 
be  increased  until  tlie  result  is  violet,  green,  and  red  in  the  pt 
portions  which  make  white  light.  And  so  with  light  of  oth 
colouni.  But  the  smuic  iacbs  may  also  be  explained  on  llenog 
theory,  for  this  supjioses  that  tite  stock,  so  to  speiak,  of  wbil 
black  suljHtuncu  is  far  greater  than  that  of  cither  of  tho  oth 
txvrt  visual  substaneem  benee  under  violent  Htimulation  tl 
white  sensation  wholly  overpowers  any  «ccomi)an}ing  coloi 
sensation. 

Conversely  when  the  intensity  of  the  stimulus  is  diminishe 
colour  sensations  may  disupiwar  before  all  seuaation  of  light 
lost.  When  tho  licht  is  very  dim  we  ceasw  to  recognize  tl 
colour  of  coloured  objects  though  wo  continue  to  see  the  objecl 
And  tliis  is  not  merely  becau.'te  the  white  liglit  relleotcd  fro 
the  object  (And  it  is  thi-onp^h  this  that  we  chiedy  t>ecome  nwa 
of  the  form  of  an  object)  is  more  powerful  than  the  jiarticuL 
ravs  which  give  the  object  colour;  since  even  a  saturated colo< 
heliavea  in  the  same  way.  If  with  a  feeble  illuminution  we  atlo 
a  very  small  part  of  tlio  8]H>ctrum  to  full  on  tho  nitina,  we  a 
much  mure  distinctly  conscious  of  a  sensation  of  light  than 
any  partlculivr  colour  sensation ;  indcerl  the  minimum  scnsatt< 
thus  felt  has  been  called  a  *grey'  for  all  |inrt«  of  the  spectnii 
Moreover  the  colour  which  is  flrat  recognized  upon  gradual 
increasing  the  illumination,  appears  less  saturated,  that  is  los 
apparently  more  mixed  with  white  than  when  a  large  amount 
light  of  the  iRimo  refrungibility  falls  on  the  retina;  and  sui 
distinct  colour  sensation  as  may  be  felt  nt  ihu  hrst  momunt  < 
looking  at  au>di  a  light  soon  diminishes,  giving  way  lu  a  mc 
sensation  of  light. 

When  we  attempt  to  compare  one  colour  sensation  wil 
another  in  reference  to  their  behaviour  towards  variations  in  tl 
intensity  of  tho  stimulus  we  find  the  results  to  a  certain  extei 
conflicting.  When  wu  diminish  the  intensity  of  the  stimulus  I 
diminishing  general  illuitiinntion,  when  wc  look  for  instance  i 
objects  in  nature  und<;r  lighi  of  varing  intensity,  we  Ibid  tli 
the  colours  change  uneqnaily  ns  the  light  dimini.thes;  a.s  is  w< 
known  the  colours  of  flowers  look  very  diSei^nt  when  ui^b 
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fiiliing  from  what  they  do  under  bright  daylight.  In  particular 
\r«  find  that  as  the  light  diniinislieH  red  senmitions  anu  hUo  yel- 
low sen^tioiis  disappenr  earlier  tJiaii  blue  sonsiitions.  Hence  ia 
dim  lighte,  iis  those  of  evening  and  moonlight,  blues  pn;|xindci^ 
nt«.  n-(U  and  yellinvD  being  le«s  obviuun,  wliereiw  in  bright  lights 
yiiUows  and  rcd.s  bvemnc  pruniiriunl. 

On  iho  other  hiiiid,  if  we  test  our  sengitiveness  to  different 
colours  in  a  different  way  we  get  re^ultA  which  are  oppntted  to 
the  above.  If  for  instance  we  determine  the  diHtance  at  which 
we  cease  to  recognize  the  colour  of  a  piece  of  coloured  jmixT,  say 
1  cm.  square,  we  find  that  the  blue  goes  first,  then  given  and 
next  yellow,  red  being  recogniMble  at  tho  longest  disUmec, 
thoiigli  tho  difference  between  red  and  yellow  is  not  vtfry  great- 
It  will  1»c  unilewtood  of  course  that  in  this  experinienl  we  are 
■It-aling  not  only  with  diminirthed  enei~gy.  with  diininiithed  ampli- 
tude of  the  himinouii  waves,  but  also  with  a  diminished  area  of 
retinal  stimulation. 

Or  again,  if  we  take  tlie  heating  effectii  of  rays  of  different 
wave-lcnglhs  as  a  measure  of  their  energy,  wo  may  dvt«nnina 
tlie  amount  of  uiicrgy  needed,  in  the  case  of  the  acveral  eolouns 
to  produce  a  given  visual  efiV-ia.  Wiien  tbi-s  is  done  it  is  found 
tliat  the  rav»  in  the  green,  about  wave-length  \  530,  are  the  most 
effective ;  from  this  part  of  the  spectrum  tlie  efficiency  declinea 
both  towards  the  violet  and  the  red. 

Tlio  three  several  methods  lead  to  tliree  different  results, 
the  ono  teaches  that  blue,  the  other  that  red  or  yellow,  and  the 
thini  that  green  is  the  colour  to  which  the  eye  is  most  sensitive. 
it  would  be  hanardons  to  found  iniportAnl  conclusions  on  any 
of  them. 

There  are  several  other  facts  of  considei-able  importance 
bearing  on  tho  theory  of  colour  vision,  but  it  will  be  beat  to 
consider  these  in  connection  with  certain  mollifications  of  visual 
sensations  with  which  we  shall  have  presently  to  deal.  Mean- 
while having  ociguired  some  general  notions  of  visual  sensfu 
lions,  we  may  turn  fit>ni  the  Btudy  of  the  little  we  know 
concerning  the  way  in  which  these  sensations  onginate  through 
retinal  changes,  to  the  study  of  the  way  in  which  light  falling 
on  the  retina  gives  rise  to  visual  impuUea. 
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I  573,  We  have  already  called  attention  to  the  importar 
fact  tlmt  the  changes  wluch  give  rise  to  visual  iuipiiUai  hegi 
oil  the  outer  sidu  uf  the  rotiiia,  that  the  rayn  of  light  pai 
thniugh  the  iiiuiT  Liyt-i's  of  the  leliuu  without,  us  far  as  w 
kuuw,  producing  any  effvct,  and  do  not  begin  their  work  uiit 
they  reauh  the  region  nf  the  rods  and  coMt^4.  It  is  in  tli 
region  thiit  the  envrgy  of  light  ia  ti'an^forined  into  etiei'gy  i 
another  kind ;  and  the  pi-oceh-ses  here  8tart«d  travel  hack  to  tl 
layer  of  tibies  in  the  inner  surface  of  the  retina  and  theiic«  pai 
as  visual  impuUcs  along  tlic  oiHic  nerve.  That  on  the  or 
hand  the  optic  fihrcs  thems«lve»  arv  insensihle  to  light  and  thi 
on  the  otht'r  hand  visual  inijiulsex  do  bi^gii)  in  the  ix-gioii  of  tl 
rods  and  coneii  i«  shewn  hy  tlie  phenomena  of  thfe  blind  sp 
and  of  I'urkinj^'a  figun.>ft  re»peotiveIy. 

Tfic  Blinti  Spot.  Tliere  is  one  part  of  the  retina  on  wliit 
mys  of  tight  falling  give  rise  to  uo  sensations:  ihi^  ih  th«  e 
trance  of  the  optic  nerve,  and  the  corresponding  area  in  t( 
lield  of  vision  is  called  the  blind  spot.  If  llie  visual  axis  of  oi 
eye.  the  right  for  in»tniK'«.  thu  other  Wing  dotted,  be  fixed  c 
a  blaok  spot  in  a  whitv  sheet  of  ])a|>er,  and  a  auuiU  black  objec 
suuh  at  the  point  of  a  qiiill  pen  dipiied  in  ink,  be  niov^-d  grail 
ally  from  the  black  .spot  sideways  over  the  paper  away  inM-ari 
the  oulaide  of  the  tiekl  of  vision,  at  a  certain  distance  the  blat 
point  of  the  quill  will  disappear  from  viovr.  On  continuii: 
the  movement  still  faithor  outward  the  point  will  again  con 
into  view  and  continue  in  aight  until  it  is  lost  in  the  jicrtphej 
of  the  field  uf  vision.  If  the  pen  be  u«vd  to  make  a  mark  < 
the  paper  at  the  luonH-nt  when  it  i.t  lost  lo  riew  and  at  tl 
moment  when  it  cotiiea  into  sight  again,  and  if  simihir  niiirk«  ] 
made  along  the  other  meridians  as  well  a.t  the  liorizontal,  t 
irregular  outline  will  be  dravrn  circumscribing  an  area  <^  t) 
fielti  of  vision  witliin  which  rays  of  light  produce  no  viau 
sen-iatioiis.  This  is  the  blind  spot.  The  dimensions  of  tbe  fi 
ure  drawn  vary  of  couree  with  ihv  distance  of  the  paper  (ro 
the  eye.  If  this  distaiKrc  be  known,  the  size  a^  well  as  tl 
position  of  the  ureu  of  the  retina  coiresponding  to  the  bliiiJ  8p< 
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inny  bo  cftleiiUtod  from  the  diftgrammfttic  eye  (§  527).  Tho 
position  tliiiN  ik-i'-rmiriud  coincides  exftotly  with  tho  entrance  nf 
thenjitic  nerve,  ami  the  diinen!iinn8(aiMint]'i>  mm.  diameter)  altto 
correspond ;  the  exact  size  and  shaite  of  tlie  blind  snot  drCTers 
however  in  different  individuala.  While  drawing  tne  outline 
ail  above  directed  tht;  indications  of  the  lui^e  brtknches  of  the 
rctinftl  vcssfls  ii*  they  divvrge  from  the  entrance  of  th«  nerve 
ciui  frcqiR-nlly  bo  rpeoRiiiKCu.  TIib  exij*t«ace  of  the  blimi  spot 
is  also  ^h'-wn  by  ihi;  fju:t  that  an  image  of  light,  sntRcicntly 
i4mall.  thrown  upon  the  optio  nerve  by  means  of  the  ophthal- 
moscope, gives  rise  to  no  sensations. 

The  existence  of  the  blind  spot  proves  that  tho  optic  librea 
themselves  arn  insensible  to  light.  tliiU  light  can  stimulate  them 
only  through  the  iigvucy  of  tho  rvtinul  structures  in  which  they 
end. 

§  $74.  PHrkinj^t  Fiy«re«.  If  one  ent«n«  a  dark  nwim  with 
a  candle  and  while  looking  at  a  plain  (not  ^jarti-cnloiireil)  wall, 
moves  the  candle  np  and  down,  holding  it  on  a  level  with  the 
eyes  by  the  side  of  the  head,  there  will  appear  in  the  field  of 
vision  of  the  eye  of  the  same  side,  projected  on  the  wall,  an 
image  of  the  retinal  vessels,  similar  to  that  seen  on  looking  into 
an  i-yc  with  lite  oplithalmosci)i>e.  The  ticM  of  vision  is  illumi- 
imte<l  witii  a  gl^Lre,  and  on  this  thu  brmcheil  retinal  vcs-^cls 
appear  a.s  shailow-s.  In  this  mode  of  exjwrimenting  the  light 
enters  the  eye  through  the  enmea,  and  an  image  of  the  candle 
is  formed  on  the  nasal  side  nf  the  retina;  it  is  uie  light  emanat- 
ing from  this  image  which  thmwa  slmdowa  of  the  retinal  vessels 
on  lo  the  rest  of  the  rctinti.  In  Fig.  1^3  the  Ugbt  a  forms  an 
image  on  the  retina  nib;  the  light  reflected  from  this  spot  casts 
»  shadow  of  the  retinal  vossi-1  v  on  to  another  part  of  the  retina 
at  e,  and  the  image  of  tbi»  shadow  apjieais  in  the  tield  of  visioa 
at  d.  A  far  better  metlind  \&  for  a  second  person  to  cnncentmt« 
Uie  rays  of  light,  with  a  lens  of  lov  power,  on  tn  the  outaide 
of  tho  sclerotic  where  this  is  thin  inst  behind  the  cornea ;  the 
tight  in  this  ciuse  emanates  from  the  illuminated  spot  on  tha 
sclerotic  and  ixissingstraiglit  through  the  ritreous  humour  throws 
a  dintct  shadow  of  the  vcjwcls  on  to  the  retina.  Thus  the  rays 
pas.sing  through  the  sclerotic  at  h.  Fig.  loii.  in  the  direction  b», 
will  throw  a  shadow  of  the  vessel  f  on  to  the  retina  at  ^;  this 
vr\\\  ap[>eHr  as  a  dark  line  at  H  in  the  glare  of  the  lield  of  vision. 
This  proves  that  tho  structni-es  in  which  visual  impulsea  origi* 
Dftlc  must  lie  behind  the  retinal  vessels,  otlierwise  the  shadows 
of  these  could  not  be  perceived. 

If  the  light  be  movf^nl  from  fr  to  a.  the  shadow  on  the  retina 
will  move  m>m  ^  to  a,  aixl  the  dark  line  in  the  field  of  vision 
will  move  fnnn  It  to  A.  If  the  distance  BA  Iw  nu-asurcd  when 
the  whole  image  is  projected  at  a  known  distance,  k\\  from  the 
eye,  k  being  tne  nodal  point  (§  5:27)  of  the  reduced  diagram- 
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imitic  eye,  then,  Icnowin^  the  dUtuiicc  k$  in  the  di^rumnati 
eye,  the  disUnce  (ia  can  !«  cnluiilatud.  IJul  if  the  dut«iicc  j8 
he  thus  estimated,  and  the  distnnee  Ita  lie  directly  meiisurGd,  tk 
difttances  jdc  ay,  bv,  av  can  l>o  calculated :  and  if  the  appeannc 
in  the  tield  of  vidioa  u  really  cauaed  by  the  shadnir  of  y  fAllin 
on  fi,  thctte  distnnce!*  ought  Xo  correspond  to  the  distances  of  tl 
retinal  vessvLs  v  from  the  sclerotic  b  on  the  one  hand  and  fro: 
that  pAi't  of  the  retiua  0  u'Lcru  vUual  impressions  bc^ii,  oo  tl 
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other.  When  this  is  done  it  is  found  thitt  the  diHtanoe  $v 
CAlouhtted  voncsjKnids  fairly  well  to  the  dwiance  of  the  retin 
vessels  from  the  layer  of  rods  and  cones.  Tluis  i'urkinj^'s  li 
ures  prove  in  the  tiist  place  that  the  sensory  iinpali^es  whit 
form  the  ooininencement  of  vUual  sensations  orisioate  in  son 
part  of  the  retina  hehitiil  the  retinal  vesseb),  i.r.  somcwfae 
between  them  and  the  choroid  coat;  and  cnlculntious  based  i 
the  movements  of  the  shadows  following  niovcmeiits  of  tho  ill 
niinnlion,  even  if  they  do  nut  give  ultsoluU-ly  exact  resalts, ' 
lea.tt  go  far  to  shew  that  these  impulses  originat«  at  the  outt 
most  part  of  the  retina,  viz.  the  Uiyer  of  rods  and  cones. 

In  the  second  methoil  of  experimenting,  where  the  light  pasft 
through  the  sclerotic,  the  image  always  moves  in  the  snme  dine 
lion  as  the  light,  as  it  obviously  must  do.  when  the  spot  of  lig! 
on  Uie  sclerotic  is  moved  from  it  to  ^  (^ig-  lo2)  the  shadotr  i: 
the  retina  moves  from  a  io  ff,  and  the  (invcrt«-d)  image  movi 
from  A  to  It.  In  the  first  method,  where  the  light  enters  tliroui 
the  cornea,  the  image  moves  in  the  same  direction  as  tJie  li^ 
when  tJie  light  is  moved  from  side  to  side,  provided  tlie  tnor 
ment  does  not  extend  beyond  the  middle  of  the  cornea,  but  i 
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tlift  opposite  (Jirefttion  to  the  light  when  the  ktter  is  moved  up 
and  down.  In  Fig.  153,  which  represents  »  harizotital  Hcction  of 
an  eye,  if  a  be  moved  to  a,  />  (ibc  illtiiniiKitvd  upot  on  the  rctiaii, 
tho  light  rcfluctt'd  from  whit;!)  ca.sW  a  shadow  of  »  on  lo  c)  will 
move  lo  0,  the  uliudow  on  the  retina  e  to  y.  and  llic  image  >/  to  S. 
If  on  the  other  hand  a  he  anppnsed  to  move  above  llie  plane  of 
the  paper,  h  will  move  below,  in  conseouence  irwilL  move  above, 
and  d  will  appear  to  move  below,  i^.  a  will  sink  as  a  rises. 


Fio,  168.    PiionAM  it,tr«Tii»Tisa  iiw  FoniMrios  or  Pi-fmisrj£'«  PiotTaei 

WBKK  run   iLl.rMimTIOM  n  niltKCTKn  tiiRoroii  tuk  Cuiikca. 

It  is  desiralile  in  these  cases  to  keep  moving  the  light  to  and 
fro,  e.ipeci^lly  in  the  first  method,  ninoe  the  retina  soon  beccnnes 
tired,  iind  ttie  image  fades  away.  To  give  rise  to  a  consdoiu 
sensation  of  the  slight  difference  between  shadow  anil  absenca 
of  shadow  the  retina  must  be  extremely  sensitive ;  if  the  sliadow 
remaini*  motionlcm,  the  sensiliveneni  rapidly  decreated  in  the 
ports  which  are  not  in  shadow,  until  the  vLtunl  Hensaiinn.-t  from 
these  parts  ai'e  no  cttronger  than  tboHC  from  the  parts  in  shadow ; 
when  the  light  is  moved  the  parts  whieh  were  in  shadow,  not 
having  been  so  much  stimulated,  are  sufficiently  sensitive  to 
tlie  light  which  now  falls  on  them,  while  those  parts  which  had 
been  previously  fatigued  recover  their  sensitiveness  by  resting 
in  the  ahadow.  The  exi>eriinent.  like  the  cx[>eriment  by  which 
the  yellow  sjwt  (!j  571)  is  made  visible,  in  incidentally  nw^fal 
as  shewing  hnw  extremely  sensitive  and  how  soon  fatigued  are 
the  retinal  i^t  nietiircs. 

Some  olMerveri*  can  recogniio  in  the  axis  of  vision  a  bint 
sliadow  corresponding  to  the  edge  of  the  depre-wion  of  the  fovea 
centralis. 

The  retinal  vessels  may  also  be  rendered  visible  by  looking 
thrnugli  a  nmall  orifice  such  as  a  pin-hole  in  a  canl  placed  close 
to  the  eye,  in  the  position  of  the  principal  anterior  foctLs  at  a 
bright  surface  snelias  a  white  eloud,  and  moving  the  oritice 
verj'  rapiflly  from  side  to  side  or  np  and  down.  If  the  move- 
ment be  from  side  to  side,  the  vesselit  which  run  vertical  will  be 
seen ;  if  up  and  duwii,  the  horizontal  vessels.     In  this  ca&c,  us  in 
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the  similnr  instance  of  shadows  cost  by  objects  in  the  vit 
hiinimir  (§  549).  the  shadow  is  c«i!t  by  tlie  my*  passiae  inrall« 
through  the  vitreous  humour;  huiiov  the  chiiiigv  fruiu  shadow  ti 
alisi'iice  of  shiidow  is  moiv  iiiarked  with  t)io  vtirticsl  resKl 
when  the  niuvuiiiciib  is  !«idewayit  and  with  L)iu  homoiital  vttad 
wheu  it  iji  up  itnd  down.  Tlie  line  capilUiy  v«»*t*Is  «e  se«l 
moruCiUfily  in  this  way  than  W  Pui'kinil'a  method.  The  jmhii 
Kppeaiances  iriAy  also  be  produced  by  looking  thi'ough  a  mioK 
80oj>e  from  which  the  objective  h»«  be«u  remov<^  and  th 
eye-piece  only  Ifft  (or  in  which  at  least  thcru  is  no  objec 
dislinctly  in  focus  in  tlic  fielil),  and  movinj*  the  head  rii|iidl 
from  side  to  sidu  or  biickwiiiilti  and  foiwanli*.  Or  the  niiciv 
scope  itself  may  be  moved;  a  ciicnlar  movement  of  the  tiel 
will  then  bring  both  the  vertically  and  horizontAlly  direete 
ve^elii  into  view  at  the  same  time. 

§  S75.  It  being  admitted  timt  the  proceses  which  give  tie 
to  visual  impulses  begin  somcwhero  in  the  region  of  the  rod 
and  cones,  we  have  to  ask  the  (]uestion.  How  do  thpy  begin  an< 
what  is  their  nature?  We  are  accustoniod  to  eonxider  Iigh 
as  the  undulations  of  an  vttier;  a  iiervon.'*  impuUe  is,  so  far  a 
wc  can  understand,  a  molecular  change  propagated  along  tb 
8nl)stance  of  the  axis  eylinder  of  a  nerve  fibre ;  and,  though  a 
we  liave  seen  our  knowledge  of  the  subject  U  very  limited,  nti: 
tlie  analogy  of  a  muscular  contraction,  and  of  other  responses  t 
living  snlwtance  to  a  stimulus,  lead  us  to  conclude  titat  chemict 
changes  play  a  part  in  this  moWcular  ehange.  By  what  Ktej 
does  the  uudulalioii  of  the  etht-r  give  rise  to  the  matcnt 
molecular  ulmnge?  In  attempting  u>  answer  this  question  w 
may  adopt  one  or  other  of  two  view». 

On  the  one  hand  we  may  suppose  that  tJie  X'ibrations  of  til 
ether  are  able,  through  the  means  of  the  retinal  ap[>anitU8of  th 
rodn  and  oonefi  for  example,  to  give  rise  in  some  more  or  ies 
direet  manner  to  the  molecular  vibrations  which  are  the  begii 
nings  of  the  nervous  impulses  in  the  optic  nerve.  And  tlie  nipi( 
ity  with  which  events  must  come  and  go  iu  the  retina  in  onU 
that  the  eye  may  be,  what  it  i.s  an  inHtmment  for  apprecintin 
rapiilly  repeated  minute  ehanges.  lends  supjtort  to  ibis  viev 
But  the  pvi-seiit  state  of  our  knowledge  of  ph^'sical  phenometl 
doc«  not  afford  us  an  adequate  explanation  of  how  such  a  dim 
transformation  can  i»e  effected.  I'hc  recent  progress  of  »cienc 
tends,  it  is  true,  more  ami  more  to  lay  Uire  the  close  relatioi: 
which  obtftin  between  optical  and  eleetric  phenomena,  and  tli 
latter,  aa  we  have  so  often  seen,  play  an  important  part  in  111 
generation  of  nervous  impulseii.  Then  again  many  of  tlie  phi 
nomena  of  fluorescence  seem  to  supply  a  bridge  lielween  th 
vibrations  of  ether,  and  the  vibrations  of  molecules.  lint  i 
neither  of  these  directions  is  it  possible,  at  present  at  all  event 
to  frame  a  liypotliusis  which  vau  bit  sutittfucturiLy  npplif 
retinal  pix)ce3ae8. 
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On  thfl  other  hand  we  may  perhaps  more  nntumlly  turn  tn  a 
cltcmk'til  fxiiliinntiiiii.  \W  ai:e  fiiinilinr  with  Ujc  fact  tliat  rays  uf 
light  «r«  nW«  1(1  bring  alwtut  the  decomjiiisitioii  of  vt-ry  many 
chuinical  titib:<UiiiceH :  and  we  accorclin),'ly  H]t«ak  of  these  sub- 
staiiocx  as  heing  seutiiti%'e  to  light.  All  the  facta  dwelt  on  iti 
tJti.-)  book  i^luHtrate  th«  crcnt  (7om|)lexity  nnd  corresponding 
inKtability  of  t3ie  connKWition  of  livitip  mutter.  And  we  might 
reasonably  suppose  that  living  nmtter  ib^ttlf  would  bo  sensitive 
lo  light;  timt  is  to  «iiy  that  r.tys  of  light  falling  on  even  undif- 
ferentiated prntopla-sniie  itnlbilaiice  might  itt-t  n])adeeiimpo«ilion 
of  tliitt  xnlKtlanee  and  so  bring  al>otit  a  molt-rnlnr  di.-'Lin-1>iin<^'e; 
in  othvr  wordtt,  that  light  might  act  as  a  direct  HtimuUitt  to  living 
matter.  As  a  matter  of  fact,  however,  wo  meet  with  very  little 
evidence  of  this,  especially  when  we  make  a  tlistinctioa  between 
thermic  raya,  rays  which  though  they  produce  physical  results 
are  to  us  mvisible.  and  luminous  rays  which  alone  when  they 
fall  on  our  retinu  give  ri!*e  in  us  to  tKe  sttnsation  of  light.  Nor 
can  we  be  surprised  at  this  apparent  indiffoi-enoe  of  Uviiig  maltvr 
towards  light  when  we  n>flecl  that  living  matter  in  what  we  may 
call  its  purest  form  is  remarkable  for  itn  transparency,  tliat  tit  to 
aay  the  rays  of  light  pass  ttirongh  it  witJi  exceedingly  little  ah- 
sorption,  itut  in  orcler  that  light  may  produce  chemical  effects, 
it  must  be  absorbed:  its  energy  must  he  sjx-nt  in  doini;  the  chemi- 
cal work.  Aeconiingly  the  liist  st*'(>  towiirils  the  fc'rm:«lion  of 
an  organ  of  vision,  that  is  to  say  an  organ  through  which  the 
body  of  a  living  Wing  reacts  towards  light,  ia  the  aiffereiilintiou 
of  a  portion  of  the  oubeitaiice  of  the  bocly  into  a  pigment  at  onoe 
oapahle  of  ahdorbing  light,  and  sensitive  to  light.  i.e.  undergoing 
decomposition  upon  exposure  to  light.  An  organism,  a  jmrtiou 
of  whose  body  hail  thus  become  dilTercntiatctl  into  snc) 
ment,  would  he  able  to  n-iict  towarfU  light.  The  ligl 
on  the  organism  would  K-  in  i«iit  al>*orlit!d  by  the  pigment,  ancf 
the  rays  lhu»  alviorl)ed  would  produce  a  chemical  action  and  xc-t 
free  ehcniical  Sulistances  which  before  were  not  present.  We 
liave  only  lo  suppose  that  the  chemical  aubstancea  tnua  produced 
are  of  such  a  nature  as  to  induce  other  chemical  changes,  or  ia 
some  way  or  other  to  act  as  a  stimulus  to  other  parts  of  the  or- 
ganism, (and  we  have  manifold  evidence  of  the  exquisite  sensi- 
tiveness of  living  matter  in  general  to  chemical  stimuli, >  in  onler 
to  see  how  rays  of  light  falling  on  the  organism  might  vxeit« 
movements  in  it.  or  modifv  movements  which  were  lieing  carried 
on,  or  might  otherwise  affeet  the  organism  in  whole  or  in  ]>art. 
A  comparatively  simple  illustration  of  this  is  afforded  by  Kome 
of  the  lowly  organisms  calle<l  kictcria,  esimciallv  by  the  one 
which  ha.s  been  called  bactt-rium  p/toFtmrtricum.  This  organism 
is  remarkably  sciuitivc  to  light,  mid  cojx^oiHlly  reacts  towards 
certain  rays  of  light.  It  is  cilourct  with  n  pnqdu  pigment, 
ap^iarently  Allied  to  chlorophyll ;  and  the  mys  of  light,  to  which 
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it  id  especially  seasitive,  are  just  tlioe«  which  ara  abaoibadl 
the  pigiiittiit. 

§  576.  Ph(}trK:hemi*tri/  of  the  Btlina.  Such  con^idcrntid 
US  till)  foieijoinjj  may  be  iijijilied  to  even  the  cimiplcx  urgaul 
viai<iii  of  tlie  lusher  aiilmaU.  If  we  sitppaie  time  tlie  acUial 
terminations  of  the  optic  nerve  ara  suiToniided  by  siiUttancei 
sensitive  to  light,  then  it  becomes  easy  to  ima^ne  liow  light 
fnlling  on  tlicsu  sensitive  substiiniH-s  should  set  free  cbetnicad 
bodies  possessed  of  tlie  property  of  acting  as  stimuli  to  the  actuAl 
nerve-en di lips  and  thus  jjive  me  to  visual  impuhses  in  the  opti« 
fibres.  We  .■«ay  "easy  to  imagine."  but  we  are,  at  present,  far 
from  l)einj^  able  to  give  delinite  proofs  thatxuch  an  expUnation 
of  the  origin  of  vi^iual  impulses  is  the  true  one,  probiil^e  and 
enticing  as  it  may  appear.  And  it  must  bo  remembered  that  in 
such  chemieul  chniigea  electrical  events  may  intervsDe  sod 
iu  a  special  way. 

One  of  the  mo«t  striking  fentures  in  the  8truetur«  of 
retina  lit  the  almiidani^e  of  b!aui<  pigment,  fnscin,  in  tlie  retinal 
epithelium.  It  is  diilicult  to  supgiose  that  the  sole  funellon  of 
this  pigment  is  to  absorb  the  supeiUnous  rays  of  light,  and  that 
the  rays  thus  absorbed  are  put  to  no  use  and  simply  wasted. 
And  indeed  it  has  been  shewn  that  the  pigment  is  sensitive  to 
light;  but  the  changes  in  it  induced  by  light  are  exoesaively 
«low.  Moreover  it«  presence  eannol  b»  of  fiiitdiuneiital  import 
tance,  since  vision  it  not  only  possible  hut  fairly  distinct  with 
Albinos  in  which  thU  pigment  is  alMent.  ^| 

Then  again,  iji  the  vast  majority  of  vertebrate  animals.  MP 
outer  limbs  of  the  rods  ara  suffused  with  a  purplish-red  pigment, 
the  so-called  visual  purple,  which  ia  so  eminently  senjutive  to 
light  thai  images  of  external  objects  mav  by  appropriate  means 
be  photographed  in  it  on  the  retina.  When  the  eye  of  a  frog  or 
of  a  mbbit  is  examined  In  an  ordinary  way.  with  full  exposure 
to  light,  the  retina  appears  colonrlens.  Hut  if  the  eye  Ix'  kepi 
in  the  dark  for  some  time  before  it  is  examined,  the  retina,  if 
i-emoved  mpidly,  will  he  found  to  be  of  a  beautiful  purplish-red 
or  pink  colour.  Upon  exposure  to  light  the  colour  cluinges  to 
yellow  and  then  fades  away,  leaving  however  the  retina,  not 
only  white  hut  more  opaque  than  it  was  before.  Uijon  exami- 
iiatinu  with  the  microi^cnpe  it  is  found  that  the  purple  colour  is 
confined  exclusively  t^  the  rotbi  and  to  the  outer  limbs  of  the 
rods,  the  inner  limbs  being  wholly  devoid  of  it. 

The  colour  of  the  rods  is  due  to  the  presence  of  a  distinct 
pigment,  the  "  visual  purple,"  diffused  through  the  suhettanoe  of 
the  outer  limbs ;  and  tliia  mav  be  extracted  from  the  rods  by  dta- 
sulving  these  in  an  utpieous  solution  of  bile  salts.  A  clear  purple 
solution  is  thus  obtained,  which  is  capaUe  of  being  bleached  by 
the  action  of  light,  and  In  ilit  general  fentuR-s  and  behanour  is 
similar  to  tlie  pigment  as  it  naturally  exists  iu  the  tctiaa. 
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Visaftl  pQiple  is  found  an  wo  linvo  enid  exclusively  in  tlie 
outer  limbB  ot  Ihu  i-oda ;  it  has  never  _v<rt  lx'i>ii  found  in  tlie 
cones,  and  it  is  accordingly  alwent  from  (or  exceedingly  scanty 
in)  the  retinas  (such  as  those  of  snakes)  which  are  composed  of 
cones  only  (or  contmn  very  feiv  rods),  and  from  the  greater 
part  of  the  macula  Ivttvix  and  the  whole  of  the  fovea  centmlis  of 
the  retinas  of  man  fttui  the  ape.  The  intensity  uf  tlic  coloration 
varies  in  dilTercnt  animals,  and  the  rutiniui  even  uf  soiue  animals 
poi^eAsinj;  nKU  (liat.  dove,  hen)  seem  to  lie  wholly  di^volil  of  the 
visual  purple;  it  U  generally  well  marked  in  retinas  in  which 
the  outer  iimtis  of  the  i-ods  are  well  developed.  Its  atueuce  or 
presence  U  not  dci^cndent  ou  nocturnal  habitH,  since  the  inteuiie 
colour  of  the  ri^tuia  of  the  owl  in  in  strong  contrast  to  the 
abHcnee  of  colour  in  the  bnt.  It  hits  been  found  in  tlie  retina 
of  the  cmhryo. 

The  visual  purple  is  hleaehed  not  only  by  white  but  also  by 
monochromatic  light.  Of  the  various  prismatic  rays  the  most 
active  are  the  greenish-yellow  rays,  those  to  the  blue  side  of 
these  coming  next,  the  least  active  being  the  red.  Now  it  is 
precisely  the  greenish-yellow  niys  which  are  most  readily  ab- 
sorbed by  the  colour  itself.  A  natural  colour  retina  or  a  solu- 
tion of  visual  purple  nivea  a  diffuse  spt-ctrum  without  any 
defined  alworjition  bands,  and  according  to  llie  amount  of  colour* 
ing  material  through  which  the  light  pa,sses,  aliMorjitiou  is  seen 
either  to  lie  limitea  to  ihe  greenish-yellow  part  of  the  spectrum 
or  to  spread  thence  towards  the  blue  and.  to  a  much  less  extent, 
towartw  the  red.  Thus  the  various  prismatic  r«v»  produce  a 
photochemical  cfTcct  on  the  visual  purple  in  prnpoilioti  as  thoy 
are  absorlMid  by  it.  Under  tlic  action  of  light  the  visual  purple, 
whether  in  solution,  or  in  its  natural  condition  in  the  rods,  passes 
through  a  purplish  orange  to  a  yellow,  and  linally  i>ecomes  colour* 
less;  and  we  appear  to  be  juslilied  in  speaking  of  a  "visual  yel- 
low "  and  *'  visual  white "  as  products  of  me  photochemical 
changes  undergone  by  the  visual  purple. 

For  the  restoration  of  the  visual  purple,  after  it  has  been 
destroyed  by  light,  the  mnintenanco  of  the  circulation  of  the 
blood  thn>ugh  the  tissues  of  the  eye  is  not  (-ssential.  The  reti* 
nal  epithelium  has  bv  itself,  provided  that  it  still  retains  its  lis* 
sue  life,  the  power  of  regener-iting  the  purple.  If  a  jmrtion  of 
the  retina  of  an  exoLsed  eye  be  raised  from  its  epithelial  bed, 
bleached,  and  then  carefully  restored  to  its  natural  position,  the 
purple  will  return  if  the  eve  lie  kept  in  the  dark. 

If  the  image  of  some  bright  obj(>ct  such  as  a  lamp  or  a,  win- 
dow  bo  thrown  on  to  the  retina,  cither  of  an  eye  in  its  natural 

Cositioii  or  of  (me  recently  excised,  care  having  been  taken  to 
eep  the  retina  for  some  time  previous  away  from  all  ra\'s  of 
light,  the  portion  of  the  retina  on  which  the  rays  have  fallen 
will  l>o  found  to  be  bleached,  the  rest  of  the  retina  remaining 
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purj)le.     In  fact  an  " optogiain  "  of  external  olije^ts  may  llm 
DC!  nhuineil ;  aitti  if  tbti  rellna  Iw  n.'iiiovcd  and  Irt^ted  with 
4  p.c.  aolutinn  of  potiwh  alum  l)t;foiv  llie  relinal  epittieliiim 
hml  time  to  obliterate   the  IJpai^hitig  effects,  the   retina  majj 
remain  permanently  in  that  condilion:  the  photochemical  cffcc 
may.  as  iho  photographers  say.  be  "  fixed." 

It  seemca  very  tisniptiiiff.  csjwcially  upon  the  first  dLscorcT^ 
nf  it,  to  suppose  that  this  visual  purple  is  directly  concerned  in 
vision.  If  \\v  suppose  that  visinil  pnrpW  itsulf  i»  ineil  towards, 
produce*  no  effm^t  nn,  the  endinjjs  nf  the  optio  nerve,  but  that 
either  visual  yelloiv  or  visual  white,  i.e.  some  product  of  the 
action  of  light  on  visual  purple,  may  act  as  a  stimulus  to  those 
endings,  the  way  seems  opened  to  understanding  how  rays  of 
light  can  give  ri-ic  to  settsory  impulses  in  the  optic  itervc.  And 
such  a  view  ivceivcs  iuL-identiil  support  from  the  fact  that  the 
visual  etlioicncy  of  rays  of  difTcrent  wave-lengths  corri>s[>on(U 
very  closely  to  their  plioliicheinieal  elliciency  towards  visual 
purple:  the  greenish-yellow  rays  which  ai-e  most  active  towariLi 
visual  pur[ile  are  precisely  those  which  seem  to  us  the  brighteet* 
moat  luminous,  which  produce  the  greatest  effect  on  our  con- 
sciousness. But  visual  purnlo  is  absent  from  thv  cones,  it  is  in 
ourselves  aliteut  from  the  fovea  centralis,  the  region  of  most 
distinct  vision ;  it  is  further  entirely  wanting  in  some  animals 
which  undoubtedly  see  very  well ;  and  lastly  animals  snch  as 
frojja,  naturally  possessing  the  pigment,  continue  to  see  very 
well  and  even  apparently  to  see  colours  when  their  visual  pur- 
ple has  been  absolutely  bleached,  as  it  may  be  by  prolonged 
exposure  of  the  eyes  to  strong  light.  We  cannot  iJicrcfore.  at 
present  at  Icitst,  explain  the  origin  of  visual  impulses  by  the  help 
of  visual  purple.  It  is  dtfllcult  to  suppose  that  it  plan's  no  part 
in  the  origination  of  visual  irn])iil.ses;  hut  even  in  a  photixhemi- 
cat  theory  of  vision  we  eannot  allot  to  it  more  tlian  a  sulHiiliary 
function,  possibly  something  analogous  to  the  ".sensitiwr"  of 
the  photographer.  At  the  aame  time  its  histon,'  suggests  that 
some  substances,  sensitive  like  it  to  light,  but  unlike  it,  colour- 
less and  therefore  escaping  observation,  may  existi  and  by  phott^H 
chemical  changes  be  the  means  of  exciting  the  optic  ncrvcs^^ 
hut  if  so  we  must  suppose  that  these  8ul» tan o vs.  though  c<)lour> 
|eN:<,  are  cagtabld  of  ahsorbing  light,  since  otherwise  they  would 
not  \m>  acted  ujion  by  it.  .Apart  from  their  pmviding  visual 
purple  the  cells  of  the  retinal  epithelium,  with  their  remarkable 
am<eboid  pigment-carrying  filamentous  processes,  have  probably 
in  other  ways  to  do  with  vision,  thnugn  we  cannot  at  present 
stato  what  their  exact  function  in  this  respect  is.  Their  impor- 
tance in  vision  is  indicated  by  their  behaviour  towartls  light- 

If  an  eye  1h^  fully  ex{)osed  to  light  before  removal  and  ei 
aniination.  the  processes  carrying  pigment  are  found  to  stretcl 
a  long  way  inwards  between  the  outer  limba  of  the  rods 
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cones,  inTwtiiie  these  outer  limbt  wiib  a  sheath  of  pij^menl,  Aiid 
even  reaching  uetve«n  t)ie  inner  limbs.  If  im  tht;  coiiLinry  Die 
eye  be  kept  in  the  dai-k  Ix-fore  removal  ami  vxamiii.ttion,  the 
processes  are  found  to  be  short  and  to  stretch  a  little  way  only 
inwnixis.  not  rL-aching  much  farther  than  the  tojw  of  the  outer 
limbs  of  tlio  rods  and  cones.  The  substance  of  the  cell  has  in 
fact  the  power  of  amuiboid  movcmi;iiti  ut  one  time  throwing  out 
lon^  lllamenlou.s  proi-essu-t  iriwanls  between  the  ro(l«  and  voiic^, 
Andat  another  time;  retracting  the  prxiccsses  into  the  btnly  of  ihc 
cell.  As  they  move  to  ami  Ut}  lhw«  |Hwess»r.'*  carry  with  ibeni 
the  crystals  of  pigment  with  which  they  are  .ilndded:  hence  in 
the  extended  condition  much  of  the  pigment  is  carried  away 
from  the  body  of  the  cell  inwards  between  the  rods  and  couea, 
leaving  the  nucleus  less  covei'cd  with  pigment,  while  in  the 
retracted  condition  the  pinmuiit  is  carried  back  to  the  body  of 
the  cell  and  the  nucleus  bireuincs  obscured.  Further,  while  va- 
riouH  circumMiinces  may  d<.-t«rniiiie  whether  the  processes  are 
extended  or  retracted,  the  falling  of  light  on  the  retina  baa  the 
most  marked  and  potent  effect.  When  light  falls  on  the  retina 
the  processes  hurry  inwards  and  envelope  the  outer  limbs  of  the 
rods  and  cones  with  pigment ;  when  the  light  is  shut  off  from 
the  retina  the  processes  carry  back  the  pigment  to  ibo  body  of 
the  cell. 

Hence  in  an  eye  exposed  to  liglit  the  procewes  and  pigment 
being  largely  jammed  in  Ijetween  the  onler  limh^  of  the  torn,  and 
these  outi^r  limbs  at  the  same  time  swelling,  the  pigment  epithe- 
lium adheres  closely  to  the  retina,  and  when  the  retina  is 
removed  is  curried  away  with  it.  In  Hn  eye  kept  in  the  dark, 
tht^  pi-occascs  K'ing  wilhdniwn,  and  the  outer  limlta  of  the  rods 
Bhrinkiiig  again,  tho  atluchment  of  the  ix;tiiia  to  the  eptlheltnm 
is  much  less,  and  the  rt^tinacan  l>e  inoi-e  ivadily  i-emnvi-d  so  aa 
to  leave  the  jngnient  epithelium  adherent  to  the  choroid. 

Urari  baa  an  effect  on  these  cells  of  the  pigment  epitlielium 
of  fluch  a  kind  that  they  cease  to  throw  out  their  processes; 
they  seem  to  be  paralyzed.  Hence  in  the  eye  of  a  ururizvd 
animal  the  pigmunt  epithelium  readily  separates  from  the 
retina. 

We  niav  add  that  in  frog*  at  least,  this  shifting  of  the  pig- 
ment may  be  hccu  to  lie  accompanied  by  a  change  of  form  in  the 
inner  liml)s  of  the  cones.  Under  the  influence  of  light  the  inner 
limb  becomes  sliorter  and  broader,  in  fact  contracts,  and  when 
the  influence  of  the  light  is  removed  olougatvs  to  its  original 
length.  Moreover  these  cliuiigits  in  the  cones  may  be  induced, 
not  only  by  light  falling  on  the  reliim  but  also,  through  a 
mcchanUni  not  at  present  fully  underatood.  aa  the  result  of 
stimulation  of  Ihe  skin,  by  light  or  otherwise;  in  these  latter 
cnae^  the  change  of  form  of  the  cone  is  not  neceeisarily  aocom- 
panied  by  migration  of  the  pigment. 
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§  577,     Wliatevei'  view  we  adni)t,  whether   photocliemi 
or  otlier,  a»  to  the  changes  which  lend  ta  sumtilation  of  tlte 
endings  of  the  retinal  nervous  mechiinisni,  w«  cannot  at  pre»ea' 
htate  anvtbing  definite   concerning  those  neno-cmiingH  or  tin' 
miinncr  of  their  ntiinulatioii. 

EitL'h  outer  limb  nf  a  rod  is  ft  cylinder  of  bif;hly  rcfnKtivi 
nmli-riiil,  clostOy  jmcki^d  rwiiiiil  with  the  bhuk  pi^menl  of  tb 
retinal  epitiieliuiu.  When  an  image  of  an  exttiriml  object,  sue' 
a»  a  i^anule-llanie,  is  formed  on  the  retina,  at  or  near  tbe  layer] 
of  rodrt  and  conen,  the  rays  of  light  diverge  again  beyond  tbi 
focal  plane  in  the  form  of  pencib  of  raj-s  from  each  i)oint  of 
image.  Of  thi^e  sutno  passing  between  tbe  rods  nrv  nbaorl 
by  the  pigment,  wbilu  ulbci*s  pass  into  Lhu  outer  tinilM  of  thft' 
roils;  of  these  latter  soiuo  Imversing  tbe  wlinlc  length  of  the 
limb.  Jirt!  aUsorlxjd  by  tbe  pigment  beyond,  while  otiu-i-s  tindergo 
"  total  retleution ''  at  the  sides,  or  are  absorlk-d  by  ttie  pigment 
after  reflection.  lEence  of  all  the  rays  which  fall  on  tne  layer 
of  rodn  and  cones,  a  small  number  only  aix)  reflected  buck  into 
tbe  viti-eous  humour  and  so  through  tbe  pupil;  hence  tlie  eye 
when  looked  into  usually  looks  blnek.  In  the  ca»c  of  ibo  CMiJ- 
cal  outer  Limbs  of  tliti  cones  the  amount  of  lighl  tbu»  thrown 
buck  into  the  vitreous  luimour  nuL<l  be  still  loss.  W'k  may 
fairly  assume  that  tbe  light  which  tbuij  disajipeant,  ijartly  in  tbe 
actual  outer  limb.^  of  the  rods  and  cones,  partly  in  ttieir  immedi- 
ate surrounding,  sets  up  changes  which,  whatever  be  their  exact 
nature,  either  are  «r  in  some  way  assist  tbe  very  beginnings  of 
visual  im|mlses.  It  also  seems  probable  that  these  clmngcs, 
so  long  (w  they  are  conliiieil  to  the  region  of  the  outer  limljii, 
ought  not  to  bo  considered  as  nervous  in  nature,  itseenw  prob- 
able that  they  do  not  take  on  a  nature  analogous  to  that  of  a 
nervon.s  ininuLse,  until  they  have  passed  tbe  conspicuous  break 
which  divides  the  outer  from  tbe  inner  Ituibs.  But  on  these 
matters  we  have  no  certain  knowledge. 

We  may  here  turn  aside  for  a  moment  to  remark  tltat  wh«a 
an  image  of  a  ciindle-tbtmi!  is  formed  on  the  retina  the  ray* 
reilecWd  back,  as  ntaleil  almve,  from  the  retina  through  the 
pupil  form  a  second  image  in  the  jiosition  of  the  candle-dame ; 
iieace  to  see  nn  image  of  an  illuminated  retina  tbe  ob&erving 
eye  must  be  placed  iu  the  position  of  tbe  source  of  illuminatioQ. 
"fhis  is  tbe  principle  of  the  ophthalmoscope. 

There  are  many  forms  of  this  instrument,  but  the  aeeoni' 
panyiug  diagram  (Fig.  164)  will  illusli-ntv  it«  e^^ential  feu 
ures.  The  rays  fnmi  llic  lamp  />  (or  other  source  of  illumina- 
tion) are  i-eflectod  by  the  coneave  mirror  3f.  M,  and  brought  to 
a  focus  at  a.  The  raj's  diverging  from  a  are,  by  means  of  the 
lens  I,  i-endered  parallel,  and  thus,  through  natural  dioptric 
arrangements  of  the  observed  eye  S,  are  brought  to  a  focus  on 
the  retina  at  a',     'thts  rays  reflected  back  fi-om  llic  part  u'  of 
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corrv^ponOing  immW  nl  poiiite  at  a,  i.e.  will  form  an  (inverted) 
ini!iK«  of  till!  arrow  tit  a.  Ami  llio  obeorrin^  cvc  pliiwcl  at  .1 
bebiitd  liie  li')l>!  in  tlio  mirrtir  will  itcc  at  a  aii  iiivvrtvd  iiimgu 
of  the  ilUiminaKtd  retina. 

§  578.  Ah  to  the  menning  of  the  difference  between  rod^ 
and  cones  no  eati^ifactoi-y  statement  can  be  made.  It  has,  it 
i&  true,  been  suggested  that  the  cones  subserve  the  vision  of 
colour  and  tlie  rods  tliitt  of  form  only.  This,  however,  is  in 
fla(;rniit  conlmdiction  to  bolb  the  thcoriL-s  of  colour  vision  dis- 
cuKSfd  alcove.  For  colourleNt  vision  of  form  i»  the  appreciation 
of  differences  in  Mack  and  white;  and  accordinp  to  tiie  Vounjf 
Helmholtz  theory,  white  in  ainiply  a  combination  of  colour  sen- 
sations.  Sensations  of  white.  a|)art  from  colours  ordinarily  so 
called,  are  only  admitted  by  Herinc'a  theory,  and  an  extension 
of  this  theory  in  the  direction  that  the  rods  are  connected 
exclusively  with  the  white  utid  bhick  tsiilwtance.  and  the  concii 
cxcluiiively  with  the  red-green  and  yellow-blue  8ul»tnnce«-,  lands 
us  nt  once  in  absui'ditv-  Moreover  itince  it  us  in  the  fovea 
centralis  that  wo  have  the  most  acute  vision  of  both  form  and 
colour,  the  coneit  ulonu  must  be  able  to  serve  as  the  inBtrumenta 
of  all  visttal  seiiNntion.s.  The  argument  that  in  noetitmal  ani- 
nmli*  tJie  rods  are  developed  almost  to  iJie  exclusion  of  cones, 
becattse  such  animals  do  not  need  colour  scnH;itions,  is  one 
which  can  be  tamed  against  iUkU,  since  it  may  be  urged  that 
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the  dim  light  in  which  these  creaturea  move  calls  for  itu 
and  not  duiiiiiishcd  appreciatiou  of  small  differences  of  i 
The  coloured  globului  iiitcrculatvd  Iwtwccii  ibo  outer  aw 
liniln  of  cuiitM  in  &oinv  of  the  lower  uiiiniHU,  such  as  bi 
reptiles,  have  pi-obably  no  closer  n^Uiion  t^i  culuur  vm<x 
has  the  yellow  jiigrueiit  of  our  own  macula  lutea. 

The  close  reseniblaiice  in  their  genenil  features,  a|ia 
form,  between  the  rods  and  cones,  suggests  that  their  fui 
difft^r  in  denree  rather  than  in  kind,  and  this  view  b  su| 
by  the  rod-liku  chanictur  assuuii-d  by  tbe  cones  in  the 
liitva  and  L-8[)cci»lly  in  the  fovea  cuntntlis.  But  wc  can 
expect  to  be  able  to  dilTcrcntiate  the  fuDctious  o(  tbe 
long  ns  ve  know  »o  little  about  either. 

with  ivgarJ  to  what  goes  on  in  the  other  Isvers  of  llie 
our  ignorance  is  complete.  We  may  fairly  sunjicee  ti 
events  M-hich  take  place  in  the  inner  limbs  of  tbe  nw 
cones  urc  different  from  those  which  take  phfice  in  tlw 
fibreit.  We  may  coneludc  tbal  tlw  latter  uru  of  the  n^ 
nervous  impulses,  though  we  may  here  rejieai  whxt 
already  urged,  namely,  that  it  is  haiaiiioin*  to  infer  ifa 
little  we  know  of  motor  nervous  impuUt-s  may  lie  appli< 
little  or  no  modiUcation  to  sensory  nervous  impulses;  ba 
the  nature  of  tbe  events  in  tbe  inner  limhs  of  rod  and  ooi 
OS  to  wli;it  happens  in  tbe  intervening  layers  of  the  rcti 
know  nothing. 

§  579.  Tiie  littlo  objective  knowledge  wliieb  we 
concerning  retinal  procec^es  Is  almost  limited  to  the  de 
of  electric  currents.  Tbe  retina  and  opiie  nerve  lika 
nervous  structurea  devetope  eleotric  currents  which  i 
spoken  of  its  currents  of  rest  and  currentB  of  action, 
may  be  shewn  by  placing  one  clectiode  on  the  retini 
bisected  eye,  or  on  the  cornea  of  a  whole  one.  and  iho  ut 
the  optic  nerve,  or  bind  part  of  tb«  eye-b«ll  or  on  the  i 
Ansual  centre  or  even  on  some  distant  part  of  the  body, 
are  also  manifested  by  tbe  isolate<l  retina  itself.  The  |ii 
ena  appear  somc»:hat  comjilicaled  by  the  appearance  n 
positive,  now  of  negative  vaiiations;  but  this  tact  coid 
clearly  tliat  the  incidence  of  light  on  the  irritable  retina 
opes  an  electne  change,  the  magnitude  of  which  is  to  a  i 
extent  proportionate  to  tbe  intensity  of  the  Hglil  actio] 
stimulus.  The  changes  gradually  dimini.-(h  and  disapj 
tile  i-ctina  gnidually  loses  iu  irrit.-ibility.  \W  nuy 
tbe-te  electric  pbcnomenn  appear  to  be  quite  indepenueat 
oonditioii  of  tbe  visual  purple.  ^ 


SEC.  8.     ON  SOME   FEATUKES  OF   VISUAL  SENSATIONS 
ESPECIALLY  IN  RELATION  TO  VISUAL  PERCEFTIONS. 

§  580.  In  our  previous  study  of  vuuiU  seusations  we  dealt 
chiefly  with  the  moro  simplt;  and  fundamental  characters  of 
aensatiouM ;  wu  cousidorud  oacli  sentiaLion  by  itself  and  discussed 
ite  feuturcs  irrespective  of  the  influence  of  other  sensations 
uxcit«d  «t  the  same  time,  except  so  far  as  it  became  neeL-ssary, 
in  treating  of  the  localization  of  sensations,  to  speak  of  tlie  eu*- 
ouoifltances  which  determined  the  fusing  of  two  neighbouring 
sensations  into  one.  It  very  rart-ly  occurs  however  tliat  any 
object  or  event  in  the  cxtwrnnl  world  gives  rise  to  a  simple 
sensation  such  as  those  on  which  we  have  dwvlt;  each  part 
of  th«  external  world,  each  external  object  such  as  u  tree,  is 
thesourctf  of  many  distinct  sensations  dijfei-ing  from  each  other 
in  int«tuity  ari<l  other  characters.  In  looking  at  a  t^rev  we  are 
comoious  of  many  sensations  of  differeni  colours  and  intensities, 
each  having  a  definite  localization ;  but  these  are  coordinated 
in  our  consciousness  into  a  whok  and  we  say  we  "see  a  tree." 
The  effect  which  the  whole  visible  world  has  upon  us  is  not 
that  of  a  multitude  of  single  sensations  each  separate  from  and 
independent  of  tho  other,  but  of  a  smaller  though  still  lar^ 
number  of  groups  of  sensations  con-esponding  to  wliat  wo  call 
the  objecbj  of  nature.  And  we  have  now  to  turn  our  allcntion 
to  certain  facis  concerning  vision  which  become  especially  prom- 
inent when  we  are  the  subject  not  of  an  isolated  single  visual 
sensation  but  of  complex  groups  of  simuUaneons  visual  sensa- 
tions. The  sum  of  visual  scnsntions  and  groups  of  sensations 
which  are  excited  by  images  falling  on  the  retina  at  any  one 
time,  we  call,  as  we  have  alneady  naid  (§  494),  the  '  field  of 
vision,'  or  '  visual  field.' 

§  981.  Before  we  proceed  any  further  however  it  will  be 
well  to  call  to  mind  that  in  studying  vision  as  we  are  now 
doing  by  means  of  an  appeal  to  our  own  consciousness,  we  are 
deserting  the  ordinary  methods  of  physiology  for  the  methods 
which  are  more  strictly  speaking  tJiosc  of  psychology.  Or 
rather  in  our  study  of  vision  we  are  using  both  methock,  aud- 
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denly  turniug  from  oiie  to  the  otliei'-  Wu  arc  utiin^  ordinarj 
physioloKical  iw^thodti  when  we  are  studying  liow  tlie  varioas 
raj-s  of  lielit  jnoceeding  from  a  iree  form  an  imagu  of  Uie  tree 
oil  tlie  i^tma,  and  how  tneee  rayH  thus  falling  on  the  reLin*  give 
vine  to  viBual  impulses.  But  when  we  study  the  change  in  our 
consciousness  which  is  brought  about  by  the  visual  impulses 
thus  excited  through  the  image  of  the  troo  falling  on  the  i«tina, 
we  are  dealing  with  psychological  problems.  The  object,  the 
tree  itself,  and  our  vi-sion  of  it,  the  one  being  commoulr  spoken 
of  as  the  cause  of  thu  other,  are  connected  by  a  chuin  of  evcnte ; 
one  end  of  tlie  chain  we  study  by  phy,siologica],  the  other  end 
by  pi^ycbological  methods:  and  the  difficulty  of  our  task  arises 
from  the  fact  that  we  have  to  use  these  two  different  methods 
for  a  common  purpose,  namely  that  of  explaining  how  the  tree 
gives  rise  to  the  vision  of  it. 

When  we  turn  to  the  pbytiiological  Hide  of  the  problem  we 
cannot  at  present  say  mucb  more  than  that  the  rays  of  light  pro- 
ceeding from  the  tree  give  rise  to  the  change*  in  the  optic  fibres 
which  we  have  called  visual  impuUat.  \^^  have  seen  in  deal- 
ing with  the  brain  reason  to  think  (^-^78)  that  viftual  impul^^ 
like  other  sensory  impulses,  may  influence  the  working  of  the 
central  nervous  system  without  producing  any  such  change  of 
consciousness  as  can  bo  studied  by  psychological  methods ;  and 
wo  fui'ther  suggested  (§  500)  that  in  the  structures  of  the  mid- 
brain whicli  we  called  the  primary  visual  centres  a  visual  impulse 
underwent  a  development  by  which  it  became  no  longer  u  mere 
impure  but  something  more,  and  that  the  changes  in  these 
primary  visual  centres  transmitted  to  the  occipital  cortex  gave 
rise  there  to  the  changes  with  which  the  distinct  affection  of 
consciousness  is  associated.  It  is  undesii'able  to  speak  of  tlie 
events  in  the  primary  visual  centres  as  "sensations,"  since  it 
is  coavenient  to  reserve  this  term  for  the  psychical  events,  the 
changes  of  consciousness  of  which  we  can  become  aware  by 
examining  our  own  minils ;  nor  is  there  at  present  any  need  to 
give  them  any  name  at  all;  but  it  is  important  when  we  are 
using  the  psychological  method  to  remember  that  between  the 
physiological  visuiu  impulses  and  the  psychological  sensation 
there  are  events  which  must  not  be  ignored. 

Turning  now  to  the  psychological  side  of  tlie  problem  we 
find  that  Uie  psychical  events  are  also  complex,  and  that  tlie 
psychical  eETccts  due  to  the  same  visual  tmpulflos  sre  not  all  of 
the  »Ame  kind.  This  is  seen  even  in  the  case  of  simple  and 
ifiolaLed  virtual  .sensatiun-s.  Takiug  the  effect  of  a  luminous 
point,  shining  for  a  moment  only,  as  a  simple  form  of  visual 
sensation,  we  must  distinguish  what  we  may  call  tlie  mer« 
change  of  consciousnesH.  the  mere  sensation  of  light,  from  the 
further  [Mvchical  effect  of  which  we  have  already  spoken  and 
through  which  wo  associate  the  sensation  with  a  luminous  point 
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occupying  a  particular  position  in  external  nature.  Though 
the  latter  always  accompanies  the  former,  though  whenever  we 
ex{>erienre  a  visual  sensation  we  refer  it  to  its  cause  in  the 
external  world,  we  can  dissociate  the  two  in  our  minds,  and 
can  speak  of  the  mere  seitHation  indopendeutly  of  the  further 
psychical  action.  When  we  have  vision  not  of  such  a  simple 
object  as  a  luminous  point,  winch  we  may  consider  as  givmg 
rijtc  to  u  single  sensation,  but  of  a  tree  whii-li  gives  rise  to  a 
complex  group  of  Kensations,  the  i>sychical  actions  whiuh  accom- 
pany the  mere  sensations  are  manifold  and  become  prominent 
ill  the  total  visual  effect  produced  by  the  tree.  'I  hat  total 
visual  effect  is  determined  not  only  by  the  sensations  to  which 
the  retinal  imago  of  the  tree  is  at  the  time  civing  rise,  but  also 
by  various  psychical  events  depciulciit  on  the  previous  knowl- 
edge of  tlic  nature  of  trees  which  wti  have  gained  by  tunch  as 
well  as  by  sight,  and  on  other  circumstances.  In  common 
language  we  distinguish  between  tlie  mere  sensatinn  and  the 
further  iwychical  visual  effect  by  saying  that  we  'feel'  a  sensa- 
tion ana  'perceive'  an  object;  and,  though  the  term  'percep- 
tion '  has  been  employed  in  different  meanings  by  different 
writers,  we  may  here  make  use  of  it,  in  what  is  perhaps  its  most 
usually  accepted  meaning,  to  denote  the  further  visual  effect  to 
which  we  have  just  calleil  attention  as  distinguished  from  the 
immediate  seiisHtiun.  We  feel  a  8en.sation  of  light,  and  we  may 
feel  at  one  and  the  same  time  a  number  of  such  KeusttUous  of 
different  intensity  and  quality;  we  perceive  an  object,  it  may 
bi;  a  simple  object  such  as  a  mere  transient  flash  of  light  or  a 
complex  object  such  as  a  tree  or  a  scene. 

From  what  we  have  said  above  it  follows  tliat,  although  it  is 
perfectly  true  as  wo  have  insisted  (§  534  ),  that  our  perception 
of  external  uhjects  is  ba.scd  on  the  optical  sharpness  ot  the 
retinal  image,  and  ou  the  distinctness  of  tlie  several  scnsatiomi 
which  the  retinal  image  excites,  we  should  tw  wrong  in  sup- 
posing that  when  an  image  of  an  object  is  formed  on  the  retina 
the  visual  imjiulses  correspond  exactly  to  the  retinal  image,  tlw 
sensations  correspond  exactly  to  the  impulses,  and  the  perception 
corresponds  exactly  to  the  sensations,  so  that  the  perception  is 
OS  it  were  a  "mental  image"  corresponding  exactly  to  tjie  reti- 
iial  imago  and  hence  to  the  object  itselL  The  truth  lies  in 
the  contrary  direction ;  tilings  are  not  what  tliey  look,  or,  since 
the  saints  applie.t  ti^  other  senses  besides  vision,  what  they  seem ; 
and  one  object  of  philosophy  is  to  ascertain  the  exact  relations 
between  things  as  they  are  and  things  as  we  think  them  to  be. 
We  must  of  course  confiae  ourselves  here  to  pointing  out,  in 
regard  to  vision,  some  of  the  more  salient  differences  which 
obtain  between  the  actual  features  of  an  object  and  our  percep- 
tion of  tlie  object. 

Of  these  differences  some  are  clearly  of  psychical  origto. 
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Our  perception  of  a  tree  is  in  pari  deturmined  by  events  other 
than  the  actual  sensntioiiB,  by  paychioal  processes  arising  out  of 
our  previous  experiences  of  trees,  and  in  other  wayft.  Some  of 
these  psychical  processes  we  shall  consider  a  little  lat«r  oq. 

Other  differences  are  either  clearly  or  possibly  of  phyaioloei- 
cal  origin ;  the  view  may  iit  least  be  ar^L-d  that  they  anse 
either  during  the  retiniil  cliang«;s  through  which  visual  Impuhies 
are  developed  or  during  the  Hubsequent  cerebral  cbftiiges,  spoken 
of  above,  thi-ough  which  the  visual  impulst-n  give  rise  to  visual 
sensations  ;  and  it  is  to  some  of  these  that  we  wish  tirst  to  call 
attention. 

§  582.  Irradiation.  A  white  patch  on  a  dark  ground  ap- 
pears larger,  and  a  dark  patch  on  a  white  ground  smaller,  thwi 
it  really  is.    In  Fig.  155,  the  white  square  ou  the  right  hand 
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side  looks  larger  than  the  black  square  on  tin?  left  liimd  side 
though  both  are  exactly  of  the  same  sixe-  So  also  neighbouring 
white  surfaces  t«nd  to  melt  together.  The  effect  is  increased 
when  the  object  is  somewhat  out  of  focus,  and  may  be  Uieo 
partly  explained  by  the  diffusion  circles  which,  in  each  caae, 
encroacli  from  the  whitL>  upon  the  dark.  But  over  and  beyond 
this,  any  sensation  coming  from  a  given  retinal  area  occapiea 
a  larger  .-ilmre  of  thi;  Held  of  vision,  when  the  rest  of  the  retina 
and  central  visual  appaiatiis  are  at  rest,  than  when  they  are 
simultaneously  excited.  It  is  as  if  the  neighbouring,  either 
retinal  or  cerebral,  structures  were  aympatlieticiilly  thrown  into 
action  at  the  same  time.  In  this  way  a  certain  difference  is 
eatablished  between  the  retinal  image  and  the  perception. 

§  583.  Simidtaneoui  contra»t.  If  a  white  strip  be  placed 
between  twii  black  strips,  the  edges  uf  the  white  strip,  near  to 
the  black,  will  appear  whiter  than  its  medium  puitioni  and  if  a 
white  cross  he  placed  on  a  black  backgrouud,  (lio  parts  close  to 
the  black  will  appear  sometime-s  so  white,  compared  with  the 
centre  of  the  cross,  that  the  latter  will  seem  dim  or  even  shaded. 
This  effect  which  occurs  even  when  the  object  is  well  in  focus, 
is  spoken  of  as  one  of  'simultaneous  contrast';  the  increased. 
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sensation  of  light  which  causes  the  apparent  greater  wbiteaess 
of  the  bonlcrs  of  the  cross  is  rt'ganlocl  as  the  ri?sult  of  tlie  'con- 
trast' with  thi;  Muck  plucuil  immediut^rly  close  to  it.  Still  more 
•triking  resiillit  arc  xeou  with  coloured  objocto.  If  a  book,  or 
pencil.  De  placed  vertJeaillj-  on  a  ^hcet  of  whiUj  pnpur,  and  illumi- 
nated on  one  side  by  the  sun,  and  on  th«  other  bv  a  candle,  two 
shadows  will  be  produced,  one  from  the»un  which  will  be  illumi- 
nated b)'  the  yellowish  light  of  the  candle,  and  the  other  from 
the  candle  which  will  in  turn  be  illumioated  by  the  white  light 
of  tJie  sun.  The  form<.-r  naturally  appears  yellow;  the  latter, 
however,  appcnnt  not  whit^;  but  blue  -,  it  ausumos,  by  contrast,  a 
colour  complementary  to  thnt  of  tlio  candle-light  which  sur- 
rounds it.  If  the  candle  be  removed,  or  its  light  shut  off  by  a 
screen,  the  blue  tint  diHappear.s,  but  returns  when  the  candle  is 
again  allowed  to  produce  ite  shadow.  If,  before  the  candle  is 
brtiught  back,  vision  be  directed  through  a  narrow  blackened  tube 
at  some  p»rt  falling  entirely  within  the  area  of  what  will  lie  tlie 
Ciin<llu'«  sliiulow,  tho  area,  which  in  the  absence  of  the  candle 
api>car8  white,  will  continue  tu  appear  whitu  when  tho  candle  is 
made  to  cast  it-t  shiidow,  and  it  a  not  until  the  direction  of  the 
tube  ift  ohangt^d  so  iw  to  cover  part  of  the  ground  ouuide  the 
shadow,  as  well  a-i  part  of  the  shadow,  that  the  latter  assumes  iu 
blue  tint.  If  a  small  piece  of  grey  paper  be  placed  on  a  sheet 
of  pale  green  pajwr.  and  l>oth  covered  with  a,  sheet  of  thin  tissue 
paper,  the  grey  paper  will  appear  of  a  pink  colour,  the  comple- 
mvnt^u^  of  the  green.  This  effect  of  contrast  is  far  lew  striking, 
or  even  wholly  absent,  when  the  small  piece  of  paper  Ls  whit« 
instead  of  grey,  and  generally  disappeant  when  the  thin  cover- 
ing of  tissue  pa]H>r  is  removed.  It  also  vanishes  if  a  bold  broai) 
black  line  be  drawn  round  the  small  piece  of  paper,  so  as  to 
iaolate  it  fmm  the  ground  colour.  And  many  otiier  instances 
of  this  kind  of  conti'sst  might  be  given.  It  is  obvious  that 
whenever  in  vision  this  effect  intervenes,  a  discrepancy  is  intro- 
duced between  the  features  of  an  object  and  our  pcrocpttou  of 
them. 

^  584.  After-imaifet.  Suixfttivc  Conlratt.  As  we  have  al- 
ready (ij  551)  seen  the  vtitual  sensation  lasU  much  longer  than 
the  stimulus,  and  under  cert.'un  circumstAOces  the  sensation 
is  HO  prolonged  that  it  U  spoken  of  as  ao  after-image.  Such 
after-images  are  best  developed  w:hen  an  eye,  which  has  for  some 
time  been  removed  from  the  influence  of  light,  is  momentarily 
exposed  to  a  somewhat  strong  stimulus.  Thus  if  immediatoly 
on  waking  from  sleep  in  the  morning  the  eye  be  directed  lo  a 
window  for  an  instant  and  then  closed,  an  image  of  the  window 
with  its  bright  i>ani.'s  and  darker  sasbesi  the  various  pftrts  being 
of  the  same  colour  oh  the  object,  will  remain  for  an  appreciable 
time. 

When,  however,  the  eye  has  be«n  for  some  time  subjectod 
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to  a  iiUmulos,  the  sensation  which  follows  the  withdrawal  of 
stimulus  is  of  a  differeat  kind;  the  result  is  what  is  called 
nef/ative  €^ler-imai]e,  or  ne/tativf  image,  to  distinguish  it  froml 
&  poxitive  a/U-r-iviarff,  lik«  the  ou«  mcnttoti<><I  above,  which  is' 
simply  a  continualiuii  of  the  seUHattoii  primarily  vxcit«(l  with  all 
ibi  characters  uiicliaiiged  except  that  of  intensity-  If.  aft«r  look-^ 
ing  steadfastly  at  a  wliite  patch  on  a  black  ground,  tlie  eye  h^| 
turntrd  to  a  white  ground,  a  grey  patch  is  seen  forM>nie  little 
time.  A  hlack  patch  on  a  white  ground  similarly  gives  rise 
when  the  eye  is  subsequently  turned  towards  a  grev  ground  to 
a  negative  image  in  the  form  of  a  whit«  patch,  "this  may  be 
explained  as  the  result  of  exhaustion.  Wnen  the  white  patch 
hiu)  b«en  looked  at  steadily  for  some  time,  that  part  of  the  rotina 
on  which  the  image  of  the  {>atch  fell  ha»  become  tired;  hcnco 
the  white  light,  onming  from  the  white  ground  subeequently 
looked  at,  which  falls  on  this  part  of  the  retjna,  does  not  prodooo 
so  much  sensation  as  in  other  parts  of  the  retina ;  and  the  image, 
consequently,  a]»pear8  grey.  And  so  in  the  other  instance;  in 
this  case,  the  whole  of  the  retina  is  tired,  except  at  the  patch ; 
here  the  retina  is  for  a  while  most  sensitivtf,  aiiu  henoe  the  wbita^ 
negative  image.  In  speaking  of  the  retina  being  tirvd  we  arafl 
usuig  these  v/vrdit  for  simplicity's  sake.  We  have  no  right  to 
suppose  that  the  exhaustion  tikes  place  in  the  retinal  .structure 
only;  it  may  occur  in  the  central  cerebral  structures  during  the 
development  of  visual  impulses  into  sensations ;  indeed  tlie  ohiel 
part  of  it  is  probably  of  such  a  cerebral  origin.  ^M 

When  a  red  patch  is  looked  at,  and  wie  eye  sohseqnentiy" 
turned  to  a,  white  or  to  a  grey  ground,  the  negati^-e  image  is  a 
greenish  blue ;  that  is  to  say,  the  colour  of  the  negative  inuge 
IS  complementary  to  that  of  the  object.  Thus  also  orange  pro- 
duces a  blue,  green  a  pink,  yellow  an  indigo-blue,  RegatiTc  imag<?, 
and  so  on ;  tlie  negative  image  is  in  each  case  oomplenientur)'  to 
the  primary  one.  fl 

Similarly,  when  the  eye,  after  looking  at  a  coloured  patch," 
is  turned  not  to  a  white  or  grey  but  to  a  coloured  ground,  the 
colour  of  the  negative  image  is  a  mixture  of  the  colour  comple- 
mentary to  the  primary  image  with  thu  colour  of  the  ground ;  if 
a  yellow  ground  be  chosen  after  looking  at  a  green  object,  the 
negative  image  will  appear  as  a  mixture  of  I'eil  and  ycUow,  a 
reddish  yellow ;  and  so  on. 

Again,  when  a  patch  of  coloured  light  is  made  to  tmrel 
through  the  visual  held  with  sufficient  rapidity,  as  when  a  patch 
of  light  or  of  colour  placed  near  the  margin  of  a  rotating  disc  i.« 
looked  at,  the  image  of  the  ]mtch  sis  the  disc  revolves  is  followed 
by  A  negative  image  in  the  shape  of  a  sort  of  ^oet  having  a 
colour  more  or  less  but  not  exactly  complcmentaij  to  that  o£ 
the  patch. 

Though  these  negative  images  only  booome  striking  td 
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sroloiiffed  or  intense  excitation  of  the  retina,  such  as  rarely 
oecun  in  ordinary  visiou,  still  the  effect  must  intor\-ene,  even  if 
to  a  slight  extent  only,  in  our  (Uily  sight,  iiuJ  proportionately 
contrihutu  to  tbu  <liserei>ancy  between  tht;  pvrvvption  and  th« 
objfct. 

§  S65.  The  phenomena  of  * simultaneom '  and  'successive 
contrast'  are  further  of  interest  in  relation  to  the  theory  of 
colour  vision.  The  mere  occurrence  of  the  negative  images  can 
be  explained  as  a  result  of  exhaustion  on  cither  hypothesis  of 
colour  vision.  According  to  the  Young- Helm holtz  theory  when 
the  coloured  patch  is  luoRcd  at,  out;  of  the  three  primary  colour 
sensations  is  much  exhausted,  and  the  other  two  less  ho  in  vary- 
ing proportions,  according  to  the  exact  nature  of  the  colour  of 
the  patch ;  and  the  les-t  exhansted  sensations  become  prominent 
in  the  after-image.  Thus,  the  red  patch  exhausts  the  red  pri- 
mary sensation,  and  the  negative  image  ia  made  up  chiefly  of 
green  and  blue  sensations,  that  is,  appears  to  be  greenish-Hlue, 
or  bluish-green,  according  to  the  [Articular  hue  or  tone  of  the 
red.  So  also  the  yellow  [mtoh  exhau^t^  both  tlio  red  and  green 
sensations  leaving  the  blue  only  to  make  itself  felt.  On  Uering's 
hypothesis,  we  may  supjiose  that,  owing  to  the  continued  effect 
of  looking  at  the  red  patch,  the  katabolic  changes  of  the  red- 
green  suuitance  become  less  and  leas,  leading  to  a  prominence 
and  indeed  to  an  actual  increase  of  anaboUc  changes  in  the 
same  snbetancet  hence,  the  sensation  of  green  dominating  in 
the  negative  image ;  and  we  may  uuppoec  uiat  like  events  occur 
in  the  yellow-hluc  substance. 

The  Youug-Helmholtz  theory  doe«  not  explain  so  readily  as 
dOK  Hcring's  tlieory  why  negative  images  often  follow  upon 
positive  images  without  any  stimulation  of  the  n>tina  subsequent 
to  the  primary  one.  As  we  have  already  said,  if  a  white  jiatch 
on  a  black  ground  be  looked  at  for  some  time,  and  the  eyes  be 
then  shut,  a  negative  image  of  tho  spot  will  be  seen  on  the 
(rround  of  the  'intrinsic  light'  of  the  retina  much  blacker  than 
uie  ground,  and  hanng  in  its  immediate  neighbourhood  a  sort  of 
bright  corona.  Converttely  a  black  patch  on  a  white  ground  will 
give  ri*e  to  a  patch  of  exaggerated  '  intrinsic  light'  in  contrast 
to  ihe  blackne-is  of  the  rest  of  the  field.  So  also,  if  a  window  l»c 
looked  at  and  the  eyes  then  closed,  the  positive  after-image  with 
bright  panes  and  dark  sashes  gives  way  to  a  negative  aftei^image 
with  bright  sashes  and  dark  panes.  Looking  at  a  bright  red 
spot  gives  rise  to  a  green  nfter-imngc,  and  so  with  other  colours. 
Moreover,  t)m  eyes  being  still  »hut,  there  may  be  a  series  of 
aft«r-images ;  the  negative  after^imwe  with  its  Mack,  gneo, 
&c..  corresiKinding  to  the  white,  red,  &c.,  of  the  positive  image, 
may  give  way  to  a  return  of  the  positive  image  with  all  its 
original  features,  to  be  succeeded  bv  a  second  negative  image 
like  the  tii^t,  and  thus  often  by  a  wKoIo  series  of  alternate  poo- 
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itive  and  negative  images,  eacli  gradaally  becoming  fainter  and 
more  oljscure.  Theso  and  similar  phenomena  are  more  or  less 
satbfactorily  explained  on  Hering's  theory  as  the  resalts  of 
rhythmic  oscillations  between  katabolic  and  anabolic  changes; 
on  the  other  theory  we  have  to  have  recourse  to  psycholog- 
ical explanations.  This  ia  especially  the  caae  with  tlie  ph«^- 
nomcna  of  simultaneous  coutnuit'.  In  the  case  for  instance  of 
the  grey  patch  seen  as  pink  in  the  inidat  of  a  gnmn  field,  it  is 
argued  that  the  patch  doe^t  not  actually  excite  a  sensation  of 
pink  but  that  we  think  it  is  pink  l)ecause  we  attrihute  tlie  green- 
ness of  the  whole  lield  to  the  covering  tissue  pai>er,  and  seeing 
the  patch  shine  through  this  judge  the  patch  to  be  reflecting 
just  those  rays,  namely  pink.  Which  mixing  with  the  green 
would  give  rise  to  white,  that  is  to  a  colourless  grey.  Hering's 
theory  on  the  other  hand  offers  a  direct  physiological  explana- 
tion of  the  effect;  it  supposes  that  when  one  part  of  the  retina 
is  stimulated,  the  neighnouring  portions  of  tne  field  of  vision 
are  affected  at  the  same  time  in  a  manner  which  may  be  roughly 
but  only  roughly  compared  to  electric  induction,  so  that  they 
undergo  changes  antagonistic  or  complementary  to  those  going 
on  in  the  part  of  the  field  of  vision  corresponding  to  the  portion 
of  the  retma  actually  stimulated.  Thus  in  the  case  of  the  gi'ey 
patch  on  the  green  field,  the  anabolLsm  of  the  red-green  sub- 
stance in  the  green  field  surrounding  the  grey  patch  leads  to  a 
certain  amount  of  kataliolic  action  of  the  red-green  subetojice 
within  the  grey  patch,  and  so  gives  rise  to  a  red  sensation. 

^  586.  We  have  seen  (§  553)  that  visual  sensations  may  t>e 
produced  in  other  ways  than  by  light  falling  on  the  retina.  In 
such  cases  the  effect  which  is  produced  upon  our  conscionsttess 
is  wholly  misleading.  A  mechanical  or  electrical  stimulation 
of  the  retina  may  give  rise  to  a  visual  sensation  identical  with 
that  which  would  lie  produced  by  the  rays  from  a  flash  of  light 
falling  upon  a  part  of  the  retina.  In  botn  cases  we  should  have 
a  perception  of  a  flash  of  light  occurring  in  a  certain  part  of  tJia 
field  of  vision ;  and  so  far  as  the  perception  itself  is  concerned 
we  could  not  distinguish  between  the  latter  which  ia  a  real  and 
the  former  which  is  a  false  perception. 

Not  only  single  and  simple  sensations,  but  also  complex 
groujis  of  sensations  may  be  excited  by  other  means  than  that  of 
light  falling  on  the  retma,  and  we  may  thus  experience  vuiicd 
and  intricate  perceptions  which  have  no  objective  reality  at  all. 
Many  people  when  they  close  their  eyes  at  night,  or  indeed  at 
other  times,  see  images  of  faces  or  other  objects;  and  though 
under  such  circumstances  it  is  cosy  to  recognize  the  subjective 
origin  of  the  perception,  that  conclusion  is  reached  by  reasoniug 
upuTi  the  circumstances,  and  not  because  the  perception  iteeU 
differs  in  character  from  a  like  perception  caused  by  looking  at 
an   external   object.     In  such  cases  it  is  probable  that  vome 
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catwe8  or  other  oC  a  phyginlogical  nature  ^re  rise  «ither  in  the 
lower  visual  centres  or  in  the  cerebral  cortex  to  juitt  such 
changes  as  would  be  induced  by  corresponding  visual  imjmlses, 
though  those  impulses  are  wholljf  wanting:  in  other  words  the 
causes  in  question  give  rise  to  viHual  Honsations.  in  the  nhysio- 
li^cal  mentiing  of  that  word,  whidi  produce  a  psychological 
i-ncct  identical  with  that  of  visuid  HvnitatidiiH  produceil  in  the 
ordinary  way  through  the  action  of  liglit  ou  Uie  retina.  In 
8ome  canes  perham  the  process  mav  begin  even  in  the  retina 
itj«elf;  abnormal  changes  ni  one  or  other  of  the  retinal  Htructurea 
may  lead  to  the  development  of  complex  coordinate  vianal 
impulses. 

Sometimoit  the  Hcn»atious  and  perceptions  thus  occurring, 
especially  thoDc  which  are  met  with  on  clotting  the  eyes  at  night, 
may  be  rccognited  as  revivals,  more  or  less  alUirvd,  of  sensations 
experienced  during  the  day;  something  sets  going  again  the 
senes  of  cerebral  events  which  were  set  going  by  actual  raya 
of  light.  These  are  generally  spoken  of  as  "recurrent  xensa- 
tions." 

At  other  times,  there  is  no  history  of  any  like  sensation 
having  been  felt  in  the  immediate  past;  tlic  psychical  effect 
appears  to  have  no  objective  cauMe  at  all.  Moreover  such  false 
sensatioiw  and  perceptions  having  a  distinctness  which  gives 
them  an  apparent  objective  reality  ({uite  as  striking  a.s  that  of 
ordinaty  visual  i>ercei)tions,  may  occasionally  be  experienced 
not  only  when  tlie  eyes  are  closed,  but  even  when  the  eyee  are 
open,  and  when  therefore  ordinary-  visual  perceptions  are  being 
generated,  with  which  they  minglu  and  with  which  they  are 
often  confused.  They  are  then  spoken  of  us  ocuhr  phanlonu  or 
hatliKinatitnu.  They  sometimes  become  so  frequent  and  obtru- 
sive as  to  be  distressing,  and  form  an  inijKirtant  element  in  some 
kindjt  of  delirium,  such  as  delirium  tremens. 

It  is  probable,  as  we  have  just  suggested,  that  these  false 
perceptions  may  be  started  by  events,  which  in  ordinarj-  lan- 
guage may  he  called  physiological;  bot  the  whole  chain  of 
eventB  between  tlic  visual  impulse  or  even  the  immediate  effect 
of  the  impulse  which  wc  may  consider  as  the  physiologica]  sen- 
sation, and  the  ttinninal  psychological  perception  is  long  and 
complex ;  the  discordance  between  the  perception  and  its  ap- 
iiarent  cause,  in  other  words,  the  falsity  of  the  perception,  may 
be  introduced  in  the  later,  psychological,  links  of  tiie  chain. 
And  an  hallucination  may  have  such  an  origin  that  it  may  fitly 
be  spoken  of  as  purely  psychological. 

This  naturally  leads  to  the  remark  that  a  perception  may  be 
revived  in  the  mind,  withntit  the  usual  phvsiological  antece- 
dents, as  the  result  of  purely  psychological  processes;  it  ts  tlien 
generally  spoken  of  as  an  'idea.'  And  we  find,  upon  exam- 
imition,  that  each  new  perception  which  we  experience  is  more 
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or  leas  modified  Inr  memories  and  ideas  naaltiiig  from  linoae 
pertoptioiiB  of  a  like  kind.  Biit  we  hate  already  deteiBlmed 
,td  defer  the  oonsideiation  of  thMe  and  other  more  or  leee  dia- 
tiOotlj  pejofaioal  modifloationa  Of  peioeptiona  ontil  we  Iutb 
itedied  owtain  teaaLtB  arimng  frotn  the  obo  of  two  eyes. 


SEC.  9.    BINOCULAR  VISION. 


$  S87.  So  far  we  have  treated  of  vision  as  if  it  were  carried 
oat  by  means  of  one  eye  and  hiive  only  iuciduntiilly  rcfcrrerl  to 
our  poBsvssing  two  eyes.  Our  oixlinary  vision  is,  liuwuvor,  curried 
out  oy  means  of  two  eyes,  our  virion  is  binocular  not  monocular; 
and  to  till!  cliaracters  of  this  binoculiir  vii^ion  we  nui»t  now  turn. 
Ill  dealing  with  monocular  vision  we  rarely  have  occasion  to 
refer  specially  to  the  movements  of  the  eyeball ;  but  in  binoculai* 
vision  these  play  an  important  part;  and  even  before  we  go  into 
details,  it  will  be  desirable  to  point  out  not  only  certain  t'eneral 
facts,  but  also  the  meaning  of  certain  terms  which  we  «h^  have 
to  use. 

Tho  eye  is  virtually  a  ball  pliiced  in  a  socket,  the  bulb  or 
eyeball  and  the  orbit  forming  a  ball-and-«ocket  joint.  In  it8 
socket  joint  the  eyeball  is  capable  of  N-arioiis  movements,  hut 
these  are  limited  to  thnc«e  of  rotation  within  the  socket;  the 
eyeball  cannot  by  any  voluntarj-  effort  be  moved  out  of  its 
socket.  It  ia  stated  tfiat  by  a  very  forcible  opening  of  the  eye- 
lids the  eyeball  may  be  slightly  protruded ;  but  this  trifiing 
locomotion  may  be  neglected.  By  disease,  however,  the  position 
of  the  eyeball  in  the  socket  may  tw  materiallv  changed. 

The  movements  of  rotation  to  which  tfte  ej-eball  is  thus 
limited  are  carried  out  round  a  centre  in  the  eye  which  is  termed 
the  centre  of  rotation,  and  which  has  been  determined  to  lie  in 
the  vitreous  humour  alx>ut  18.i>  mm.  behind  the  anterior  surface 
of  the  cornea,  not  quite  2  mm.  behind  what,  though  the  eyeball 
ia  not  a  sphere,  may  be  considered  as  the  geometric  centre  of  the 
eyeball ;  it  is  of  courae  cjuite  different  from  the  optical  centre 
or  nodal  point  of  the  diagrammatic  eye  (§  527). 

Whvu  we,  in  looking,  direct  our  \'ision  to  a  point,  a  line 
drawn  from  such  a  point,  which  we  may  call  the  fi^fii  point  of 
vision,  to  the  centre  of  rotation,  m  callcil  the  vi»uat  axis;  pro- 
longed paat  the  centre  of  rotation  it  meets  the  retina  in  the 
centre  of  the  fovea  centralis ;  hence  in  the  view  of  those  who 
bold  that  the  optic  aiis,  the  line  on  which  the  dioptric  surfaces 
of  the  eye  are  centred,  meets  the  retina  on  one  side  of  tite 
fovea,  the  visual  axis  does  not  coincide  with,  and  is  different 
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from  the  optic  a:ii3.  When  with  both  eyes  we  look  fitraight- 
forwards  to  the  far  distance,  the  visual  axes  of  the  two  eyea  are 
parallel ;  when  we  direct  the  two  eyes  to  the  same  fixed  point, 
the  two  visual  axes  converge  to  the  ttxutl  point,  the  amount  of 
convergence  being  the  greater  the  nearer  t^e  fixed  point  to  the 
observer. 

Tlie  horizontal  plane  in  which  the  two  visual  axes  lie  is 
called  the  viaual  plane  ;  and  a  vertical  plane  at  light  angles  to 
tliia,  midway  Iwtween  the  two  eyes,  or  more  exactly  bisecting  a 
line,  sometimes  called  the  "base  line "  or '*  fundamental  line" 
joining  the  nodal  points  of  the  two  eyes,  is  culled  the  median 
plan  IT. 

§  &99-  As  we  have  seen,  the  sum  of  the  sensatioos  which 
we  can  rueeive  frum  the  retina  at  the  same  time  is  spoken  of  as 
the  "visual  field"  or  "Held  of  vision."  The  term  therefore 
has  pr0))erly  a  subjective  meaning,  but  it  is  sometimes  used  tn 
an  objective  sense  to  denote  the  space  or  area  of  the  external 
world,  rays  of  light  from  which  are  capable  of  exciting  the 
retina  at  any  one  time ;  where  we  wish  to  distinguish  between 
the  two,  we  may  call  the  latter  the  "field  of  sight."  The 
dimensions  of  the  field  of  sight  for  one  eye  will  even  in  tlw 
same  individual  vary  with  the  width  of  tJie  pupil  and  other 
dioptric  aiTangements  of  the  eye  ;  individual  variations  are  also 
oonaiderahte ;  but  tlie  ordinary  dimensions  may  be  stated  aa 
subtending  an  angle  of  about  i45°  in  the  horizontal  and  about 
100°  in  the  vertical  meridian,  the  former  being  distinctly  greater 
than  the  latter.  When  an  external  object  lies  outside  the  area 
subtending  these  angles  we  say  that  it  is  outside  the  field  of 
eight  for  that  i»osition  of  the  eye  ;  it  may  of  couree  be  brought 
into  the  field  oi  sight  by  moving  it  or  by  moving  the  eye.  The 
outline  of  the  field  is  an  irregular  one,  and  stretches  farther 
towards  the  temporal  side  of  the  fixed  point,  that  is,  towards 
the  nasal  side  of  the  retina,  than  on  the  other  side :  it  is  some- 
what larger  and  of  a  different  form  when  the  eye  is  turned 
towards  the  teuiiHtral  side  than  when  tlie  eye  is  directed  straiglit 
forwards,  cf.  Fig.  156.  It  will  be  understood  tliat  the  two 
visual  fields  of  the  two  eyes  arc  unlike,  ef.  Vic.  157. 

When  we  use  both  eym  a  laige  part  of  the  visual  field  of 
each  eye  overlaps  that  of  the  other :  that  is  to  say.  the  rays  of 
light  proceeding  from  a  large  part  of  the  field  of  sight  of  each 
eye  fall  upon  and  affect  both  retinas.  But  at  the  same  time  a 
certain  part  of  each  visual  field  does  not  so  overlap  any  pait 
of  the  other.  If  the  right  hand  be  held  up  above  the  right 
shoulder  and  brought  a  little  forward  it  soon  uecomes  distinctly 
visible  to  the  right  eye,  it  enters  into  the  field  of  sight  of  the 
right  eye.  But  if  tlie  right  eye  Iw  closed,  we  find  that  the  right 
hand  kept  in  the  former  position  is  not  visible  to  the  left  eye; 
it  is  outside  the  field  of  sight  of  that  eye  ;  it  baa  to  be  brought 
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much  further  forward  until  it  comes  into  the  field  of  sight  of 
the  left  eye  ;  the  prolilo  of  the  face  and  especially  of  the  nose 

{irevcnt  ttii!  luys  rufiuctud  from  the  hand  gaining  access  to  tbe 
uft  rutiun  until  the  hand  is  brought  a  certain  distance  forward. 
The  right-hand  side  of  the  objective  field  of  sight  of  the  right 
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Pro.  16S.    Tm  thdal  piblu  or  tits  kioht  btk.    (Aubert.) 

Tho  flgur*  rvpTMcnta  Ih*  vIbu&I  flelii  prujecltMl  Into  apnce  anil  therefore  ear- 
mpond*  to  tho  objooliv*  &old  o(  sisbt ;  the  IcmponJ  nda  of  tho  flguro  cotiv- 
Wfmia  to  tl>*  nusl  iiida  of  th«  mina.  Tfa«  Nhaded  jmn  Indlcaus  um  IccraaM 
fallMd  by  looking  oatwutU  towuda  tb«  l«m(N>nl  aide.    /,  (ovw ;  x,  blind  spot. 

eye,  coireapondinir  to  the  naiial  side  of  the  retina  of  that  eve. 
extends  much  farther  to  the  rij^ht  than  docs  tim  right-hand  side 
of  the  field  of  sight  of  tho  left  eye,  which  corresponds  to  the 
temporal  side  of  the  retina  of  that  eye.  Cf.  Fig.  157.  Simi- 
larly, the  left-hand  side  of  the  field  of  (tight  01  the  left  eye 
extends  farther  tA  the  left  than  does  that  of  the  right  eye. 
Hence  on  the  one  hand  tbe  total  field  of  sight  of  the  two  eye« 
together  is  increased  in  the  horizontal  diameter,  subtending  on 
an  average  an  angle  of  180°  instead  of  145';  and  on  the  otber 
hand  while  a  cert^aiii  right-hand  and  Icft-hiind  part  of  tho  united 
fields  of  sight  Ixilong  respeetiveiy  to  the  right  and  left  eye  only, 
the  remainder  of  the  field  is  common  to  the  two  eyes.  The 
area  common  to  the  two  eves  when  the  visual  axes  converge  to 
the  itame  fixed  point,  ia  shewn  as  tbe  shaded  part  in  Kig.  157. 
Rays  of  ligbt  from  objects  in  tbe  common  part  affect  tbe  retinas 
of  Doth  eyes  at  the  same  time,  vision  is  here  binocular;  rays  of 
ligbt  from  objects  at  Uie  extreme  right  and  left  iifFii.-t  only  the 
right  and  left  retina  respectively,  vision  in  these  parts  of  each 
eye  is  never  binocular,  idwayit  monocular.  'Vhe  amount  of  each 
retina  which  is  thus  cut  off  from  binocular  vision  is  determined 
by  the  prominence  of  tbe  nose  and  profile  between  the  eyes ;  in 
some  of  tbe  lower  animals  the  position  of  the  eves  is  so  com- 
pletely lateral  that  no  rays  of  light  proceeding  from  the  same 
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object  can  fall  on  any  part  of  the  two  retinas  at  the  same  tiioe. 
and  in  these  creatures  visioa  is  wholly  monocular. 


Tm.  167.    Tkk  visitai;  triKt.ps  (pikliis  at-  biuht)  or  ntn  two  btkh  wiibs 
Tint  xrko  c-ohveroe  va  rnx  siiit:  rnuto  poiirr.     (Aabrrl.) 

Ttie  abiided  pari  is  that  couimon  lo  tliB  two  tyeti.   /,  the  lixed  point,  cone- 
spondiug  to  Uie  fovan  of  each  eye ;  x,  the  lilind  spou  of  the  two  eye*. 

§  689.  Corresponding  ar  Identical  Point*.  Though  when 
we  use  two  eyes,  we  must  receive  from  every  object  in  the  field 
of  Higbt  common  to  the  two  eyes  two  sets  of  visual  impulses, 
indeed  we  may  say  two  seta  of  scmuttions.  our  perception  of  the 
object  b  under  orcUnury  ci re ii instances  a  single  one ;  we  see 
one  object,  not  two.  By  putting  either  eye  into  an  unusual 
position,  as  by  squinting,  we  can  render  the  i)erceptio&  double  ; 
we  see  two  objects  where  one  only  exiat».  This  singleness  of  the 
sensation  under  ordinary  circumstances  shews  that  certain  parte 
of  each  retina  are  so  related  to  each  other  that  when  an  image  of 
an  object  falls  on  thei^Q  parte  at  the  same  timi;,  the  two  setfi  oi  sen- 
sations excited  in  the  two  piirt^  itru  blended  into  one ;  such  parts 
ttie  spoken  of  as  rnrrttpimdimj  parbi :  they  have  also  be«n  called 
idetUicat  part.-«.  Since  In  the  ordinary  movcniento  of  the  eyes 
we  see  objects  single,  and  do  not  receive  double  impressions 
unless  we  move  the  eyes  in  an  unusual  manner,  it  is  obvious 
that  the  movements  of  the  eyeballs  and  these  corresponding 
parts  of  the  two  retinas  are  so  related,  the  one  to  the  other,  tltat 
the  former  bring  the  images  of  objects  to  fall  on  the  tatter. 

We  can  easily  determine  which  arc  the  corresponding  parts 
of  the  two  retinas  by  ti>icing  out  the  paths  of  the  rays  of  light 
falling  on  the  two  retinas,  §  S28.  As  we  have  saitL  when  we 
look  at  an  object  witli  one  eye  the  visual  axis  of  that  eye  is 
directed  to  the  object,  and  when  we  use  two  eyes  the  >'isual 
axes  of  the  two  eyes  converge  at  the  object,  the  eyeballs  moving 
accordingly.     The  corresponding  points  of  the  two  rtitiuas  ue 


i 


Cbaf.  ni.] 


SIGHT. 


9i3 


those  on  whioh  the  two  images  of  the  object  fall  when  the  visual 
kx«s  converge  at  the  object.  Thus  iti  tig.  158  if  vt  from  X  to 
X  and  JT  to  j:'  be  the  two  visual  axes,  j-,  x'  being  tlic  centrea  of 
the  foveffi  centrales  of  the  two  eyes,  then,  the  object  Xl'Z  being 
aeen  single,  the  point  y  on  the  one  retina  nill  'correspond  '  to 
or  be  '  identical '  with  the  point  if'  on  the  other,  and  the  point  i 
in  the  one  to  the  point  s'  in  the  other. 


m  h 
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£  the  l«ft,  R  the  light  t-.jt.  a-nodml  podDt,o.  optic  ncrre,  r.  tovna.  I'y't'an 
politU  tn  iho  rlfllil  »\r  oiirn-iqMOdlng  lo  tho  polntii  zuf  In  lh<i  left  ajr.  f.  I.  vto- 
oal  uls.  Tlie  two  Itouv  beloir  am  M«]Mtton«  ft  I.  tha  IkFI  &ai]  it  tlie  riicht 
letina.  /.  fi^re*,  o.  t^iid  mot>  ItwfU  be  weu  tliM  a  anil  e  oii  Urn  temporal  Me 
of  /,  coiTFspaads  to  of  mnatf  on  llM  iMfaf  Hide  uf  ff.  «.  m.  A.  m.  lino*  ol  *cpii' 
nttlon. 

WTien  the  whole  area  ot  the  retina  in  each  eye  which  we 
ose  for  binocular  vision  is  explored  in  this  way  we  find,  as 
follows  geomotrically  from  the  paths  of  the  raj's  of  light,  that 
the  upper  half  of  one  retina  corresponds  to  the  upper  half  of 
the  otJter,  the  lower  half  to  the  lower  half,  the  right  side  to  the 
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right  side,  and  the  left  side  to  tlio  left  nidc.  But  when  we  torn 
to  the  structure  of  the  retina  we  find  thut  the  left  or  nasal  side 
of  the  right  eyv,  hiiicu  it  contains  tlie  enUaucu  of  the  optic 
nerve,  is  conipamble  witli,  not  the  left,  hot  the  right  or  dm*1 
sidt  of  t1i«  left  eye,  and  in  like  manner  the  right  or  tempnral  side 
of  the  right  eye  is  compai'able  with  the  left  or  temporal  side  of 
the  left  eye.  Hence,  considered  in  relation  to  the  structure 
of  the  retina,  tlie  corresponding  points  appear  to  he  reversed 
from  side  to  side,  though  not  from  top  to  bottom.  While 
the  upper  Itulf  of  the  retina  of  the  left  eye  corresponds  to  Uie 
upper  half  of  the  retina  of  tlie  right  eye,  and  the  lower  to 
the  lower,  the  nasal  side  of  the  left  eye  corresponds  irith  the 
temporal  side  of  the  right,  and  the  temporal  of  tlie  left  witb 
the  nasal  side  of  the  nght. 

It  will  be  observed  that  in  each  eye  a  vertical  plane  through 
the  visual  axiis  (v.  l.  in  Fig.  16S)  cuts  the  ruttua  in  a  vertical 
line  V,  m.,  which  divides  the  retiuu  into  two  lateral,  temporal 
and  ntwal,  halves,  each  temporul  and  each  nasal  liaLf  correspond- 
ing with  the  nasal  and  temporal  half  respectively  of  thi»  other 
eye.  When  the  visual  axes  of  the  two  eyes  are  parallel,  ihc 
two  vertical  planes  in  question  are  parallel  to  the  median  pUine 
and  to  each  other.  Further,  a  horizontal  plane  drawn  through 
the  visual  axis  at  right  angles  to  the  above  vertical  plane  cuts 
the  retina  in  n  horizonlnl  line  h,  m. ;  and  this  ahio  cUvidea  the 
retina  inlo  two  halves,  an  upper  and  lower  half,  the  upper  and 
the  lower  halves  of  both  retinas  being  corresponding.  These 
two  lines,  eaeh  of  which  may  be  considered  as  a  series  of 
corresponding  points,  are  sometimes  spoken  of  as  /iwca  ^ 
reparation . 

The  blending  of  the  two  sensations  into  one  occurs,  we 
repeat,  only  when  the  two  images  of  an  object  fall  oa  corre- 
sponding points  of  the  two  retinas.  Hence  it  is  obviouB  that  in 
single  vision  with  two  eyes  the  ordinary  movements  of  the  eye- 
balls must  l)e  sutsh  as  to  biing  the  visual  axes  to  converge  at 
the  object  looked  at  so  that  the  two  imagea  may  fall  on  corre- 
sponding pointjf.  When  the  visual  axes  do  not  so  converge,  and 
when  therefore  tlie  images  do  not  fall  on  corresponding  j>oint», 
the  two  sensations  are  not  blended  into  one  perception,  and 
vision  becomes  double.  It  is  therefore  important  to  study  in 
some  detail  the  niovement»of  the  eyeballs,  u}-  means  of  which, 
in  ordinary  vision,  tJie  relative  positions  of  the  two  retinas  are 
so  carefully  adjusted  that  we  habitually  see  objects  single  not 
double. 

§  590.  Thf  moveme^itx  of  the  Eyeball.  Aa  we  have  said,  iho 
movements  of  the  eyeball  are  movements  of  rotation  round  an 
immobile  centre,  the  centre  of  rotation ;  bat  tliese  movements 
are  limited  in  a  particular  way.  and  it  is  necessary  to  pay  atten- 
tion to  their  chaiacters  and  limitiibiuu. 
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One  position  of  the  eyeball,  for  reasons  whioh  ve  shall  see 
presently,  is  called  the  primary  powVi'oN,  and  it  will  be  desirable 
lo  start  from  this  position.  Thoiich  iUi  exact  determination 
requires  spucial  procautions  it  may  mi  described  ax  th»l  which  is 
awiumcd  when,  with  thu  hi»d  erect  and  vertienl,  we  look  xtmight 
forwards  lo  iJic  dUUnt  hori^coii ;  the  mmU  axes  of  Uie  Iwo  eyes 
are  then  parallel  to  each  other  and  to  the  median  plane. 

I^t  un  now  suppose  three  axes  drawn  throush  the  centie 
of  rotation,  in  the  three  planes  of  space :  —  one,  the  visual  axis 
it«elf,  which  we  may  ciul  the  longitudinal  axis ;  anotlier  at 
right  anglcfi  to  this  and  horizontal,  the  horizontal  axis;  and  a 
third  also  at  right  angles,  but  vertical,  tlie  vertical  axis.  Cor- 
responding to  these  tliree  axes  we  have  three  uiain  pussihlc 
movements  of  rotation.  The  eyeball  might  he  rotated  round  tlie 
vertical  axis  so  that  the  visual  axis  moved  from  side  to  side.  It 
might  be  rotated  round  the  horizontal  axis  so  that  the  visual  axis 
moved  up  and  down.  And  lastly,  it  might  be  rotated  round  tlie 
longitudinal  axis,  the  visual  axis  itself  remaining  motionless  and 
the  pupil  turning  round  like  a  wheel. 

Now  we  can  easily  eniry  out  by  au  exercise  of  the  will  tlie 
Grst  and  second  of  these  movements.  We  can  easily  move  the 
eyes  np  and  down,  rotating  them  on  the  horizontal  axis,  as  wlien 
we  looK  up  to  the  heavens  or  down  to  the  ground.  We  can  also 
move  the  eyes  from  side  to  side,  rotating  them  round  the  vertical 
axis,  as  wlien  we  look  to  the  right  or  to  the  left.  We  can  move 
the  two  eyes  sideways  together  in  tbc  same  direction  keeping  the 
visual  axes  pandlel.  or  we  may  niuve  (licm  lalerally  in  opposite 
din-etions,  as  when  the  visual  axes  Ixiing  parallel  we  make  them 
converge,  or  when  convergent  bring  them  back  to  or  towards 
)iarallelism.  .\nd  we  can  combine  rotation  round  the  horizontal 
axis  with  rotation  round  the  vertical  axis,  and  so  give  obliqnc 
movements  to  the  eyeball.  We  can  do  all  this  by  an  exercise  of 
the  will,  but  wc  cannot  by  any  voluntarj-  effort  carrj-  out  the 
third  kind  of  movement,  we  cannot  rotate  the  cycbuU  round  tlie 
visual  axis,  wc  cannot  twist  the  eye  in  a  swivel  movement  round 
its  longitudimd  axis.  'Iliere  arc  certain  movements  of  the  eye 
in  which  such  a  gwivel  rotation,  if  we  may  so  call  it,  does  to  a 
certain  extent  t.ike  place,  and  when  we  inauoe  these  movements 
we  do  bring  about  such  a  swivel  rotation  i  but  we  cannot  bring 
alMUt  swivel  jotation  by  itself,  we  can  only  effect  it  as  [art  of 
the  particular  movements  in  question. 

And  there  is  a  resfion  why  wo  aro  tbus  limited  as  to  our 
power  of  moving  the  eyeball.  In  both  rotation  round  the  hori- 
zontal axis,  and  rotation  round  tb«  vertical  axis  and  in  all  the 
varioiu  combinations  of  the.te  two  movements  which  are  possible, 
the  tn'O  "  lines  of  sc[»iration  "  (§  589)  on  both  the  retinas  keep 
their  places ;  there  in  no  di.'^location  of  the  corresponding  regions 
of  the  two  retinas.    Obviously  the  two  retinal  circles  in  Ute  lower 
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tAke  place  without  any  each  rotation,  a  slight  amount  does 
intervene  during  convergence  of  the  visual  axes,  as  when  W0 
turn  our  eyes  from  a  distant  to  a  near  object.  On  careful 
examination,  liowever.  it  appears  that  such  an  amount  of  sn-ivel 
rotation  as  does  take  place  is  after  all  for  the  purpose  of  secur- 
ing the  end  thnt  corresponding  parts  of  the  two  retinas  should 
be  affected  by  the  ttaine  external  ohjuct;  and,  though  we  cannot 
here  enter  moi-o  fully  into  the  subject,  we  may  May  that  not  only 
the  more  general  movements  of  tlie  eye  which  obey  Listing's 
law,  hut  also  tho-ie  which  form  an  exception  to  it,  appear  to  De 
carried  out  in  the  interests  of  binocular  \TBion.  We  may  now 
turn  to  the  study  of  the  ocular  muscles,  by  the  carefully  coordi- 
nated contractions  of  which  the  vaiious  movemeutji,  on  which 
we  have  dwolt,  are  brought  about. 

§  392.  The  mu«cle»  a}'  (he  eiicbatl  or  ocular  muiclet.  TI»o 
eyeball  is  moved  by  six  nuutcle^,  four  of  which  aie  stmigbt, 
museuli  recti,  inferior,  »upf.rior,  intemui  or  medialit  and  i-^^rwu* 
or  lateralis,  and  two  oblique,  muaculi  obtigui,  inferior  and  »u[tf- 
rior.  The  four  straight  muscles,  taking  origin  from  the  back 
of  the  orbit  around  the  sphenoidal  fissure  and  the  entrance  of 
the  optic  nerve,  are  directed,  as  tlieir  name  indicates,  straight 
forward,  (the  superior  rectus,  bowevcr,  having  a  peculiar  bend.) 
and  are  inserted  in  positions  corresponding  to  their  sevaml 
names  into  the  sclerotic,  l)ehind  the  cornea,  the  bundles  of 
fibres  of  the  tendons  Iwiug  interwoven  with  those  of  the  sole- 
rotie.  The  tendon  of  the  internal  rectus  on  the  median  or 
nasal  side  of  the  eyeball  is  the  broadest  of  the  four ;  that  of  the 
superior  rectus  on  the  upper  surface  being  somewhat  narrower, 
and  t1ia-«e  of  the  inferior  rectus  ou  the  under  surface  and  of  the 
external  rectus  on  the  lateral  or  temporal  side,  siill  narrower 
(Fig.  15d).  The  insertion  of  the  superior  rectus  lies  nearer  to 
that  of  the  extenial  rectus  tlian  to  that  of  the  internal  rectus ; 
its  position  therefore  is  not  exactly  median,  indeed  for  two- 
thirds  of  its  width  it  lies  in  the  upper  lateral  quadrant  of  the 
sclerotic  ling.  The  insertions  of  the  exterual  and  of  the 
internal  rcctu:s  aie  both  median.  The  insertion  of  the  in- 
terniil  ixT.tus  is  the  one  closest  to,  and  that  of  the  supurior 
rectus  the  one  farthest  away  from  tlie  cornea,  and  the  latter 
slants  so  as  to  be  nearer  the  cornea  at  its  median  than  at  its 
lateral  end. 

The  superior  oblique  muscle,  or  trochlear  or  pathetic  muscle, 
taking  origin  from  the  back  of  (ho  orbit  near  the  origin  of  the 
straight  muscles  and  runuiug  forn-ard  internal  to  tlw  superior 
reotus,  ends  in  a  tendon,  %vhich  chiinging  its  direction  by  means 
ofapallev  (troehlea),  unA  pfutsing  beneath  the  superior  rectus 
is  insertecl  into  the  sclerotic  in  the  upper  region  of  the  bulb 
towards  its  bind  part.  The  line  of  insertiou  of  the  tendon 
(Fig.  159)  runs  obliquely  from  the  temporal  towards  the  nasal 
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side,  its  niHl-jwint  lying  not  far  from  the  vertioftl  meridian  of  the 
eyeball. 

The  inferior  oblique  muscle  i\mes  from  the  front  of  the  floor 
of  the  orbit  on  the  nai^al  sidt- ;  it  is  dirvct^-tl  at  linit  backwards 
to  the  temporal  aide,  utidcniouth  the  Jnfvrior  rectus,  bt-twocn 
that  and  the  floor  of  tlit-  urhit,  and  then  paiwinB  ujiwardi*  and 
)jackward;s  is  inserted  into  the  sclerotic  undemeath  the  external 
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rectus  in  the  hind  temporal  part  of  the  hall.  The  line  of  inser- 
tion (Fig-  159)  is  also  an  oblique  one  like  that  of  the  superior 
oblique  but  it  is  placed  somewhat  farther  past  it ;  ita  bind  end  Un 
not  far  from  the  entrance  of  the  optic  nerve  aitd  it  runs  thciice 
forwards  anil  downwards. 

ij  593.  The  manner  in  wliiih  the^  matcles  arc  thug  8evei<> 
ally  attached  to  the  evelKiil  siigMsta  that  in  contracting  they 
would  njove  the  eyeball  in  the  following  waji*.  Taking  ctiange:^ 
in  the  direction  of  the  visual  asis  as  indicating  the  nature  of 
each  movement  we  should  expect  that  the  superior  rectus  would 
tttrn  the  vistuil  axis  upwanis,  the  inferior  rectus  downwards, 
the  ext«n)al  rectus  outwards  towards  the  temponl  aide,  and  thi^ 
internal  rectnK  inwards  tiiwards  the  nasal  .itde.  The  inferior 
oblique,  ita  insertion  heinj;  on  the  hind  and  lateral  part  of  the 
eyelnll,  and  the  direction  of  tlte  muscle  being  clownwards, 
would  in  contracting  turn  tlie  visual  axia  upwards,  while  the 
superior  oblique  having  a  somewhat  similar  insertion  but  actii^ 
ill  an  opposite  direction  would  turn  the  visual  axis  downwards. 
lioth  must^les  however  in  thus  raising  or  lowering  the  visual 
axifl  would,  owing  to  the  oblique  direction  of  tlivir  iusertiona 
at  the  name  time,  turn  it  to  the  temporal  aide;  the  movement 
OS  the  names  of  the  muscles  suggest,  would  be  an  oblique 
oue. 
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Tlic  six  Diuscles  therefore  wrtuld  seem  to  act  aa  three  pairs, 
the  superior  aii<l  inferior  i-cctui;,  the  ioteniiLl  ivnd  cxt^rtiul  rec- 
tus. hikI  the  inferior  atid  superior  oblique,  cnuli  puir  rotating 
the  ej-elKill  round  a  particuliir  uxi».  Cileuhitioux  IxuR-d  on  it 
careful  study  of  the  attaehme»tt<  und  directions  of  the  several 
musclt^,  and  tlie  results  of  actual  o)Mervation»,  shew  that  this 
is  HO,  and  that  the  movements  carried  ont  by  the  several  pairs 
may  be  more  accurately  described  as  follows. 

The  superior  rectus  and  the  inferior  rectus  (see  Fig.  160) 
rotate  the  eye  rouud  a  homontal  axis,  which  may  bo  described 


obi  tup. 
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Pia.    160.      DUUKAK  TO   II.LC1THATK  THK  ACTIOSO  OT  TUB  HuKI-BS  Of  TUB  EtB. 

TUo  eye  rnprescntaii  is  the  leti  eye  »«!«  from  above.  Tlie  UUck  liaea  «brw, 
b;  means  of  the  krrows,  Iho  direction  in  whicli  the  several  tutuicleii  pull,  tfaa 
beginning  of  Kw\t  line  »\»<)  indicalinft  thn  ntta^msni  at  the  miucle.  The  dotted 
Ud«s  Liidicittv  the  axiE  of  rotation  of  th«  rapc<rior  and  inferior  nctas  luid  of  iIm 
obllqiii:  muncles.  The  axil  of  roi&liou  u(  tlii^  lutvriial  aiid  eit«niial  ractua  lMiii|t 
perpendiciilur  to  the  pluiifl  of  the  paper  cannot  b«i  ah^wu.  v  s  lepraieuta  Uie 
vltual  axis  and  hxa,  line  at  right  nn^ca  to  it.     (After  PSok.) 

88  one  directed  from  the  root  of  the  noee  to  the  temple :  it  is 
therefore  not  a  lino  at  right  angles  with  the  visual  axis  but  one 
making  an  acute  angle  (20°)  with  such  a  line.  The  superior 
and  inferior  oblique  rotate  the  eye  round  a  horizontal  axis 
which  may  be  described  u«  one  directed  from  the  centre  of  the 
eyeixill  to  the  occiput;  it  again  is  not  a  line  at  right  angles  to 
the  vii^ual  axis,  but  makes  an  angle,  with  such  a  line,  larger 
(60°)  than  the  similar  angle  made  fay  tlie  inferior  and  superior 
rectus,  and  turned  in  a  different  diioction.  The  internal  rectus 
and  external  rectus  rotate  the  eyeball  round  a  vertical  nx\»  pass- 
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ing  throuffh  the  centre  of  rotntinn  of  the  eyeball  parnllel  to  the 
median  plane  of  tlie  heftd  when  the  head  is  vertical :  this  there- 
fore is  at  right  angles  to  tlie  visual  axis,  and  8o  diffeiii  from  the 
other  two. 

When  we  compare  tho  movcincntj;  tlios  effected  by  these 
scvcml  i»tira  of  muttelett  wiih  the  [novenitints  which  we  described 
nbove  (§  590)  >m  the  onlinaiy  movements  of  the  eye,  niimvly 
movoment»  nf  rotation  roiiiui  a  vertical  and  round  a  horizontJU 
HxiR  both  at  right  angles  to  the  visual  axis,  we  .H«e  that  it  is  only 
the  movements  round  the  vertioal  axis  which  mn  l>o  carried  out 
by  one  pair  of  muscles  acting  alone,  the  particular  imir  being 
the  internal  and  external  rectus.  Neither  the  horizontal  axis  of 
rotation  of  tho  inferior  and  the  superior  rectus,  nor  that  of  the 
oblique  muscles,  ix  placed  exactly  at  right  angles  to  the  visual 
Kxi«;  each  of  them  makes  an  oblique  angle  with  that  axis. 
Hence  when  in  carrying  out  the  ordinary  movement  of  the  eye 
we  lotale  the  eveball  round  the  horizontal  axis,  we  do  not  em- 
ploy  either  of  uieHs  pairs  of  muscles  alone,  but  combine  them, 
niaKing  use  of  one  muscle  of  one  pair  with  one  of  the  other. 
The  superior  and  inferior  rectus  in  moving  the  visual  axis  up 
and  down  also  turn  it  somewhat  inwards,  to  the  nasal  side;  but 
this  in  corrected  if  tho  oblique  muscles  act  at  the  same  time; 
and  it  is  found  tliat  ihe  reiaus  superior  acting  with  the  inferior 
<ibli(|ue  mows  tlie  visual  axis  direotly  upwards,  and  the  rectus 
irifi^nor  acting  with  the  superior  oblique  directlv  downwards  in 
a  vertical  direction ;  that  is  to  say  the  two  combinations  rotate 
the  eyeball  round  a  horizontal  axis  at  right  angles  to  the  visual 
axis. 

Hence  there  are  only  two  movements  of  the  eyeball  which 
we  can  carry  out  by  the  h«lp  of  one  muscle  alouv,  tuimely  that 
in  which  wc  dimply  turn  the  visual  Hxis  to  the  na»al  aide,  em- 
ploying  the  internal  rectus,  and  that  in  which  we  turn  it  to  the 
temjMtra)  side,  employing  the  external  rectus,  the  visual  axis  in 
both  cases  remaining  in  the  same  plane,  the  visual  plane.  In 
order  to  raise  or  lower  the  visual  axis  in  the  same  vertical  plane, 
without  lateral  movement,  we  must  use  two  muscles :  and  if  we 
wish  to  execute  an  oblique  movement  combining  an  up  and  down 
with  a  side  to  side  movement  of  tliu  visual  axtii  we  must  employ 
thice  of  tlie  ocular  muscles.  Tlicjie  several  moTements,  with  the 
muscles  concerned,  may  be  slated  a^t  follows,  the  movement  in 
each  case  being  described  with  reference  to  changes  in  the  direc- 
tion of  the  visual  axia. 


si 
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To  nasal  side. 
To  temporal  side. 
Upwards. 
Downwards. 


Internal  rectus. 

External  rectus. 

Superior  rectus  and  inferior  oblique. 

Inferior  rectus  and  superior  oblique. 
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Upwards  and  to 

nasal  aide. 
Downwards  and  to 

niisiit  side. 
Upwards  and  to 

temporal  side. 
Dowiiward.s  and  to 

temporal  Bide. 


Supurior  rectus,  mteraal  rectus  aoil 

inferior  oblique, 
liiferior  rectus,  internal  rectus  and 

superior  oblitjue. 
Superior  recitus,  external  reottu  ami 

inferior  oblique. 
Inferior  rectus,  external  rectus  and 

superior  oblique. 


The  fact  that  in  our  ordinary  movements  of  the  eye  we  do 
thuR  combine  the  actions  of  miisclos.  and  thu  advantages  of  such 
a  combination  tire  further  »hcwn  in  connection  with  tliat  avrivel 
rotation  of  the  eye  round  Uic  visual  iixi»  itavlf.  which,  as  wo 
have  8cvn,  i»  wholly  avoided  in  many  of  our  movcineutM  and 
which  we  cannot  carry  out  by  a  direct  effort  of  the  will.  Tbe 
superior  rectus  acting  by  itself,  owing  to  the  position  of  its 
insertion  in  reference  to  the  dir«ction  of  the  fibres  not  only 
turns  the  visual  axis  inwards  while  directing  it  upwartls.  bm 
also  to  II  slight  extent  rotates  the  eye  round  the  visual  axis, 
and  the  inferior  rectuy  as  well  as  both  the  oblique  muscles  in 
like  manner  tend  in  contracting  to  give  the  eycbuU  such  t 
swivt'l  rotation.  This  tendency  of  the  superior  rectus  like  its 
tendency  to  turn  the  visual  axis  inwards  is  counteracted  by  tlie 
inferior  oblique,  the  swivel  rotation  of  tlie  latter  being  contrary 
in  direction  to  that  of  the  former  ^  and  the  like  tendency  of  the 
inferior  rectus  is  in  like  manner  counteracted  by  the  superior 
oblique.  Thus  the  movements,  in  cartying  out  which  these 
muscles  aro  combined,  arc  rciulei'ed  free  from  tlie  swivel  rotatioa 
clement.  On  the  other  hand  this  tendoucy  of  the  muscles  in 
question  is  utilized  in  tlie  particular  movemeut«  in  which  the 
swivel  rotation  does  take  place. 

§  594.  The  coordination  of  the  movements  of  thr  tifitt.  Tbe 
external  rectus  is  goA'emed  by  the  sixth  nerve,  nervus  abducens, 
the  nucleus  of  which  lies  in  the  door  of  the  fourth  ventricle  in 
u  positiou  indicated  by  the  cminentia  teres.  The  superior 
oblique  muscle  \a  governed  by  the  fourth  nerve,  nervus  trocb- 
learLi,  the  nucleus  of  which  lies  in  tJie  floor  of  the  aqueduct, 
in  the  region  of  the  posterior  corpus  quadngeniinum.  XU  the 
other  ocular  muscles  are  governed  by  the  third  nerve,  the 
nucleus  of  which  lies  in  tbe  floor  of  the  aqueduct  in  the  region 
of  tbe  anterior  corpus  quadrigeminum  ;  as  we  have  aaid  (§  5&9), 
tlie  fibras  of  the  third  nerve  goiug  to  these  ocular  musoles  seem 
to  be  mora  especially  connected  with  the  bind  part  of  tbe 
nucleus. 

P'rom  what  has  been  aaid  above  it  is  obviotu  that,  even  in 
the  movements  of  one  eye,  a  coordination  of  the  motor  nervotu 
impulses  must  in  most  cases  take  place.  When  we  turn  the 
viaual  axis  outwards  the  motor  impulses  are,  it  is  true,  confined 
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to  the  sixth  nerve,  reaching  the  oxtemtl  rectus,  and  when  we 
torn  it  inwardx  are  oontiiied  to  the  third  nerve,  reaching  the 
intcrnnl  rectus ;  but  in  all  other  movements  motor  impulsM 
mu-st  deiicend  to  at  Itast  two  muKcles  along  different  nerve- 
branches,  and  in  many  cases  must  start  from  two  or  even  a]l 
three  of  the  cranial  nuclei  juf>t  mentioned.  Even  in  movements 
of  one  eye  there  miut  be,  in  most  cases,  moixi  or  less  coordina- 
tion of  actual  motor  imiiulse^,  in  order  to  secure  due  efficiency 
of  the  movement;  by  actual  motor  impuUe^i  we  mean  iinpulscK 
leading  to  the  contraction  of  muscular  fibres,  irrespective  of 
any  influences  wliicli  may  at  the  same  time  be  brought  to  bear 
on  anugonititic  muscles,  in  order  to  facilitate  or  qualify  the 
movement. 

But  if  this  is  true  in  the  case  of  one  oyo,  much  mora  is  it 
true  when  we  use  Ijolh  eyes  in  binocular  vision. 

Two  facts  about  binocular  vision  strike  our  attention.  Tlic 
one  IK  that,  as  may  be  Heen  by  watcbinj^  the  movements  of  any 
l>enion's  eyes,  the  two  eves  move  together.  If  the  right  eye 
moves  to  the  right,  so  (foes  also  the  left,  and,  if  tJie  object 
looked  at  be  a  distant  one.  exactly  to  the  same  extent:  if  the 
right  eye  looks  up,  the  left  eye  looks  up  also;  and  so  with 
regard  to  other  movements.  Vorj-  few  pcisons  are  able  by  a 
direct  effort  of  the  will  to  move  one  eye  indej^iciidentlr  of  the 
other;  though  bv  some  the  power  has  been  acquired.  Wo  shall 
refer  immediately  to  particular  movements  in  which  one  eye 
only  is  moved,  white  the  other  remains  motionless.  The  other 
salient  fact  is  that  the  movements  of  the  two  eyes  are  limited  in 
certain  ways.  As  we  have  seen  one  of  the  simplest  ocnlar 
movements  is  the  side  to  side  movemont  of  the  visual  axis,  and 
one  of  the  commonest  binocular  mo\'ements  is  the  convergence 
of  the  visual  axes,  as  whini  we  turn  our  eyes  from  something 
far  off  to  something  near,  or  converaely  the  change  from  con- 
siderable convergence  to  less  convergence  as  when  we  turn  our 
eiyea  from  something  near  to  something  farther  off.  In  a  large 
number  of  instances  this  change  to  convergence  from  parallelism, 
or  this  increase  or  decrease  of  eonvergenco  takes  place  without 
any  change  in  the  visual  plane,  without  any  raising  or  lowering 
of  the  visual  axivt;  in  euch  instaiioes  the  movement  is  carried 
out  in  convergence  by  the  two  internal  rectus  muscles,  or  in 
decrease  of  convergence  by  the  two  external  rectus  muscles ; 
Mtd  tlie  only  coordination  necessat^-  is  one  which  secures  that 
the  muscle  of  one  eye  should  work  in  harmony  with  tlio  muscle 
of  the  other  eye.  I)ut  even  this  relatively  i^impU-  movement  is 
limited  in  a  very  marked  way.  We  cao  bring  the  visual  axc-s 
of  the  two  eyes  from  a  condition  of  [tanllelism  to  one  of  almost 
any  degree  of  convergence,  but  wc  cannot,  without  artificial 
awUtance,  bring  them  from  a  condition  of  parallelism  to  one  of 
divet^nce.     l^e  stereoscope  will  enable  as  to  create  such  a 
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fli\i;rf^nee.     If  in  a  8U;reo»eope  the  disteiif:«  betir« 
Uire»  be  increased  v«rr  gmdiuUy  to  m  carefully  to  *^1 
Uie  impresuon  of  a  single  object,  tbe  Tisoal  axe»  mav  l^T^ 
to  diverge,  and  the  subject  of  tbe  experiment  nnyiui^^ 
made  aware  of  tbe  divergence,  by  tbe  sudden  reinonl 
uwtTtuneDt  from  his  eyc« ;  his  Tision  of  external  cibje 
a  moment  double,  but  for  a  moment  only.     Tliis  esp 
shews  the  reason  of  tbe  limitation  of  wbiili  tn;  arc) 
So  long  as  tfae  visual  axes  are  parallel  or  appr 
Tergent  the  images  of  external  objects  fall  on  l   ... 
paru  of  the  two  retinas,  and  single  vision  resolts; 
visual  axes  are  cai-ried  beyond  parallelism,  the 
two  retinas  ai-e  not  on  coireapoDoing  ports  and  visioul 
Thus,  as  regards  convergence  or  divergence  of  the 
the  movements  of  the  two  cytM  are  governed  by 
tluit  the  will  can  of  itself  only  cany  out  tbovo  movemeotol 
are  consistent  with  images  of  external  objeet«  fa 
spondtng  parts  of  the  two  retinas.    There  m*  an  exc 
in  the  case  of  extreme  convergence:  we  can  as  inl 

tnate  the  visual  axes  convei^  too  much,  and  in  coi     

a  simiile  effort  of  tbe  will  can  obiain  double  vision  ;  but  l 
prulubly  in  order  to  le^ive  a  margin  which  slinll  secure  our  j 
able  to  UM  to  tlic  utmost  our  aocommoiUtion 
near  objects;  otlierwim;  the  nile  holds  good.  Noii 
a«  the  above  experiment  also  shews,  vneo  by  i 
ance.  which  is  in  itself  directed  towards  aecu ring 
with  the  two  eyes,  we  obtain  divergence  of  t)i« 
immediately  that  tbe  assistance  is  done  away  with 
rettirD,  by  an  involuntaiy  movement,  to  parallelism;  the 
vision  occurring  at  the  moment  of  remo>-al  of  the 
mpidty  give«  way  to  normal  single  vision.  Other  illi 
of  ttie  same  principle  may  be  met  with.  For  instance,  if 
tant  object  be  looked  at  with  bi»tb  eyes,  bot  with  a 
horicontally  before  one  eye.  anil  if  ine  image  of  tbe 
kept  carefully  single  while  the  prism  is  turned 
from  tlie  horizontal  to  the  vertical  position,  then  oa 
removing  the  prism  a  doable  image  is  for  a  moment  sceu 
shews  ttuit  tb«  KVK  before  which  the  prism  was  pIjK 
moved  in  disaccordance  with  the  other.  Tfae  doable 
however,  imntediately  after  the  removal  of  tbe  prism,  be 
single  on  account  of  the  eyes  coming  into  accordauoe. 

when  we  examine  nil  tbe  various  movements  of  tbi 
which  wc  arc  cap.ible  of  making  by  a  direct  effort  of  tbi 
wc  find  that  they  arc  all  of  soeb  a  kind  that  throngh  thd 
two  images  of  an  externa)  object  arv  bntucht  upon  comi 
ing  jarts  of  tliv  two  retinas ;  convcrvcly  tbe  movemeols  ' 
could  be  effected  by  the  contractions  of  tbi»  or  that  ocdai 
ele.  but  the  effect  of  which  would  be  to  bring  the  two 
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1a  nf  the  retina  which  do  not  cori-eKpoiid,  are  the  move* 
lich  oiir  iinasaiated  will  cannot  cairy  out. 
in  earlier  part  of  the  work  (§  478)  we  inaifited  at  Rome 
k  ^>n  thv  important  share  tnkt-'ii  by  sensations,  or  at  least 
frrsr-ent  impulse«)i  iu  the  coordtiiutioii  of  tnoUir  impulses;  nud 
^"vements  of  the  eye  illustrate  tliis  in  a  very  marked  de- 
^rf\ll  the  varioiLS  movements  of  the  eye  aro  uvpenilent  on 
( cnsatioiifi.  The  ixMie  of  each  <?lf^i-ciil  motor  volitional 
is  dependent  on  aiferont  visual  impulses.  In  order  to 
•^tareyes.  we  must  either  look  at  or  for  an  object,  when 
9tlx  to  converge  our  axes,  wo  look  at  some  near  object  real 

rtiiniy,  and  tlie  convergence  of  thu  itxcs  is  usually  .iL'coni- 
by  ftU  the  conditions  of  nvnr  vision,  such  as  incrciisod 
t'Xxkodntion  and  eonslricUon  of  llie  pupil.  Andso  with  other 
~  txiovementt.  Almve  all,  the  careful  selefttion  of  this  or 
•Ciular  mnsele.  the  exl#iit  to  whieh  it  is  to  Iw  thi-own  into 
B-ction,  its  accompaniment  by  the  contraction  of  other  ocular 
and  the  due  coordination  of  all  the  several  contractions 
these  things  are  so  determined  by  visual  seusittions  that 
m  images  of  each  object  lookod  nt  fall  on  corresponding 
of  Uhj  two  retinas, 
little  reflection  will  shew  how  large  an  amount  of  coordi- 
must  thus  take  place  in  daily  life,  how  in  the  various 
eiaents  of  the  eye  there  must  be.  so  to  speak,  the  most  deli- 
looking  and  choosing  of  the  pinscular  instruments.  When 
at  an  object  to  the  right,  since  we  thereby  turn  the 
lit  eye  to  the  temporal  side,  and  tho  left  eye  to  the  nasal  side, 
|throw  into  action  the  external  rwctus  of  the  right  eye  nrid 
■  internal  rectus  of  the  left;  andsimihirly  when  we  look  to  the 
twe  use  the  extern.ll  re*:tusof  the  left  and  the  internal  reotua 
be  right  eye.  On  the  other  hand  when  we  look  at  a  near  ob- 
I  and  therefore  converge  the  visual  axes,  we  use  the  internal 
:  of  both  eyes:  and  when  wc  look  at  a  distant  object,  and 
fthe  axes  from  convergence  towards  panillvlisni,  wc  use  the 
'  rectus  of  both  eyes.  Or  to  take  another  instance.  Sup* 
I  eyes,  to  start  with,  directed  for  the  far  distance,  and  that 
lesired  to  direct  attention  to  a  nearer  point  lying  in  the  vis- 
line  of  the  right  eye.  In  this  case  no  movement  of  the  right 
^  required :  all  that  is  necessary  is  for  the  left  eye  to  be  turned 
right,  that  is.  fur  the  internal  rectus  of  the  left  eye  to  be 
R  into  action.  But  in  ordinary  tnovcmcuts  the  contnie- 
oE  this  muscle  is  always  associated  with  either  the  external 
of  the  right  eye,  jli  when  l>oth  eyes  are  turned  to  the 
bt,  or  liie  internal  lectus  of  that  eye,  as  in  convergence;  the 
ele  is  quite  unaccustomed  to  act  alone.  This  would  lead 
>  suppose  that  in  the  case  in  question  the  contraction  of  the 
ibI  rectus  of  the  left  eye  is  accompitniod  by  a  eontrtiction 
Dtb  the  external  and  the  interrnd  rectus  of  the  riglit  eye. 
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keeping  tbut  byv  in  lateml  eqnilibriuni.  And  the  peculiar 
osciUatiTi};  inovemenU  neeu  in  the  right  eye,  as  well  as  die 
sense  of  effort  in  the  right  eye  which  is  felt  by  the  pcraoD.  sup- 
port thifl  idea.  Wo  noed  not  multiply  these  instances ;  it  miut 
he  gufficiently  obvious  that  n  very  large  amount  of  coordination 
takes  phife  in  the  flaily  use  of  our  eyes. 

§  59S.  Siiuh  iL  coordination  involves  the  existence  of  trhil. 
to  uontinue  the  litte  of  a  term  which  we  have  prerioosly  U8<d, 
wo  may  call  a  coordinating  nervous  mechanism.  The  coor- 
dinatea  efferent  impulses  issue  from  one  or  more  of  the  nucld 
of  the  three  cranial  nervus  concerned,  niuuely  the  sixth,  the 
fourth,  and  the  third.  The  uffiirent  visunl  impulsi^  biking  part 
ill  the  coordination,  we  have  in  an  earlier  luirt  of  this  book 
(§  496)  tiiiced  to  the  primary  vi»ual  centres,  and  thence  to  the 
occipital  cortex.  The  volitional  impulftes  themselveft  are  we 
have  seen  (§  484)  connected  in  some  way  or  other  with  an  are* 
of  the  cortex  lying  in  the  monkey  in  the  frontal  lohe.  in  the 
neighbourhood  and  in  front  of  the  prccentral  fisBura  (Figs.  122. 
123)  and  pioUibly  in  niuii  occupying  a  corresponding  position. 
How  ai-e  tlifse  tbroc  faetore  of  the  whole  nervous  action  brought 
to  hear  the  one  on  the  other?  When  it  is  remembered  bow  ■ 
complex  and  delicately  balanced  are  the  movements  in  question,  ^ 
proreibly  the  most  intricate  and  the  most  delicately  balanced  (rf 
all  the  movements  of  the  body,  it  will  readily  he  undereiood 
how  difficult  is  the  answer  to  such  a  question.  StimuUtiou  of 
the  cortieiil  iircn  for  movements  of  the  eyes  leads  as  niiglit  bo  ex- 
pected to  bilateral  muvenients,  to  movt-nients  of  both  eyes.  "Hie  _ 
most  common  effect  of  stimulating  the  cortical  area  \s  a  lateral  ■ 
movement  of  both  eyes  in  the  same  direction  towai'ds  the  oppo-  " 
site  side,  a  conjugate  lateral  deviation  of  both  visual  axes  towanls 
the  opposite  side.  For  instance  when  the  cortical  area  of  the  left 
hemisphere  is  stimulated,  the  visual  axes  of  both  eyes  ai-e  turned 
to  the  right,  the  external  rectus  of  the  right  eye  and  the  internal 
rectus  lit  the  left  eye  Iteing  tlirown  into  oontmetion  \>y  impulses 
parsing  down  the  right  sixth  nerve  and  left  tliird  nerve ;  the 
efferent  impuls&i  therefoi-e  cross  in  the  caae  of  one  nerve  btit 
not  in  the  case  of  the  other.  Similarly,  when  the  right  hemli- 
phere  is  stimulated,  impulses  paas  down  the  right  third  nerve  M 
and  left  sixth  nerve.  f 

Though  these  lateral  movements  arc  those  most  easily  pro- 
duced, other  movemenls,  conjugate  raising  or  lowering  of  both 
eyeballs,  oblique  movements,  and  even  movements  of  convorgenc« 
have  been  obtained.  And,  were  our  mcians  of  stimulation  ade- 
quately diaoriniinating,  it  would  probably  l)e  found  that  each  of 
the  several  ocular  movements  might  he  called  forth  by  atimu- 
latiiig  the  appropriate  cortical  focus.  Like  movements  of  (he 
eyehnlls  may  also  be  obtained  by  stimulating  not  the  frontal 
motor  region,  hut  the  occipital  region  (§  498).    Tbc«e  hwter 
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moveineiits  are  not  due  to  tlie  fronUl  motor  area  being  in- 
clirecUy  thrown  into  action,  since  they  awiear  even  nftcr  tiiis  has 
been  i-emoved :  they  are  obviously  brnuglit  ahoiit  by  a  scpsrste 
niecbaDistn.  The  action  of  the  cortex,  moreover,  appears  not  to 
be  limited  to  producing  eoutractiotis  in  these  ocular  miisclos; 
it  may  take  on  the  character  of  inhibition.  If  the  third  and 
fourth  nervals  be  divided  on  one  nidti,  so  a^i  to  leave  the  rectus 
externiDt  of  that  eye  alone  available,  not  only  in  tbo  opposite  eve 
moved  outwardct,  upnn  stimulation  of  tJie  cortex  on  that  xiue, 
but  the  eye  of  the  same  aide  followii  it  to  a  certain  extent:  that 
ia  to  Bay  the  stimulation  of  the  cortex,  while  it  lead.s  to  contrac- 
tion ill  the  opposite  rectus  externum,  inhihiu  a  tonic  contraction 
of  the  rectus  cxtcrnua  of  the  eye  of  the  same  side  and  so 
permib!  that  eye  to  move  in  the  same  direction  as  its  fellow. 
TbiM  LM  a  further  indication  of  tlie  coniplcxitv  of  tke  cooi^ 
dination  of  th«8C  ocular  miisele^.  This  coortiiuation  in  not 
effected  or  not  wholly  effected  in  the  cortex,  since  coonlinate 
movementa  may  be  produced  by  stimulatinf;  the  fibres  leading; 
from  the  cortex.  Possibly  some  at  least  of  the  cooidinalion  i» 
effected  by  help  of  the  anterior  coriiora  quadrigemina,  oince 
coordinate  ocular  movements  may  w  obtained  by  directly 
stimulatinfT  these  bodies.  The  tnict  of  fibres  known  as  the  pos- 
terior longitudinal  bundles,  which  Keeinit  to  serve  as  a  tie  uniting 
tlie  several  ocular  nuulei,  probably  also  plays  a  part  in  tho 
matter. 

The  Horopter. 

§  596-   Wlicn  we  look  at  any  ohji-ct  we  direct  to  it  tho  %Tsnal 
axes,  so  that  when  the  retinal  image  of  the  object  is  small,  the 


Fio.  101.    DiAOKAM  iLUTRTKAtnn  *  (ivrt.s  HoRorTSB. 
When  Uie  nraal  axes  convei^p  u  C.  (be  tmuRS  u  a  of  any  point  Aon  Om 
cirdt  dnwn  ihrough  C  and  the  nadat  poUiU  t  k,  «rUI  lail  ob  comtipondiiiff  poUtta. 

*correKponding*  porbs  of  tho  two  retinas,  oii  which   tho  two 
images  of  the  object  fall,  lie  in  their  respective  fovete  cenlnles. 
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But  while  we  are  looking  at  the  pnrticular  object  tlie  iiaage*«l 
other  object*  surrouuding  it  full  on  the  retina  surroandiog  iIm 
fovva,  und  thus  go  t')  form  wliAt  i»  called  indirect  vtsioa.  And 
it  is  obviously  of  advantage  that  other  imnges.  besides  tbiiof 
the  object  to  which  we  are  specially  directing  our  attentioa. 
should  fail  on  *  corresponding '  imtts  in  the  two  eyc«.  Were  it 
not  so,  while  our  vision  of  the  particular  object  would  be  u^e. 
our  vision  of  all  its  snrroundingji  would  be  double ;  and  this,  tt 
least  in  certain  coses,  would  be  confusinfr.  For,  eren  when  we 
are  concentrating  onr  att«ntion  on  a  particnlar  object,  we  tre 
atill  conscious  of  its  niirmundingH,  and  Itesides,  our  ap{ir«ciRlioii 
of  any  image  falling  on  the  fovea  is  intluenc<?d  by  impressions 
which  we  are  at  the  same  time  receiving  from  other  ports  of  th« 
retina.  M 

Now  forany  given  position  of  the  eyes  there  existit  in  the  field  ■ 
of  sight  a  certiiin  line  or  surface  of  such  n  kind  tbat  tfae  images 
of  the  points  in  it  all  fall  on  corn^pondiug  points  of  the  retina. 
A  line  or  surface  having  this  property  is  called  a  Horopter.   The 
horopter  is  in  fact  the  aggregaie  of  all  those  points  in  space 
whicli,  in  any  given  position  of  the  eyes,  are  projected  on  to  cor* 
responding  points  of  the  retina:  hence  its  determination  in  any 
partivnlarca.-se  is  simply  a  matter  of  geometrical  calcolation.   In 
some  instanccK  it  becomes  a  very  complicated  tignre.     The  caM'B 
whose  features  are  most  easily  grasi>ed  is  that  of  a  circle  drawn 
ill  the  plane  of  the  two  visual  axes  through  the  point  of  the  con- 
vergence of  the  axes  and  the  nodal  points  of  the  two  eye*  such 
OS  IS  shewn  In  Fig.  161.     It  is  obvious  from  goometrii-al  rela- 
tions that  the  two  images  of  any  point  in  such  circle,  tlie  nys 
from  which  can  enter  the  two  pujMls  and  fall  on  the  ttvo  retinaft, 
will  fall  on  corresponding  points  of  the  two  retinas.     When  we  I 
study  the  various  horopters  of  tlie  several  poaitions  which  the 
two  eyes  can  take  up.  we  find  thai  the  characters  of  the  horop 
ter  are  adapted  to  the  needs  of  our  daily  life.    Thus  in  the  posi-' 
tion  assumed  by  the  two  eyes  when  wc  stand  upright  and  look 
at  the  disUint  horizon  the  horopter  is  (approKimittely,  for  nor- 
mal emmetropic  eyes)  a  plane  drawn  through  onr  feet,  ihatU  _ 
to  aay,  is  the   ground  on  which  we  stand;   the  advantage  o^fl 
this  is  obvious.  ™ 

Nevertheless,  in  most  positions  of  the  eyes  a  large  number  of 
the  images  which  make  up  the  binocular  nsu.-tl  field,  do  not  VtoM 
on  any  horopter,  do  not  fall  on  corresponding  puinlM.  and  gix'efl 
rise  not  to  one  sensation  only  but  to  two  sensations  differing  to 
a  certain  extent  from  each  other.  A  great  deal  of  what  we  see 
is  seen  double  by  us,  we  receive  from  many  objects  two  unequal 
impressions ;  but  the  inetiuality  chieBy  serves  to  give  an  appear- 
ance of  "solidity ''  to  the  objects,  to  assist  in  our  jmlgment  of 
solidity.  To  the  consideration  of  these  and  other  visual  judg- 
ments as  well  as  of  some  oilier  psychological  features  of  vision 
we  must  now  turn. 


weH 


SEC.  10.     ON   SOME   FEATURKS  OF 
VISUAL  PEKCEPTIONS   AND  ON   VISUAL  JUDGMENTS. 


§  597.  We  may  now  tum  our  attention  to  Rnme  of  those 
difft-Tcnces  Iwtween  the  feitturefi  of  external  objects  and  our 
perception  of  them  which  uni  more  disliuctly  of  mvchological 
origin :  but  slncii  thu  piu'po^c  of  this  work  tit  physiological  and 
not  mv<.'hi>lnf;ic»l  we  mu»l  )w  oontviit  to  treat  them  v«ry  briefly. 

Talkinjj  tirwt  of  all  the  gwiienil  features  of  the  field  of  vision, 
we  find  psychinal  iirocesdes  ent«riag  largely  even  into  thew.  A« 
we  have  iiuiden tally  seen,  the  sensations  which  an  object  excites 
are  very  diffiTout  aL-cording  as  the  object  is  in  the  central  or  in 
the  peripheral  region  of  the  field  of  sight.  Two  i>arts  of  the 
object  sufficionlly  far  apu-t  to  give  riite  to  two  sensations  in  the 
former  case  may  give  rise  Ut  one  sensation  only  in  the  latter 
cnw;  and  the  colour  sensations  excited  by  tlie  same  object  may 
be  widely  different  in  llie  two  ea^ee.  If  we  picture  to  oiintelvu« 
the  grnupof  »on.<tations  excited  by  the  image  of  an  object,  snch  as 
a  flower,  when  the  imaee  falls  on  the  fovea,  and  con]j)are  that 
group  with  the  group  of  sensations  excited  by  the  same  flower 
when  the  image  of  it  falU  on  tJie  periphery  of  the  retina,  sup- 
posing the  com[xu'ison  to  be  made  hvforc  the  sensations  are 
moulded  into  psychical  perceptions,  the  two  groups  would 
appear  to  (wlong  to  verj-  unlike  objects.  Moreover,  when  we 
use  both  eyesf,  the  images  of  some  of  the  objects  in  the  field  of 
sight  are  falling  on  both  retinas,  while  others  are  falling  on  one 
retina  only,  and  of  those  which  fall  ou  both  retinas,  some  lie  on 
corresponding  points,  so  that  the  sensations  of  the  two  eyes  are 
blended,  while  othent.  not  lying  in  the  horopter,  give  rise  to 
senwtJons  in  one  eye  different  from  tJiose  in  the  other.  Could 
we  become  aware  of  the  crnde  sensations  which  go  to  make  up 
our  field  of  vision,  they  would  apgtear  as  a  heterogeneous  med- 
ley.  But  in  the  field  of  vision  of  which  we  are  actually  awmre, 
tliat  in  which  the  crude  sensatiotra  have  by  psychical  operations 
been  moulded  into  pci-ccptions,  wc  do  not  recocnize  the  various 
discrepancies  of  which  we  are  si>eakiiig:  the  held  of  vision  is 
homogeneous.  When  we  look  at  «  Innuscape  we  are  not  aware 
tliat  objecU  uo  tlio  far  left  or  far  right  nand  are  producing 
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sensationi;  tn  a,  vf&y  very  diGTorvnt  from  that  in  which  objectt 
directly  in  tlic  litiu  of  vision  an:  producing  isensations ;  it  is 
only  by  speviiil  analysis  th»t  we  become  acquainted  with  tbe 
properties  of  the  peripheral  retina.  In  actual  vision  the  activi- 
ties of  the  central  retina  by  virtue  of  iisychical  processes  iloia- 
inate  those  of  the  periphery.  Conversely  thougn,  ai*  we  have 
said,  when  we  wish  to  sec  luivthing  very  distinctly  we  habitually 
make  use  of  the  central  retina ;  yet  nevertheless  in  ordinary 
vision,  at  the  same  time  that  we  are  thus  making  \me  of  toe 
central  retina  we  are  alHO  receiving  impreMsioux  from  the  whole 
of  the  rest  of  the  retina  within  the  field  of  vision,  and  these 
more  or  less  peripheral  impressions  influence  to  a  certain  extent 
the  psychical  effect  of  the  central  sensations.  Our  j>erceptiou 
of  an  object,  such  as  a  flower,  is  not  the  same  when  we  look  at 
it  as  part  of  a,  landscape,  making  use  of  the  whole  Held  of  vision, 
as  when  we  look  nt  it  through  a  tube  or  otherwise  in  such  a 
way  as  to  exclude  peripheral  vision ;  the  flower  in  tfae  latter  case 
seems  much  more  brilliiiiit,  and  more  highly  coloured.  Some 
of  the  efftict  in  this  ca.se  may  l)e  physiological  and  due  to  retinal 
events,  hut  tlie  greater  part  is  luiychical.  The  iiifluenee  of 
psychical  jirocessea  is  probably  also  illustrated  by  the  experi- 
ence that,  if  on  turning  our  track  on  a  landscape,  we  bend  the 
body  so  as  to  get  a  view  of  the  landscape  backwards  between  the 
legs,  all  the  objects  seem  to  have  an  unusually  brilliant  colouring. 
A  shiking  diffei'Ciioe  between  the  objective  Held  ot  sight 
and  the  subjective  field  of  vision  is  illustrated  by  the  fact  that, 
though,  as  we  have  seen,  that  part  of  the  retina  wluch  corre- 
sponds to  the  entrance  of  the  oj>tic  nerve  is  quit«  insensible  to 
light,  we  are  conscious  of  no  corresponding  blank  in  the  ticld 
of  vision.  When  in  looking  at  a  page  of  print  we  so  direct  the 
visual  axis  that  some  uf  the  print  must  fall  on  the  blind  spot, 
DO  gap  in  the  print  in  {lei'veivvd ;  we  have  to  take  special  ni«as- 
ures  (§  573)  to  discover  the  existence  of  the  spot.  We  could 
not  expect  to  see  a  black  patch,  because  what  wo  call  black  is 
the  absence  of  the  sensation  of  light  from  structures  which  an 
sensitive  to  light ;  we  must  have  visual  ormins  to  see  black. 
But  there  are  no  visual  organs  in  the  blind  spot,  and  conse- 
quently we  are  in  no  way  at  all  affected  by  the  ra^-s  of  light 
which  fivll  on  it.  By  psychical  operations  we  "fill  nn,"  as  it  ts 
said,  the  vacancy  caused  by  the  blind  spot,  so  that  there  is  in 
our  subjective  held  of  vision  no  gap  corresponding  to  the  gap 
in  the  retinal  image;  we  treat  the  sensations  coming  from  two 
points  of  the  retina  lying  on  oppasite  margins  of  the  blind  sjiot 
as  if  they  were  sensations  excited  in  two  points  lying  clo«c 
together,  thus  preserving  the  continuity  of  the  field  ol  virion 
between  them.  Concerning  the  particular  psychical  actions 
by  which  this  is  carried  out.  and  concerning  tne  special  effects 
which  are  produced  when  an  object  in  tbe  field  of  sight  passes 
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into  tbe  region  of  the  blind  xpot  there  has  been  much  diiwus- 
sion  ;  but  into  this  wc  citiinol  i;iit4>r  Uciv. 

In  ordinary  virion,  the  cxi.itvnoc  of  the  blind  »pot  is  of  little 
moment.  Sinc«  it  lies  ouUide  the  i«g'ion  of  distinct  vision,  nud 
since  moreover  in  each  movement  of  the  eje  the  image  of  a 
fresh  pstrt  of  the  external  world  falls  upon  it.  the  errors  to 
wltioh  it  may  lead  are  not  serious  even  when  we  use  one  eye 
only.  The  deficiency  is  further  remedied  by  the  use  of  two 
eves,  since,  the  two  blind  spot«  Ix-iufr  cnch  on  the  UB&al  8i<le. 
tlie  image  of  an  object  will  not  full  on  both  blind  spots  at  the 
same  lime.  Other  Hniftller  or  aceideuUU  imperfections  in  ono 
or  both  eyes  are  similarly  remedied  by  the  use  of  two  eyes. 

§  A98.  Turning  now  to  the  paychical  procetueii  connected 
with  the  perception  of  particular  olijecls.  we  find  these  to  he 
veiy  complex.  Some  of  them  relate  to  the  vei^i'  formation  of 
the  perception  out  of  the  Hcimations  which  the  object  excilos, 
and  are  oft^^iii  of  Huoh  ii  kind  that  the  pcrcejitions  which  they 
influence  so  distinetly  f»il  to  currcspoiid  with  ihe  actual  objects 
that  the  lack  of  correspondence  can  in  many  «a«e(i  be  demon- 
strated :  »ueh  env)neouH  perceptions  are  often  spoken  of  as  "  illu- 
sion.'*." In  other  caHes  the  psychical  processes  relate  to  a  further 
mentiil  action  by  which  we  form  judgments  as  to  the  features  of 
externa)  objects.  It  is  not  easy  however  always  to  draw  a  line 
l)etween  a  '  visuiil  judgment.' such  as  thitt  involved  in  fonning 
a  conclunion  as  to  the  xize  of  on  external  object,  and  wltat  may 
be  called  a  mure  "modified  perception,"  as  when  a  line  api>ears 
to  us  shorter  or  longer  than  it  really  is.  We  may  be  couteni 
her*  to  tj«at  them  all  togetlier. 

'Hie  complexity  of  the  psychical  processes  in  ouesUon  comefr 
about  in  vaiious  ways.  On  the  one  hand  the  ebaiscteis  of  a 
perception  are  detennined  not  alone  by  the  sensttions  which 
actually  give  rise  to  it  but  also  bv  thti  [mychical  conditions  re- 
maining IIS  the  effect  of  former  like  sensations.  In  the  foruii^ 
tion  of  perceptions  and  judgments,  Kti|nrestion)t  and  aasocialions 
play  their  part;  so  tliiit  each  percoplion,  while  it  adds  to,  is 
also  in  jiart  the  rcKult  of  our  'exjienence.'  A  simple  illuatra- 
tion  of  this  is  seen  in  some  of  the  effects  of  colour.  Blue 
colours  as  we  have  seen  predominate  in  a  dim  light  such  as 
tliat  of  evening,  of  moonlight  or  of  winter,  whereas  nils  and 
yellows  are  man>od  in  a  Inicht  light  such  us  tliat  of  full  sun- 
shine, or  of  n  summer's  day.  Ilence,  when  a  Iand.scape  is 
vieweti  through  a  yelluw  glass,  the  yellow  hne  suggt-stj*  lo  the 
mind  bright  sunlight  and  summer  wenther.  although  the  actual 
illumination  which  reaches  the  eye  is  diiniitislicd  by  the  glass. 
Conversely  when  the  same  landscape  b  viewed  through  a  bldo 
glass  the  idea  of  moonlight  or  winter  is  suggested.  An<l  many 
other  instances  might  ho  given  in  which  tlie  appreciation  of  the 
present  is  moulded  by  the  experience  of  the  past. 
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On  the  otiier  liand  the  visual  perception  or  visual  judgment 
is  not  fonnL'd  exclusively  out  uf  the  visual  Kcitsations  whic)i  are 
excitt'd  by  Ilin  titiitgu  of  an  object  ftilliiijj  on  one  or  on  both  crtS 
in  11  givwn  pusiiion.  In  lnoUinjr  al  an  objoct,  a  movvmcut  ofyiie 
or  both  eye»oft«n  takes  place,  and  the  jsei-ceptinn  of  the  object  or 
n  judgment  concerning  the  object  is  formed  out  of  the  two  (ot 
niortO  sensations  excited  by  lue  satne  object  in  different  posi- 
tions of  the  eyes.  And  here  other  factors  enter  into  the  pro- 
cem,  Hitmely  scniiatioiis  other  than  visual  sensations,  sensations 
counuL-ted  with  the  coiitntutions  of  thu  mu«clvs  of  the  eye, 
aflfection*  of  what  it  known  a:*  "th«  muscular  s«nse."  Tlwse 
come  into  play  ev«n  when  we  use  one  eye  only,  but  are  VK|wfl 
ctallv  potent  when  we  use  both  eyes  in  binocular  vision ;  a  large  ■ 
nuniWi-  of  our  vianal  judgments  are  determined  by  the  ninncular 
sensations  derived  from  thi!  movements  of  the  eyes  through 
which  \vf  look  at  tlii;  object  whoso  features  wc  are  judging. 

Other   inibttinccs   aU<>,  sudli  for   instancu   as   sensations   offl 
touch,  tiiku  piiit  in  the  jKtytrhical  prnces^ira  in  question.     The  ■ 
mere  mual  sensations  wititdi  external  objects  excilv,  the  imnuy 
diate  and  direct  effects  of  the  visual  impuLies,  form  after  nil  but 
a  sniiiU  part  of  what  we  call  our  vision.     Such  sensations  and 
other  like  sensations  derived  through  other  senses  are  to  us  l>ut 
symbols  of  things,  upon  \vhiuli  tlio  mind  puts  it«  own  interjire- 
tation.    lint  into  thusc  matter  we  eunriot  enter  hero.    We  must 
confine  ourselvvM  to  oerlain  common  fuct--*  concerning  [>crccptions, 
illusions  and  visual  judgments.,  and  more  eispecially  to  tlioxe  which 
relate  to  the  size  and  distance  of  exteiTial  objects  ami  to  th«H 
characters  of  form  which  are  indicat^^d  by  tlie  word  "solidily."    I 

§  599.     Appreciation  (jf  Apparent  5[>c     The  foundation  of 
our  judgment  of  the  sir.c  of  any  object  is  the  size  of  the   retin:tl 
image  of  llie  object.     Wc  c;tn  ilislinguish  a  sensation  involving 
a  large  retinal  aiva  from  one  involving  n  small  arcs,  and  in  the 
region  of  distinct  vision  can  appreciate  even  stnull  ilifferunccs; 
this  is  of  course  only  an  exercise  of  the  power  of  localization. 
We  have  seen  however  that,  even  in  the  case  of  a  simple  and 
single  sensation   such   as   that  of  a   white    patch  on  a  black 
ground,  the  sensation  doci*  not  correspond  exactly  to  the  ob- 
jective  stimulation   of   the    retina;    the   white   patch    through 
irradiation  §  ftH'2  api)ear,-i  lai^er  than   it  really  is.     Wlwn  we 
come  to  deal  with  more  complex  groups  of  sensations  we  find 
that  over  and  above  any  such  physiological  raoditications  of  tliu 
sensations,  the  psychical  processes  mentioned  above  affect  out 
perceptions  and  judgments  of  size,  often  giving  rise  to  ilUuions. 

If  a  line  such  as  AC,  Fig. 
*•••••  •       162.    bo    divided    into    two 

Piij  ,g2  equal  parts  vli*.Bt'.  and  ylB 

be  divided  by  distinct  marks 
into  several  parts,  as  is  shown  in  the  figure,  while  BO  be  leffcj 
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entire,  llie  distance  AB  will  always  appwir  greater  thnn  CB. 
Thn  it'linal  iniacrvts  of  tiiv  mimvi-x  fnim  A  to  H  itiut  fn»n  B  Xx\  C 
are  eqwd  tind  ine  coirejtjmiiding  primary  vi^oiiil  sensations  ni-e 
vAbo  equal,  but  the  mental  appt^ciation  of  .4  B  m  intei-fered  witb 
by  tlio  concurrent  sensations  of  the  seTeral  intervening  dots  and 
inttrrvuls,  and  tlits  Iciuls  toauiuntal  extigs;eration  of  tbe  intt?rv'al 
between  A  and  J}.     8u  alsO)  if  two  vqual  squares  (Fig.  16S)  be 

A  B 
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marked,  one  with  horizontal  and  the  other  with  vertical  alter- 
nntu  dark  and  lijfhl  bunds,  the  foniicr  will  appear  hi}{her,  and 
the  latter  broiidrr,  tliari  it  really  is.  Hence  tdiort  pvi^uui  uftca 
affect  drcsscK  horizontally  stii[>ed  in  order  ti>  increase  their  (ip- 
pareiil  height,  and  very  stout  persona  avoid  longitudinal  striiw«. 
Ag^ain,  when  a  short  person  is  placed  side  by  side  with  a  tall 
peraou,  the  former  appi»ra  shorter  and  the  latter  taller  than  each 
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really  is.  By  reason  of  somewhat  similar  psychical  processes 
two  perfectly  parallel  lines  or  hniKK  each  of  which  is  crossed 
bj  slanting  parallel  short  lines   (Fig.  164).  will   apiwar   not 
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parallel,  but  divcrgiug  or  converging  ucconliug  to  the  direction 
of  the  crcHi^t-Iines ;  the  direction  of  the  oix)i>s-liiiu(  affects  oar 
perceptina  of  the  dist»iice  Wtwccii  the  pnrallvl  Iine«. 

§  600.  •fwhjmr.nl  of  DinUtntr  awl  Actual  Sit/r.  'Hie  size  of 
thu  relinnl  iina^u  gives  us  hy  itself  a  meastii-e  not  of  llii>  real 
Kize  bill  only  of  the  ajipai'eiit  size  of  the  object.  The  size  of 
the  i-etinal  image  will  depend  on  the  distance  of  the  object  and 
on  the  dioptric  arrnngciuents  of  the  eye;  with  the  same  dioptric 
armngemctits  it  will  dcjH'nd  on  the  angle  subtended  by  the 
diameter  of  the  objei-t-,  iitid  this  maj'  be  the  same  for  a  Mntatl 
object  near  iv*  for  a  large  object  far  oPf,  In  oitler  to  form  it 
jlidgnieiit  as  to  the  actual  »ize  of  an  object,  we  must  adjiLsi  our 
perception  of  the  apparent  size  bv  means  of  a  judgment  of  the  ^ 
distance  at  which  the  object  is  placed  i  and  here  the  great  mte  ■ 
of  two  eyes  comes  in.  ^ 

Even  with  one  eye  we  can.  to  a  certain  extent,  form  a  judg- 
ment not  only  as  to  tho  position  of  the  object  in  a  plane  at 
right  angles  to  our  visual  axis,  but  also  as  to  its  distance  from 
us  along  the  visual  axis.     If  llie  object  is  near  lo  us,  we  have 
to  accommodate  for  near  vision;  if  far  from  us,  to  relax  our  ^ 
accommodation  mecliaiii^im  so  that  the  eye  becomes  adjusted  ■ 
for  distance.     The  muscular  sense  of  this*  effort  enables  us  to  " 
form  a  judgment  whether  the  object  is  ffir  or  near.     Seeing  the 
narrow  lango  of  onr  accommodntiou,  and  the  slight  muscular 
effort  which  it  entails,  nil   monocular  judgments  of   distance 
must  l>e  subject  to  much  ermr.     Kvery  one  who  luis  tried  to 
thread  a  needle  or  lo  pour  out  a  glass  of  u-ine  without  asliig 
both  eyes,  knoivs  annh  errors. 

When,  on  the  other  hand,  we  use  two  eves,  we  have  still 
the  vaiiations  in  accommoilation.  and  in  addition  have  all  llie 
assistance  which  arises  from  ibc  muscular  effort  of  so  dii-ecting 
the  two  eyes  on  the  object  that  single  vision  shall  result. 
When  the  object  is  near,  we  converge  our  visual  nxes:  when 
distant,  we  bring  them  Iwek  t^iwai-ils  paraHelism.  This  neces- 
sary contraction  of  the  ocular  mnscles  itfTord?  a  muscular  seiwe, 
by  the  help  of  which  wc  form  a  judgment  as  to  the  disLince  of 
the  object-  We  can  judge  of  the  distance  of  a  vertical  line 
more  easily  than  of  n  horizonta]  line,  because  we  can  converge 
our  vision  more  eiisily  upiin  (he  former;  this  is  seen  in  attempt- 
ing a  'high  jump'  nver  a  hori/onlal  cord,  the  judgment  of  the 
distance  of  the  cord  is  fiicilitaled  by  hanging  a  vertical  cord  or 
tape  to  it.  Converaely.  when  by  any  means  the  convergence 
which  is  necessarj-  to  bring  the  object  into  single  vision  is 
lessened,  the  object  seems  to  become  more  distant:  when  the 
convergence  is  increased,  the  object  seems  to  move  towards  us; 
this  may  l>e  seen  in  the  stereoscope. 

The  judgment  of  sixe  i.*,  as  wc  said  above,  closely  connected 
with  that  of  distance.     The  real  size  of  the  object  can  be  lofcrrod 
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from  tha  npparent  size,  that  is  to  say  from  the  size  of  tbe  retinal 
imii^e,  uiily  wlii-ii  tlic  (li«Uiicu  uf  tliu  t>b}tt't  from  the  eye  is 
known.  Thvi.*  when  an  object  gWast  rise  lt»  a  retinal  iinagu  of  a 
oertnin  8izt>,  (hat  tn  to  Ray  hn.t  a  certain  ajijmrent  sizv,  wc  caiA- 
mate  tlie  iliiitnnce  fi-oni  wn  of  the  object  giving  rise  to  the  image, 
and  U{x)n  that  come  to  a  concluiiion  as  to  its  real  &ize.  Con- 
versely, when  we  8ee  an  object,  of  whose  real  aize  we  are 
otherwise  aware,  or  are  led  to  think  we  are  aware,  ourjudgment 
of  its  (lisUnce  is  inHueiiL-ed  by  its  a[)[Kin;nt  size.  Tiius  when 
part  of  our  lii-Id  of  vision  is  occupieu  by  the  imagu  of  a  man. 
Knowing  olherwiite  the  onlinary  h\u-  of  a  nunn.  we  infer,  if  iho 
image  be  very  .small,  that  the  man  i.t  far  off.  'Die  reaxon  of  the 
image  being  Hniall  may  be  l>e(:au8e  the  man  in  far  off,  in  which 
caae  our  judgment  is  correct;  it  mar  bo,  however,  because  the 
image  hiLH  been  le8§ened  hy  artificial  dio|itric  means,  as  when 
the  man  is  looked  at  through  au  iuvcrted  telescope,  in  which 
vase  our  judgment  becomes  an  illusion.  So  also  a  picture  on  a 
mngie  lantern  screen  when  gnuhialty  eidargetl  seems  to  come 
forward,  when  gradually  diminished  seems  to  recede.  In  these 
ca«e«  tlie  influence  which  the  abMencv  of  any  muscular  8enite  of 
binocular  adjtistment  or  monocular  accommodation  ought  to 
bring  to  bear  on  our  judgment,  in  thwarted  by  the  more  dii«ct 
influence  of  the  associniion  Ix'tweeu  size  and  distance.  An 
instructive  illusion  of  a  similar  kind  is  produced  by  developing 
iu  the  eye  a  strong  negative  image  (§  584)  and  projecting  th« 
image  on  to  a  screen  which  is  made  to  move  wu-kwards  and 
fonvards,  or  is  alternately  inclined  at  various  angles;  the  neg»< 
live  image  appean  to  change  in  8ito  and  sha|>e,  although  it  is 
atiAoliitely  subjective  in  nature  and  wholly  independent  of  the 
movements  of  the  screen. 

The  eoni|ilex  reai:lion  on  each  other  of  judgments  as  to  dis- 
tance and  wize  is  ilhwlrated  bv  the  exi)eriencc  lluit  an  object  such 
as  a  penion  looks  uiuialumlfv  large  when  seen  in  a  fog;  being 
seen  indistinctly,  he  is  judge*)  to  he  farther  off  tlian  he  really  is. 
and  so  apixiara  larger  than  he  uatundly  would  do  at  the  distance 
at  which  he  is  sumwM-d  to  W;  and  we  are  siuiilariy  influenced 
by  the  greater  or  lesa  hrightiie-is  or  saturation  of  eolours.  Con- 
ventely,  distant  mountains  when  twen  ilisiinctly  in  a  clear  atmoo- 
pbere  appear  small,  hccau.se  on  account  of  (heir  distinctness  they 
are  judged  to  be  nearer  than  they  really  are.  The  indistinct- 
ness of  the  image  of  the  moon  or  sun  when  seen  on  the  hoiizon, 
similarly  contributes  to  its  appearing  larger  than  when  seen  in 
the  zenith ;  our  judgment  however  is  probably  in  tliii*  case  al»o 
due  to  our  being  better  able  to  com]}are  the  moon  or  sun  with 
leneatrial  obj<^t«.  NV'e  ttcem  inonMiver  in  thiit  matter  to  be 
especially  influenced  l>y  our  conception  (which  Ls  itself  an  illus- 
tration of  the  subject  we  have  in  hand)  that  the  vault  of  the 
heavens  is  flatter  than  it  really  ia ;  the  zenith  appears  to  be  leas 
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distant  tlmn  the  lioiizon :  a  geometric  construction  will  shew 
timt  a  Ixidy  of  tho  nanw  size-  jil^iued  at  clifToroiit  [lartii  of  the  real 
(sphfriL-al)  viiiilt  will  iipptar  f;>c"t^'>'  iieur  tlio  hoiimii  thitii  near 
tlu-  /.ctiitli  of  llie  lltLiUri-,  iiiijiiiiciil  vHiiU.  All  iitniirtiii};  illiistm- 
tiiiti  of  viiiiiiil  jiKlgiiiviite  tmiy  iie  ohUiiued  by  asking  a  niiinlH-r  of 
peiiton.s  ill  »turceit»ioii  what  llie_v  regard  as  the  size  of  the  moon 
iti  mid  heaveiia.  Even  making  allowance  for  dioptric  differ- 
ences in  individual  eves  tlie  size  of  the  retinal  iina^  of  the 
moon  must  )>e  about  tW  SMmo  in  all  cyvs.  And  yet  whilu  some 
pcKons  will  be  found  ready  to  conipiirc  ihu  moon  iu  luid  heavens 
with  a  ihrL'o-pcnny  piece,  oIIrts  will  Yiiivii  il  tu  »  cart-wheel; 
AOd  othurs  will  m^ike  inleiniediali;  coiiiparii<niis. 

§  601.  Juiijmrnt  of  SnUiUti/.  When  we  look  lit  a  small 
circle  all  partii  of  the  ciircle  are  at  the  same  ditttance  from  U!t.aU 
parts  are  etiually  di-^tiitct  at  tlie  same  time,  whether  we  took  at  it 
with  one  eye  or  with  two  eyes.  When,  ou  the  other  hand,  we 
look  at  a  sphere,  the  viirioiis  parts  of  which  ai-e  at  diffeivni  dis- 
tances from  US.  n  sense  of  Ihu  accommodation,  but  much  more  S 
sense  of  the  binocular  adjustmcut,  of  the  Krealvr  or  less  conver- 
gence of  the  two  eye!*i  ixn^uired  to  m^ke  the  vaiious  parts  suc- 
cessively di)<tinct,  makes  n*  awai-e  that  the  variou.s  |»art»  of  tliu 
sphere  are  unetiually  distitnt ;  and  from  that  ne  form  a  judf^iteiit 
of  its  flolidity.  As  \vith  dLitince  of  olnects.  »o  with  Holidltyt 
which  is  at  bottom  a  matter  of  distance  of  the  jiarts  of  an  ohjeot, 
we  can  form  a  judgment  with  one  eye  aloue;  but  our  ideas 
become  much  more  exact  and  trustworthy  when  two  eyes  are 
used.  We  arc  further  much  assisted  by  the  effects  produced  by 
the  reHeetioii  of  light  fixuu  the  various  surf^ic-cs  of  a  solid  object, 
and  th«  ahadows  east  by  its  raised  parts ;  so  much  so,  tliat  niisvd 
surfaces  may  Iw  made  to  appear  depreti^ed,  or  viiv  crrita,  and  Hal 
surfaces  either  raised  or  depressed,  by  appropriate  arrangenienis 
of  shadings  and  shadow. 

Binocular  vision,  moreover,  affords  us  a  means  of  judging  of 
the  solidity  of  objects,  inasmuch  as  the  image  of  any  solid  ob- 
ject which  falls  ou  to  the  right  oyo  ciinuot  be  exactly  like  that 
which  falls  on  the  left,  though  both  are  combined  in  the  single 
perception  of  the  two  eyes.  Thus,  when  wo  look  at  a  truncated 
pyiamid  placed  in  the  middle  line  before  us,  the  image  which 
falls  on  the  right  eye  is  of  the  kind  representwl  in  Fig.  K'm  R, 
while  that  whn?h  falls  on  the  left  eye  has  the  fomi  of  Kig.  165 
L ;  yet  the  perception  gained  from  the  two  images  together  cor- 
responds to  the  form  of  which  Fig.  165  B  is  the  projection. 
Whenever  we  thus  combine  iu  one  perception  two  dissimilar 
images,  one  of  the  one,  ami  the  other  of  the  other  eye.  we  judge 
that  the  object  giving  rise  to  the  imnges  is  solid. 

This  is  the  simple  principle  of  ihc  stereoscope,  in  which  two 
slightly  dissimilar  pictures,  such  as  wonhl  con-esiKind  to  the 
vijiiou  of  ouch  eye  separately,  are,  by  means  of  reoecting  mir- 
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rore,  as  Iti  Wbeatstone's  original  instrument,  or  by  pmms,  as  in 
the  fonn  introduced  hy  Brgwiftor,  nude  t«  CJist  images  on  con«- 
H [Mil (.ling  [arts  of  thv  twu  rulinus  so  (is  to  produce  ii  single  por- 
cvpliuii.  Tliotigli  Kiich  jiicuiru  in  u  nurfiice  of  Iwo  diiiicimiuiis 
only,  llie  resulting  [lercepiion  Is  the  &ame  (w  if  a  singlu  olijuct, 
or  ^roiip  of  objecu.  of  three  ilinieiiHioiis  had  been  1ook«;<1  at. 

It  might  !»  supposed  thiit  the  judgnit-iit  of  solidilv  which 
Arises  when  two  dissimilar  images  aiv  thus  combinedf  in  one 
perception,  was  due  to  tbv  fact  that  all  purtx  of  tbc  two  images 
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cntinot  fall  On  corresponding  pftrbs  of  tbe  two  rctinns  at  tbe  sama 
time,  and  that  thctxifoi-c  tbo  combination  of  tbc  two  needs  some 
movcmt-nt  of  tbe  eyes.  Tliiis,  if  wc  su[>enmpoKu  U  on  I.  (Fig. 
ICd),  it  ill  evident  that  when  tbe  boj^ea  coincide  the  truncated 
^ioes  will  not,  and  vief.  vtna;  hence,  when  the  bases  fall  oQ 
cornMiponding  jtarts,  the  api<:es  will  not  be  combined  into  one 
imago,  and  vice  versa ;  in  order  thai  both  may  be  combined, 
there  must  be  a  slight  rapid  movement  of  the  eyes  from  tbe  one 
to  tbo  other.  Tbiit,  however,  no  such  movement  is  neeessaiy 
for  each  particular  ease  is  shewn  by  the  fact  that  solid  objects 
a|>pcar  AS  HUcb  when  illnminnted  by  an  electric  spark,  tbe  durap 
tion  of  which  i^  too  short  to  [ximiit  of  any  movements  of  tbe 
cye».  If  tbe  flash  occurred  at  the  moment  that  the  eye*  were 
binocularlj  adjusted  for  the  bases  of  the  pyramids,  the  two  sum- 
mits not  falling  on  exactly  corresponding  parts  would  give  rine 
to  the  perceptions  of  two  summits,  and  tbe  whole  object  ought 
to  appear  confused.  Tlmt  it  does  not.  but,  on  the  contrary, 
appears  a  single  solid,  must  be  the  result  of  psycbicAl  opera- 
tions, resulting  in  what  we  have  cnlled  a  judgment. 

As  we  Imve  seen,  in  any  one  position  of  the  two  eye«,  only  a 
imall  portion  of  the  llebl  of  sight  lie.-*  in  the  horopter  and  falU 
on  correi>[>onding  {mints  of  tbe  two  retinas.  Most  of  the  objects 
in  a  scone  on  whieb  we  look  give  rise  to  dissimilar  images  in 
the  two  eyes;  and  we  attribute  solidity  to  them  by  reason  on 
the  one  hand  of  the  movements  of  the  eyes,  and  on  tlic  other 
band  of  the  psychical  processes  just  mentioned.  Conversely  Lb« 
same  proceNScs  which  thus  give  ri^e  to  apparent  solidity  asxist 
OS  in  forminji  jndgmenls  of  dUtance, 

§  602.  If  the  image.'*  of  two  surfaces,  one  blaclt  and  tlie 
other  white,  are  made  to  fall  ou  correBponding  porta  of  the  eyo. 
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HO  Its  U)  bu  unitoil  into  a  single  perception,  the  result  u  n 
ulwtiy^  n  mixture  of  the  two  inijiressiona,  that  is  n  grey^  but,  in 
many  oase».  a  aeiiHation  siniilav  to  thnt  produced  wbeu  a  polished 
Biirfao*-.  aui;h  as  plmiibivgo,  is  looked  at:  the  surface  appcuni 
bnlliant,  ia  said  to  luivo  a  "lustru."  The  ruasoii  probaMy  18  J 
Ixicause  wIhmi  wo  look  at  a  poliskud  isurfacu  the  amount  of  fl 
reflected  light  which  falls  upon  the  retina  is  geuerally  different 
ill  the  two  ityes;  and  h«noe  we  associate  nnuue^ual  slioiulatioa 
of  the  two  retina^i  with  the  idea  of  a  polished  lustrous  surbce. 
We  niav  in  thia  connection  refer  to  what  is  knonni  as  -*  the 
struggle  of  the  two  fields  of  A-ision,"  though  the  niatt«r  is  one  ot 
seusations  and  not  of  judgtnenta  or  intncal«  jMtychical  proccssi-s. 
When  the  impressions  ut  two  colours  aru  uniU.-d  in  binocular 
vision,  th«  result  is  in  most  cascs  uot  a  mixture  of  ilie  two 
colours,  as  when  the  same  two  impressions  are  brought  to  bear 
togetlier  at  the  same  time  on  a  single  retina,  but  a  straggle 
between  the  two  coloura,  now  one,  and  now  the  other,  becoming 
prominent,  intermediate  tints  however  being  frequently  passed 
through.  This  may  arise  from  the  difliculty  of  accommouating 
at  thu  samo  time  for  the  two  diiTurent  colours  (§  ^S};  buta 
vyus  will  bu  iiouommodatvd  at  thu  same  lime  and  to  thu  saioe 
degree,  but  if  two  eyes,  one  of  which  is  looking  at  red,  and  the 
other  at  blue,  I>e  at  one  moment  both  accommodated  for  red  mySi 
the  red  sensation  will  overpower  the  blue,  while  if  at  another 
moment  they  are  both  accommodated  for  blue,  the  blue  will 
pre\-ail.  It  may  be  however  that  the  tendency  to  rhythmic 
action,  so  manifest  in  activity  of  other  simpler  forms  of  iiviug 
■nailer  makos  its  appoamtice  lUso  iu  the  eurcbral  changes  involvva 
in  binocular  vision. 


SEC.  11.    THE  NUTBITION  OF  THE  EVE. 


§  603.  The  main  b]ocKl-ve««M»ls  of  tliv  eye  nre,  the  nri«riA 
centialis  supplying  the  retitia.  niid  Ihv  (jjotterior)  oiliitry  arl«nu8 
su]>[>lyiiig  th(!  chornid,  oiliitrr  proceftH'-t  and  irih,  tlie  vesaela 
ffoiug  to  tlie  choroid  being  called  the  short  ciliary  arteries,  and 
uiose  reaching  forward  to  the  ciliary  proceasei)  »a»  ins.  the  long 
ciliary  arterivM.  Fruni  the  artvrin  cvntralis  retintp  the  blood  in 
ti-'turiied  by  tlic  vena  centralis  wliilo  the  vena-  vorticuKic  of  tbe 
(posterior)  ciliary  veins  galiier  np  tlie  blood  of  both  lh«  long 
KikI  the  short  (^loaterior)  ciliary  arteries.  'I'he^e  two  systems 
communicate  to  aome  extent  with  each  other  by  anikttoim^scs 
at  the  entrance  of  the  optic  nerve,  but  on  the  whole  are  inde- 
pendent. 

In  addition  to  the  above,  the  aiit«rior  ciliary  arteries  pass  to 
the  eyeball  with  vneli  of  Um  four  straight  ocular  luuscles.  sui>- 
plying  ihv  front  fiart  of  the  selerotit;  as  well  as  tlie  t-dge  of  the 
corm-Ji,  ami  trending  through  the  sclemlic  'purfitraling  '  »rleries 
to  end  ill  the  iris  ciliary  jiroceasei*.  and  front  part  of  the  cho> 
roid,  and  so  join  the  system  of  the  jjosterior  ciliary  arterien. 
Corresponding  to  these  anterior  citinry  arteries  are  veins  which 
make  their  way  back  to  the  ocular  muscles,  and  the  loote 
of  «-hiuh  are  cspoeiully  connected  with  the  circular  canal  of 
Sohknint.  Further,  the  edge  of  the  cornea  in  in  addition 
supplii^-d  by  conjiiiictival  bloou-vesxels. 

'I'lie  blood-stupjily  of  the  various  parbt  of  the  eye  h  therefore 
somewttat  as  follows.  The  inner  layera  of  the  reliiia  are  8n[>- 
plied  in  a  direct  manner  by  the  arteria  centralis  retime,  but  the 
outer  layers  together  with  the  pigment  epithelium  in  an  indirect 
manner  by  the  close  set  choroidal  network  *'  choriocapillaris  " 
of  the  posterior  ciliary  arteries.  'Hie  choixiid  pn>pvr,  that  |>art 
which  serves  nj4  an  investment  to  the  retina  and  HjieeialiKed 
jHgnient  epithelium,  is  supplied  by  the  short  ([lot^terior")  ciliarv 
arteries ;  but  the  front  ciliary  part  of  the  choroid,  together  with 
the  ciliary  procesnes  and  iritt.  receives  blood  from  the  long  (pos- 
terior) ciliaiy  arterie*.  and  also  from  the  anterior  ciliary  arlerie*. 
The  cornea  is  supplied  by  the  conjunctival  a»  well  as  by  the 

MW 


M 


970 


BLOOI>-VESSELS   OF  THE   EYE.         [Bookui. 


,  the  blood- vesst'ls  i 


have  Hiiil  vxlcntl> 


anterior  ciliary  artcr 
ing  ti  short  disUiice  only  witliin  llie  circle  of  tbi-  coraval  cir* 
cum  ft' ro  not;,  whilu  ttic  scanty  snpiily  of  tin?  wleroUe  i»  riinii^hi;>l 
in  lliu  fi'iint  p.irt  iif  tliii  (tyelKill  by  llic  aiileriur  aiul  in  i\k  liiiid 
[lart  liy  tilt!  [jiirttfii'ior  ciliary  arteries. 

The  mitiitive  supply  oi  the  leiis.  with  its  capsule,  and  of  tlie 
vitreous  humour  is  aii  indirect  one,  by  menus  of  lymph;  the 
atiturior  surface  of  the  fm-uK-r  is  bnthcd  by  tlie  aqueous  bunioun 
the  lymph  slrciiins  in  the  vitrcuus  humour,  of  which  ve  sludJ 
»pi-;ik"  imiricdiiU<-ly.  fiinii«li  that  suUstJincc  witii  thu  scanty  nour- 
ifthiiieiit  it  iice(l.%  and  sweep  by  tlie  posterior  xurface  of  the 
leiiH. 

§  604.  In  spealving  of  the  movements  of  the  pupil  we  re- 
ferit'd  to  vaso-motor  changes  in  the  eye.  So  far  as  our  present 
information  goes,  wo  Imvc  evidence  chiefly  of  vaso-vuiistttctot 
fihivs  which  passing  from  ihc  sympiilhctic  to  the  ciliary  ganglion 
(§  58ti)  ixiach  the  pft.st,erior  ciHary  art«ric»  hy  ihc  short  ciliiuy 
nerves;  but  there  ari>  fiicti*  which  meem  ta  tth^w  that  the  fiftli 
nerve  supplies  vaso-dilator  fibres  through  the  ophlbslmic  hmiioh. 

The  separate  distribution  of  the  shoit  ciliary  ai'terien  to  tht 
hinder  jiart  of  the  chomid  investment  which  ia  busy  with  the 
nourishment  of  the  retina  and  which  takes  Uttlc  or  no  share 
in  the  movements  of  uccommodution,  and  of  the  long  ciliaiy 
arteric-s  to  the  front  part  of  the  invcatnient  which,  as  iris,  ciliarv 
prooe.^sert  and  mnsole,  and  fnint  part  of  the  choii>iil  it.*elf,  is 
concerned  in  the  movements  of  the  ]iupii  and  of  accntnnnHlation, 
suggests  that  a  con-esponding  separate  <litttribution  of  vaso-inotur 
nerves  also  exists ;  but  we  have  no  exact  ex{>erimental  evidence 
of  this. 

We  saw  in  speaking  of  the  brain  (§  522)  that  clear  evidence 
of  the  oci*bnil  vf-ssels  heiug  subject  to  vaso-molor  iufluenoes 
was  wanting;  and  in  this  re.-<piu!t  mice  more  tliv  retina  behaves 
like  a  part  of  the  brain.  Though  by  help  of  the  ophthalmoscope 
changes  of  calibre  in  the  retinal  vessels  can  easily  l>e  observed, 
we  have  as  yet  no  decisive  proof  that  such  changes  can  be 
brought  about  hy  vaso-niotor  nerves  acting  dimctJy  on  the  arteria 
Centralis  retime.  The  diangcs  which  are  observed  seem  ta  be 
detenniDod  not  by  the  gixiatcr  or  less  contraction  of  the  mus- 
cular coat  of  the  retinal  vessels  themselves,  but  by  the  pressure 
to  which  the  blood  in  the  vessels  is  subjected,  and  Ihat  may  bo 
varied  by  many  extraneotis  causes. 

Tht  Lymphatics  of  the  Ejf«. 

§  60$.     Though  the  lymph  in  the  large  serous  cavities  may 
considered  to  play  a  mechanical  part  inasmuch  ils  it  facilitates 
the  moveraenl«  of  the  viscera,  and  though  in  such  a  tissue  as  the 
skin,  the  lymph  in  the  cavities  and  vessels  of  the  dermis  may 
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similarly  perform  A  niecllftnSoAl  laak  iD  assUtinfr  to  ^v«  At  onoe 
linnnvMt  find  Hii[>nlt;ii«i»  to  the  skin,  yet  over  tlio  ]M>dy  at  l:)!*^ 
tW  fiinctioii  of  tlie  lymph  is  preeminently  a  nutritive  one.  Riid 
iUt  niecliaiiical  duties  arc  insijinilii-iint.  As  regiirtis  the  eve  tlie 
case  is  different.  The  eyeball  i^  broadly  s{wiiking  a  shelf  tilled 
with  duid,  the  nqavous  nnd  vitreous  liunioum :  and  for  the  vari* 
out)  functions  of  th«  eyv  it  in  neev7ft«ary  that  tht«  ^liell  should  )jo 
filled  t«  a  ciTtiiin  «xt«nt,  ehoiitd  !«  tense  to  a  eertain  defj't"*. 
not  moritaiKl  not  le^it;  and  [his  fnltn^ss.  this  tension,  "tntiaoi'niar 
tvn.-<ioo,"  which  Is  considerahU-.  pivdsihly  much  hij;lter  than  the 
onlinaiy  pivssure  in  the  lymph-apaces  of  the  body  at  large,  is 
provided  by  the  lymphatic  arniiigemcnta-.  If  the  retina  were 
not  adequately  mipitortutl  by  tliu  vitrwous  humour,  if  it  could 
Sap  about  or  in  any  way  nttor  it«  curvature,  the  dioptric  arrange- 
ments of  the  eyo  would  be  U{^Met;  if  the  vitreous  humour  at  one 
timt;  »limnk,  at  another  expanded,  the  raovemwits  of  aocmnmo- 
diilion  could  not  Iw  eaniod  on  ;  if  the  aqueous  humour  w'ej*  now 
abundant,  no\v  seiirily.  the  movements  of  the  pupil  would  become 
irregular  and  uncertain;  and  if  the  whole  glohe  were  no  flnbbv 
as  to  give  way  under  the  pull  of  each  ocular  muscle,  the  deli- 
cate movementx  of  the  eyclMill  on  which  we  Intelv  dwelt  would 
become  impossible.  Hence  the  lym|ihatie^  of  the  eye  have  a 
double  imiHirtiiiicc,  inasmuch  they  not  only,  as  elsewheix',  H««i8t 
in  maintaining  the  due  nulrition  of  the  .leveral  liKtues,  hut  aUo 
in  a  nit^'chanical  nay  help  to  make  the  eye  an  adequate  dioptric 
insti'ument.  In  accoi'dance  with  this  double  duty  we  find  a 
flpecial  lym])h  apparatus  added  to  tbe  mora  general  lymphatic 
arrangements  nueh  aa  exist  ehiewhere. 

As  belonging  to  the  more  gencnd  Arrangements  we  may 
note  the  following.  'Hie  lymph-^]iaoe«  of  the  comea  pass  At 
tlic  miirgin  nf  the  cornea  int"  ihc  iyniidialie  ve)««?h«  of  the  con* 
junetivu.  The  scanty  lymph-wpaees  of  the  sclerotic  pa.«<jt  at  th© 
extreme  front  into  the  conjunctival  lymphatics,  but  elsewhere 
are  continuous  either  on  tlte  inner  surface  with  tbe  pericho- 
roidal lymiih-spaces,  or  on  the  outer  surface  and  that  more 
freely,  with  the  largo  l)^npb.■lti^■  TVnin/oit  earity.  Tenon's 
capsule  is  a  loose  thin  invostto'-nt  of  eoimeetive  tissue  l^Hng 
between  the  selorotic  and  the  iwuliir  muscles  nnd  forming 
sheaths  round  the  tendons  of  the  latter.  Hetween  tlie  Iockht 
capsule  and  the  denser  sclerotic  ia  »  large  irregular  lymphatic 
cavity  bearing  the  above  name.  The  perivascular  and  other 
lyropn-spaces  of  the  choroiil  join  the  perichoroidal  8|K»ces.  which 
in  turn  communicate  with  the  Tenonian  cavity  by  lympb-«paces 
or  lymphatics  nccompnnying  the  ciliary*  veins  and  to  some 
extent  the  ciliary  arteries  as  these  pierce  the  sclerotic.  'ITie 
Tenonian  cavity  itjtdf  joins  a  large  lymphatic  eavity  surj-ound- 
ing  the  optic  nerve,  *t}ie  supravaginal'  cavity,  whence  the 
lym[^  is  carried  away  by  tlie  ordinary'  lymphatics  of  tbe  orbit. 
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The  perivascular  and  other  lymph-spaces  of  the  retim  * 
ill  con iif;c lion  with  the  Huipli-spaces  of  the  optic  nerve,  wbie. 
in  turn  join  the  snitiiriichiiuid  spiivc  of  thiit  niTve,  und  this  i 
continuous  with  tlio  corru«poiiiliiii;  sptioo  in  thv  bruin.  The 
appear  to  ho  uiso  path.f  niiiliiig  chesu  lymphatics  of  tlic  rv-ti 
and  optii;  nerves  with  the  perichoroidal  ii]i!U.-«rt  and  T«iio: 
cavity,  :ind  no  with  tlie  external  lyniphntic  Hvatein. 

S  606.  In  the  special  lymph  apparatus  the  ciliary  proci. 
the  nis,  the  aqueous  humour  uud  tJie  vitreous  humour  are 
cell  led. 

The  aiiueom  humour.  We  have  more  thaii  once  xpokcn  of 
the  luilerior  ehainWr  as  a  lymphatic  cavity;  nevurthelejss  lh« 
nqueouR  liumnur  contained  in  it  diffeni  greatly  front  ordinary 
lymph.  Not  only  does  it  contiiin  much  more  water,  the  total 
solids  Ireing  not  much  more  than  1  p.c.  (1-3  p.c.)  hat  aUo  the 
I'clntive  projiortioti  of  tlic  soUdii  bctwocu  themselves  is  different 
from  that  of  lynipii,  and  special  siibstauet-s  arxi  prcsvnt  in  i 
The  ]imleitU  are  particiilivrly  scanty,  not  more  tluin  aU>ut 
p.c. ;  these  are  serum-alhuniin.  glohnlin,  anil  apjiarunily  librin 
gen.  Inorganic  saltii  are  present  in  ahout  the  same  proportion 
as  in  blood  and  lympht  \iz.  -S  p.c. ;  and  these.  chieOy  sodium 
chloride,  with  an  ununuul  proportion  (-4  p.c.)  of  so-called 
extraclivos,  furnisli  nearly  alt  the  solid  matter.  Among  then 
extractives  is  a  stilMtaiuie  which  reduces  cuprie  iKdutions  hut 
which  is  not  a  sugar,  though  it8  exact  nature  is  a.s  yet  uu- 
known ;  urea  and  sarcolactic  acid  (in  some  comhinatinn)  are 
ahio  said  to  be.  at  least  often,  present.  The  reacdou  a  ueu 
or  fahitly  alkaline. 

Like  tlio  'serous  fluid'  in  the  large  serous  cavities  and 
ccrcbro-spiiinl  iluld  in  the  cavities  of  the  central  nervous  system, 
the  aqueous  humour  conicn  and  goes ;  the  particular  lluid 
which  at  any  given  moment  is  present  in  the  eye  lias  not 
alw.iys  been  there ;  some  of  the  fluid  is  coniinually  [>iis.-ting 
away  and  fresh  fluid  continually  arriving.  If  fluid'  he  with- 
drawn from  the  anterior  chamber  by  puncture  of  tlie  cornea, 
the  chamber  is  soon  rutilled ;  indeed,  under  certain  circum- 
stances, n  considerahle  quantity  of  tlnid  may  be  ulrainud  awa, 
from  the  chamher,  fresh  fliud  taking  the  place  of  that  wh 
escapes.  And,  though  under  normal  conditions  the  quun 
of  aqueous  humour  is  fairly  constant,  the  fluid  may  be  in  e\o 
or  may  be  duticient.  and  the  one  phase  may  pass  into  the  other. 
The  question  therefore  arutcs.  Whence  comes  the  fluid  aud 
whither  doi-s  it  jjo? 

The  ehai-actei'S  of  aqueous  humour  just  given  shew  that  in 
many  re^jMscta  it  resembles  cerebrospinal  fluid  tliongh  difTering 
in  seveml  features.  That  fluid,  we  have  seen  reu-son  to 
believe,  is  in  part  at  all  events  fniiiished  hy  the  choroid 
tises,  by  a  piocuu  which  presents  some  analogies  with  tl 
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of  Hecrction.  Anil  the  resemblance  between  the  cilinrr  processes 
nnd  thu  choroid  jilexiiRea.  for  both  are  vascular  fohiit  of  jiin 
iimler  trover^d  with  epilht'liiirn  dt-rived  from  the  lining  of  ih© 
primitive  medulliii-y  caiiul,  suypusU  that  the  former  furnish  the 
aqueoim  humour  iti  some  nwh  way  an  the  luttur  funiish  the  cere- 
bro-Bpinnl  fluid.  Therv  i*  n.  certnin  amount  of  vxpeitmontal 
evidoiiL-a  in  ftivour  of  thia  view,  for  when  such  a  MitutJiiive  ks 
fluoivMcin,  which  can  lie  detected  by  the  greeniHh  tinge  which  it 
gives  to  the  lluidn  and  tissueH.  is  injected  into  thi;  ImkIv,  into 
the  subcutaneous  connective  tisHue  or  peritoneal  cavity  for 
instance,  not  only  does  it  speedily  appear  in  the  aqueous 
humour,  but  the  cWinry  pru(;e^«»L-s  are  sniil  to  be  the  |>artit  of  the 
eye  in  which  it«  pre«;ncc  may  be  first  detvctvd.  H  may  be 
urged  that,  unlike  the  epithelium  covering  the  choroid  plexuses, 
tho  piirs  ciliaris  retinw  I>ears  no  diatinctive  histological  indica- 
tions of  secretory  aotivity :  but,  as  n-e  shaU  presently  have  occft- 
»ion  to  point  out,  s  wholly  analogous  layer  of  epitlielium,  that 
lining  the  cavities  of  the  internal  ear,  though  possessing  no 
marked  secretory  fcatua«,  certainly  fumishcK,  by  an  act  very 
similar  to  secretion,  a  more  or  le**  lymph-like  Haiti,  the  so-called 
ondo-lymph.  The  phrase  'secretion'  however  must  not  be 
Htraiued.  'llie  somewhat  specialired  loose  strnuia  of  both  the 
ciliary  processes  and  iris  undoubte<lly  contains  in  its  meshes  a 
large  quantity  of  what  we  may  suppose  to  be  ordinary  lymph; 
and  what  is  intended  by  the  above  view  is  that  while  some  of 
this  lymph  may  pass  by  the  ]H-!ric)i<>roidaI  s[>nees  and  so  away  aa 
onlinary  Ivmpli,  a  inneh  larger  proportion  passes  on  to  the  free 
surfaces  abutting  on  the  jKtsterior  and  ant«rior  chambers,  and  in 
so  passing  Itecomcs  modilied  in  nature. 

Tile  ilnid  thus  furnished  by  the  ciliary  processes  makes  its 
way.  ill  the  lirat  place,  into  the  posterior  chamlier;  but  lliongh 
the  iris,  as  we  have  seen  (J  5&5)  lies  close  on  the  lens,  iht-ie  is 
undoubtedly  a  communication  between  the  two  cliAmbers  sufK- 
cietitly  free  to  allow  fluid  to  ixiss  n-itdily  from  one  to  the  other 
and  so  to  fdl  the  anterior  citainlwir  from  the  [MWterior.  It  is 
difficult  to  sup|ios«  that  some  of  the  lymph  with  which  tho 
s|Mnge-like  slronia  of  the  iris  is  laden,  does  not  Hud  its  way 
direct  thn>ngh  the  anterior  snrfacn  of  the  ii-is  into  (be  anterior 
ohamiier:  and  such  a  transit  would  probably  be  assisted  by  the 
continual  changes  of  the  pupil.  On  the  other  hand  the  extent 
of  surface  furnisliod  by  tne  ciliary  processes,  which  moreover 
also  have  the  advantages  of  movement  in  each  act  of  accomn»o- 
dation,  is  very  large  com[K»rcd  with  tliat  of  the  iri«;  hence  we 
may  pnilxibly  with  contidence  conclude  that  Ihe  greater  [mrt 
of  the  miucous  humour  is  furnished  by  the  ciliary  pnxN-sses, 
though  the  irU  may  contribute.  We  may  add  that  probably 
the  iridic  contribution  differs  in  nature  from  the  reHt,  since  the 
epithelium  which  the  fluid  bns  to  traverse  is  a  thin  laj-er  of  flat 
epithelioid  plates. 
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The  Answer  to  tlie  qtieKtinn,  Huw  does  the  anii«ons  humour 
leave  the  unterior  chanilier?  preaetita  nerhnps  less  difficulties. 
The  anterior  chamber  at  the  "iridic  unjile'  communicates  freely 
witli  the  spaces  of  l-'oiitana,  and  iticsc  with  the  cnnal  of 
SchU'iiiui,  wIiJL-h  iu  turn  is  in  direct  connection  with  the  wdi- 
cli'S  "f  LIiu  iiiilcrior  (.ilitirv  vcina.  Siri<;v  thu  ciliary  luHsvIe  [HiILi 
0»  thu  tisHiti;  siirroiiinlinf^  tho  CAtia]  of  Scldemni  it  i.t  jin^ible, 
or  even  nroki.ble  thut  tlio  ninvenientit  of  accommodation  help 
alternately  to  close  and  open  the  canal,  and  thus  to  pump 
its  contents  into  the  veins  t  by  this  means  the  exit  of  Uuid 
from  thv  anterior  chambor  is  rendered  less  dependent  on  the 
relative  pix*ssur('H  of  the  blood  in  tho  vein  and  of  the  fluid  iu 
the  anleriur  cliainbcr.  By  this  cKiiimvI  the  aqueous  humour 
gains  a  ready,  relatively  direct,  nnd  short  access  In  tiie  Wood- 
stream.  And  clinical  c*x]ierience  shews  that  it  this  way  be 
blocked  an  accumulation  of  aqueous  humour  results. 

We  may  conclude  then  that  the  aqueous  humour  is  a  resei^ 
voir  int«rcaUtcd  in  a  streitni  of  a  peculiar  tluid  which  is  passing 
from  the  ciliary  processes  thrniigh  the  small  posterior  and  largvr 
anlvrior  chantbL-r,  the  spaces  of  Fonniua  and  the  canal  of 
Schlemm  into  the  venous  syi^lem.  This  reservoir  on  the  one 
hand  serves  a  mechanical  purpose  in  pri'^serving  the  natural 
form  of  the  eve  and  in  affording  an  adequate  fluid  Xxtd  for  the 
movements  of  the  iris,  aud  on  the  other  band,  by  bringing  new 
food  material  and  carrying  away  waste  pi-oducts,  enables  the 
lens  to  carry  out  the  slow  and  scanty  metabolism  nectneaiy  for 
its  lif<^ 

§  607.  For  mechanienl  purpoi^es  the  due  condition  of  the 
vitirous  humour  is  jierhaps  even  more  important  tlian  that 
of  the  aqueous  humour.  We  have  already  called  attention 
to  the  fact  that  the  vitreous  humour  in  spite  of  its  being 
orighially  a  plug  of  mesoblastic  tissue,  in  adult  life  closely 
resembles  the  a({Ucous  humour  in  its  chemical  fcatun-s.  and 
indeed  it  is  practically  an  iitlciiuated  mcsoblasti(.^  sponge  through 
which  is  eonlinuiilly  slivaming.  though  at  a  low  rale,  a  tluid 
identical  with  or  excee<Iing  like  to  the  aqueous  humour. 
Through  the  optic  disc  the  tluid  of  the  vitreous  humour  has 
access  to  the  lymph-spaces  of  the  optic  nerve;  material  injected 
into  the  pial  sheath  of  the  optic  nerve  finds  its  war  through  the 
optic  disc  into  the  vitreous  humour  passing  along  a  *ecntral 
canal,'  -Iiyuloid  canal,'  which  rcuiaiiis  after  the  disiipjH'a ranee  "f 
the  prolimgation  of  ihe  arleria  (^nlralis  rvtinte  (§  .^"i-'i).     And 

Erobahly  some  of  tho  fluid  of  the  vitreons  humour  linds  iU  way 
y  this  j>at1i  into  the  subarachnoid  space. 

Cut  ttiL-  greater  part  of  the  fluid  of  the  vitreous  humour 
seems  to  belong  to  tiie  same  system  as  the  aqueous  hunioor. 
Fluids  |ifi8s  readily  in  soinc  way  or  other  ttirongb  the  suspensory 
li(;:tinent;  fluid  injected  into  the  vitreous  humour  limU  its  way 
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into  the  iintcrioi-  cluitDbur,  mid  a  block  at  tbe  iiiilic  ancle  leads 
to  unduu  diMtHMsion,  not  of  tlic  anI«rior  ami  jioHtei-ior  chambere 
only,  but  of  th«  whole  globe  of  ibe  eye ;  the  pressures  of  the 
aqueotia  and  vitreous  hunimir  are  the  same  and  vary  aiuiilurly 
and  concurrently-  We  have  no  Hatisfactory  cvid«iice  that  any 
large  amount  of  Hiild  ])iWI^e)i  direct  from  the  (^'horui<l  Ihrougli  the 
retina,  )>iMt  the  internal  liinitiiig  and  hy"h>i<)  incnihianeH  into 
thu  vitrcouji  huinuur;  ;w  far  lut  we  kiiuw  the  whole  of  ihe  lymi'li 
of  the  retina  is  carricil  away  by  the  optic  iit-rve  in  the  manner 
ntentioiied  above;  and  wis  niu8C  therefore  cnnclude  that  the 
iv(jioii  of  the  zonule  of  Zinn  serves  as  the  door  both  for  t)io 
entrance  and  exit  of  fluid,  the  circulation  through  the  vitreous 
hnmour  l>etwcon  its  indistinct  concentric  himi-llii-  Ix-inp  itvcured 
by  diffusion  asi^isted  by  the  niovciiicutM  of  the  eyrltall. 

This  importaut  flow  of  what  wo  may  call  nunlitied  lymph  like 
that  of  the  nioro  ordinary  lyin|ili  in  othvr  i>art8  of  the  boily.  is 
determined  in  ttio  lii^t  instance  by  the  blood  flow,  and  we  may 
apply  to  the  eye  the  i"einark3  which  were  made  when  (|  244) 
w«  In-ated  generally  of  tlie  relations  of  lymph  to  blofid-«up]ily. 
Broadly  speaking  the  intraocular  pressure  ri^^cs  and  fall.'*  wi(h 
the  general  blood-pressure;  the  dim  conii-a  and  »niik  eye  that 
beloKcii  the  approaching  end  are  Auv  to  the  fall  of  hlond-pres- 
suro  which  acconijuinies  death.  A  local  fall,  preceded  by  a 
tmnsieul  riae,  may  \k  brought  almiit  by  stimulation  of  the  cervi- 
cal a^mipathetie,  and  a  local  rite  by  stimulation  of  the  o])httialmic 
branch  of  the  tiflh  nerve,  stimulation  of  the  third  nerve  having 
apparently  little  effect  in  either  direction.  We  may  adil  that, 
tempting  as  the  view  may  seem  that  the  lymph  arrangementa 
of  tils  eye  are  under  the  direct  control  of  the  nervous  system, 
we  h»\e  no  evidence  that  such  ii*  the  case. 

Concerning  llic  influence  of  the  nervous  system  on  the  gen- 
cml  nuti-ition  of  the  eye,  an<l  the  disorders  which  follow  upon 
Kcclion  or  injury  to  the  fifth  nerve  we  have  already,  in  an 
earlier  part  of  the  work  (§  439),  said  all  that  at  prcMUt  we 
liave  to  say. 


SEC,  12.    THE  PROTECTIVE  MECHANISMS  OP  THE  EYE. 


§  608.  The  eye  is  protected  by  the  two  eyelids,  each  of 
wht(.-li  is  slri;iij;theiied  sad  rcinlurvd  Gnn  W  ft  curved  jilntc  of 
dense  coiniuctivc  ttssutt  cnlled  llie  lan«ii8  (vr  incorrectly  the 
Iftreal  cartiliifje).  whioh  is  larger  in  the  upper  ihaii  in  the  lower 
eyelid.  Elevation  of  the  uiipoi'  eyelid  lutsiHted  by  .lonie  depres- 
sion of  the  lower  eyelid  is  spoken  of  as  "opening  the  eye"; 
depreftftion  of  the  upper  eyelid  assisted  hy  elevation  of  the  lower 
eyelid  is  spoken  of  iis  "shutting  the  eye."  The  latter  moTe- 
tnent  is  hrotight  about  by  (he  contniction  of  the  orfiimhirU  orw/i. 
a  muscle  uf  circuliirly  disposed  striated  fibres  phici-il  InMieiith  the 
skin  uf  eucii  eyelid  mid  alretehing  also  over  tiie  adjoining  Wny 
orbit.  The  nuL^cle  in  governed  hy  n  hmnch  of  tlie  seventh, 
facial  nerve,  and  may  be  thrown  into  action  aa  part  of  a  reflex 
act  or  of  n  voluntary  effort.  AV'lien  the  ^cial  nerve  becomes 
incapable,  through  iniuiy  or  disense.  of  carrying  motor  impulses, 
the  eye  cannot  he  shut  and  remains  widely  open.  There  are 
some  reiisons  however  for  thinking  that  the  motor  fibres  for 
the  orbicularis,  though  fontiing  niirl  of  the  facial  iiervK  outside 
the  brain,  take  origin  within  the  brain,  not  fmm  tJie  facial 
nucleus  but  from  the  hind  end  of  the  third,  oculo-motor  nucleus. 
In  the  reflex  contraction  of  the  orhicnlaris.  known  as  •  winking ' 
or 'blinking.'  which  is  so  familiar  as  an  almost  typical  reflex 
movement,  but  which  in  the  waking  hours  is  repe.itcd  so  regu- 
larly, twice  a  minute  or  so,  ns  to  take  on  almost  the  cliar.ietcts 
of  a  rhythmic  aiitoiiiaue  itct,  the  exciting  afferent  impulses  arc 
carried  along  the  Hbre*  of  the  hflU  nerve  distributed  to  the 
cornea  and  oonjiinctiva,  nw\  prohaldv.  hut  not  certainly,  pa«4 
some  way  down  the  ascending  root  of  r,hat  nerve. 

The  eve  is  opened  mainly  by  the  raising  of  the  upper  eyelid 
through  tne  contraction  of  tlie  levator  palpehnr  mperiorU.  This 
muscle,  taking  origin  from  the  back  of  the  orbit  in  company 
with  the  ocular  muscles,  is  inserted  into  the  upper  surface  of 
the  tarsus  of  the  up[)er  eyelid,  beneath  the  orbicularis.  It  is 
governed  by  a  branch  of  the  tJiird  nerve;  hence  injury  or  dis- 
ease of  thU  nerve  is  frequently  the  cause  of  a  drooping  of  tlie 
upper  eyelid  and  an  inability  to  open  the  eye  fully. 
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A  portion  of  tlic  t«nilnii  of  tlio  luvntor  pnlpobric  closi'ly 
unit«<l  with  an  vxtciiitioii  of  itio  tendon  of  tliv  superior  rvctiu  u 
inserted  into  the  hinder  part  of  the  npper  eyelid,  where  tlit-  coa- 
jtinctiva  lining  it  i»  about  to  lie  reflected  over  the  eyehall  -,  and 
A  simiLu'  extension  of  the  inferior  rectus  ia  similarly  in^rted 
into  the  lower  eyelid.  Ilonto  a  coiitiaction  of  the  sujierior 
rectus,  while  clevnting  the  Yi^unl  axis,  at  the  Dame  time  mises 
somewhat  the  upper  eyelid;  and  in  like  manner  the  inferior  rec- 
tus, while  depressing  the  vi^niil  axJH,  lowers  the  lower  eyelid. 

Etetweeii  the  main  tendon  of  the  levator  palimhrie  and  th« 
t«ndinoiis  slip  ju-^t  mentioned  lies  a  small  bundle  of  plain,  un- 
striated  muscular  tibres,  which  starting  from  the  levator,  ends 
in  the  hind  border  of  the  tarsus ;  it  is  sometimeti  siioken  of  a« 
the  middle  insertion  of  the  levator.  A  similar  hmidle  of  plain 
muscular  fibres  connects  the  insertion  of  the  inferior  rectus  with 
the  tarsus  of  the  lower  eyelid.  These  two  sniiill  plain  uiuttriatcd 
muscles  appear  to  be  governed  by  nervous  filaments  proceeding 
from  the  cervical  sympathetic,  »timul«lion  of  the  cervical  sym* 
p.ithetic  leading  to  oonti^ction  of  tbene  muitple»  and  .so  to  a 
partial  opening  of  the  eye,  and  section  of  the  same  nerve  pre- 
venting their  liing  thrown  into  contniction  and  so  contributing 
to  closure  of  the  eyelids.  In  some  of  the  lower  animals  thia 
closure  of  tlio  eye  upon  section  and  opening  upon  stimuUtJOD 
of  the  cervical  symjntthetie  is  very  distinct.  In  those  animals 
wliicli  po.ssess  n  third  eyelid  this  is  retracted  by  stimulation  and 
comes  for»vanl  upon  section  of  (he  i-ervii'al  symimthetic. 

Stimulation  of  the  cervical  HymiKithelie  also  causes  some 
protrusion  and  section  eauses  recession  of  the  whole  eyeball ; 
this  is  seen  at  times  in  man  in  disease. 

§  609.  The  conjunctiva  which  line*  the  ocular  surface  of 
the  cyelitU  and  is  reflected  from  them  over  the  cyeb(»ll,  the  line 
along  which  reflection  takes  jilacc  l>eing  sj-okeu  of  as  lhe,^orwrx 
/•nnjuiuTtirir,  consists  like  the  skin  of  ihe  Ijody  of  which  it  is  n 
continuation,  of  an  epithelium  or  epidermis  ivsting  on  a  deniii« 
of  connective  ti.ssue.  It  differs  from  the  skin  in  the  dermis 
being  delicate  and  in  the  epidennLs  being  thin  with  a  tendency 
for  the  constituent  cells  to  Iiecome  columnar :  hence  it  is  some- 
times spoken  of  as  a  "mucous  membrane."  On  the  ocular 
surface  of  the  eyelids  the  conjunctiva  is  thrown  into  irregular 
ridges  or  imperfect  ami  fused  papiilie.  giving  rise  to  u  satiny 
appeAmnce ;  here  the  epithelium  consists  of  several  layerf  of 
ceUs,  the  uppermost  of  which  are  Huttened.  Over  the  fornix, 
the  epithelium  consists  of  two  or  three  layerw  only,  the  cells 
in  tlie  up|iermost  layer  being  cubical  or  columnar  ;  over  the  bulb 
the  epithetiuni  consists  also  of  a  few  layers  only,  the  upper  cells 
being  somewhat  flattened  and  the  dermis  being  thrown  up  into 
scattered  [lapillaj. 

Imbedded  in  tlw  tanus,  stretching  from  the  bind  border  to 
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tlie  free  edge  of  the  lid   lies,  in   each  eyelid,  a  row  of 
or  fewer  laigely  devolojted   sebaceous   glaiidn   ihe   Meiitotnia 
gtanda.     Sebaceouii   glandi^   are  al^n   attached  to  the   follicle 
of  the  eyelashes,  and  iiilo  the  ducts  of  uome  of  tlicso  open  tl 
ffhinds  of   Mull,  which   have  thi:  structure  of  a  swi-at  gland? 
Siniill  mucou.i   (;laiiiU   nie  ntoruovi-r  found  iii  tlie  conjunctiva 
es^oiitlly  ill  the  i)(.-i};hliK>ur1ii)i)i]  nf  tiie  furriii.  ,^ 

These  several  glanJit  contribute  to  keep  the  surface  of  thtl 
eye  and  eyelids  moiitt ;  but  this  is  chiefly  effected  by  the  secre- 
tion of  the  laclu-ymal  glaud  which  is  placed  above  the  upper 
eyelid  in  the  lateral  region  of  tJie  orhit.  and  which,  imperfectly 
tUvided  by  nu  extcnsinit  of  the  tvndon  of  the  levator  [ialpcbr»- 
rum  into  two  masses,  discharges  il«  secrtrtiou  by  several  ducU 
opening  along  the  fornix  coujniwtiv.-e.  I'ndcr  ordinary  circum- 
Btances  the  thiid  thus  secreted  U  carried  away  through  the 
punctum  lachiymale  of  the  ujiper  and  of  the  lower  eyelid,  at 
the  inner  angle  of  the  eye.  into  the  lachrymal  canaliculi,  and  so 
into  the  lachrymal  sac,  and  linally  into  the  cavity  of  the  sose. 
When  the  secretion  beoomus  too  abundant  to  escape  iu  thiswUH 
it  overl1ow!4  on  to  the  clicvkn  iu  the  foi  in  of  tears.  jH 

The  structure  of  the  Ijichrkninl  glaud  is  in  its  main  f<;-ature4 
identical  with  thai  of  an  alhuiiiinous  loilivary  gland,  or  with  thai 
of  the  parotid,  save  that  the  cpiihelium  of  the  ducts  is  nei^er 
striated.  In  some  auimala  a  somewhat  peculiar  gland,  the  Ilar- 
dcriau  glnnd,  lies  in  the  inner  (median)  region  of  the  orhit; 
thiit  varies  in  structure  in  diffetrnt  animolis,  being  in  some  a 
seljaceoutt  gUml  united  witli  n  gland  similar  in  tttnicture  to  the 
laehrvmal  gland. 

If  a  quantity  of  tears  be  collected,  they  are  found  to  form  a 
clear  faintly  alKaline  fluid,  in  many  respects  like  saliva,  con- 
taining about  1  p-c.  of  fioUds,  of  which  a  smidl  )0irt  is  pro- 
teid  in  uatun.  Among  the  salts  present  sodium  chloride  is 
conspicuous. 

The  nervou»  mechanism  of  tbe  secretion  of  tear»,  in  manr 
respects,  ivjiemhles  that  of  the  secretion  of  saliva.  A  flow  is 
uaually  hniughi  about  either  in  a  reflex  manner  by  stitnoli 
applied  to  the  conjuncliva.  the  nasal  mucous  membrano.  the 
tongue,  and  tbe  interior  of  the  mouth,  or  more  diret-tly  by- 
emotions.  Powerful  stiraulatioa  of  the  retina  by  light  will  also 
cause  a  flow,  as  will  electrical  or  other  stjmuialioa  of  any  of  tbe 
cranial  or  upper  spinal  affereut  ncn-cs.  Venotia  congestion  of  the 
hea<l  is  also  Hai<l  U>  cniise  a  flow.  7'he  efferent  nerves  ate 
the  laohrymal  and  orlNtal  branches  of  tbe  tifth  iier\'v,  especially 
the  former,  stimulation  of  these  ciusing  a  copious  flow.  It  is 
Mdd  that  stimulation  of  the  cervical  symiBilhetic  will  also  cauM 
a  somewhat  scanty  flow  of  turl>id  tears,  biit  on  this  point  all 
observers  are  not  agreed. 

The  chief  use  of  the  act  of  blinking  is  to  keep  tbe  surfaM  of 
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the  cornea  moist,  and  so  transparent ;  if  the  cornea  be  kept  un- 
covered for  a  few  minutes  its  dried  surface  soon  becomes  dim. 
But  besides  this,  blinking  undoubtedly  fiivours  the  passaee  of 
tears  through  the  lachrymal  canalicuh  into  the  lachrymal  sac, 
and  hence  when  the  orbicularis  is  paralyzed  tears  do  not  pass  so 
readily  as  usual  into  the  nose ;  but  the  exact  meclianism  by  which 
this  is  effected  has  been  much  disputed.  According  to  some 
authors,  the  contraction  of  the  orbicularis  presses  the  fluid  on- 
wards out  of  the  canals,  which,  upon  the  relaxation  of  the 
orbicularis,  dilate  and  receive  a  fresh  quantity.  Others  main- 
tain that  a  special  arrangement  of  muscular  fibres  keeps  the 
canals  open  even  during  the  closing  of  the  lids,  so  that  the 
pressure  of  the  contraction  of  the  orbicularis  is  able  to  have  full 
effect  in  driving  the  t«ars  through  the  canals. 
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r  covering  the  head ;  for  a  time  the  epithelium  of  the  vesiele 
mtitiuoiis  with  the  epldeitnis  of  the  tilciii,  mitl  wholly  uncon- 
*d  witli  tlic  <l(;viilo|jiiig  bniiii ;  hitijr  on  tlic  cpitliolitil  iiivo- 
uii  8C]i.ir.tte»  from  the  »kiii,  lu-comw  »  fhiscil  imh'pciKlunt 
ole,  ami  iiiivkes  connectiona  with  thu  bruin  tlirnu^jh  the  audi- 
'  nerve  growing  out  to  meet  it.  The  otic  ve-ticlti  Ihtiiefore  is 
like  the  opCio  vesicle  a  part  of  the  hrain,  and  we  find  accord- 
jr  the  Htnicture  of  the  auditory  epithelium  much  more  simple 
I  that  of  the  retina:  it  corresponds  to  ii  part  only  of  the 
IB,  to  tho  morv  external  layern  of  the  rvtins,  not  to  all  of 
0. 

We  liftvc  seen  that  the  optic  fihreu  arecoiincettfd  with  n  part 

'  of  the  optic  ve-siclc,  with  the  anterior  wall  only  of  thii  ru- 

1  cup  and  not  with  the  whole  of  thi!« ;  the  part  of  the  anterior 

which  forms  the  pars  ciliaris  retinas  and  the  whole  of  tho 

irior  wall  mnke  no  couneRtions  with  the  optic  fibres  and 

in  the  form  of  a  relatively  simple  epithelium.     The  con- 

n  of  the  auditory  nerve  with  the  walls  of  the  otic  vcaiclo 

.1  mure  purtiiil ;  the  ncr\-o  iibrii«  become  connected  with  the 

Uum  in  a  few  limited  areas.     It  m  ou\y  iu  these  areas  that 

theliunt  lining  the  otic  vesicle  becomes  diffei-ential«d 

«  special    auditory   epithelium;   eUewhere   it  possesses 

ively  simple  characters. 

cavity  of  the  optic  vesicle  is.  as  we  have  seen,  soon 
itcd  by  the  coming  together  of  the  anterior  and  posterior 
i.  The  cavity  of  the  otic  vesicle  is  permanent,  growing 
the  growth  of  the  organ  and  lx;ooming  filled  with  a  peculiar 
•ecretcd  by  the  wall*,  called  eniiofymph.  The  vesielo  »»  it 
I  Hoon  lose8<  its  early  simple,  more  or  les.s  spherical  form 
issumes  a  most  complicated  tthape.  becoming  divided  into 
erts  known  as  the  utricle  with  the  aemicircular  canals,  the 
lie,  and  the  canalis  cochleariK:  of  these  we  shall  speak  in 
later  on. 
611.  While  the  vesicle  is  assuming  this  complicat4;d  shapes 
lesubbwtic  tissue  investing  it  unaergr>es  a  uifft^reiitiation. 
u«  immediately  in  (.onliict  with  the  epithelium  becomes 
tive  ti^Hiie  serving  as  ii  dermis  to  support  the  epithelium, 
t  the  vesicle  becomes  a  (complicat<?d)  aae  with  membranous 
lined  with  epithelium  specially  modified  into  auditoiy 
ilium  at  particular  places,  at  whiuh  places  and  at  which 
alone,  the  auditory  nerve  makes   counccUous  with  tho 


out^r  portion  of  the  mesoblastic  tissue  is  converted  into 
of  a  somewhat  deuso  character,  and  thus  fnrnishcft  a  bony 
Dr  envelope  enclosing  and  to  a  large  extent  following  the 
tir  of  the  complicated  raeinhmnoiw  sac.  Between  the 
bony  envelope  and  the  inner  merabrnnous  sac  is  developed 
e  irregular  lymphatic  space  which  (Fig.  166)  follows  to 
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a  great  extent  tlie  contour  of  Iho  sac,  but  U  bmken  up  by  broad] 
aunesious  of  the  nieiiibranous  sac  to  the  pi>rii>»t«um  lining  the 
bony  unveloiie  or  by  narr^iwer  bridle!*  of  connective  ti-tsue  crosa- 
iiig  the  space ;  some  of  these  form  beds  for  the  brancheB  of  the 
Ruditory  nerve  on  their  way  to  the  auditory  opitbeliuin.     Tbo 
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Fi<i.  106.    Uuonui  to  iLLi-sTitATE  TUB  oe«SBAL  ST8iiOTua>  or  m  Eak. 

(After  Scliwuibe.) 

I'lifi  fli[iin>  In  piin>ly  dianrnniinaUc,  inleoded  only  to  «beir  In  on*  vkw  •!■  ilM 
several  iiiiiiuniint  [lana  in  rabtlou  toe«cLuUier;  iiuob&vi«wlaiiittieacUnle«r 

iuipuBsiblc. 

ni.c.  the  rxtcmal  meiklus  or  nndltory  panRiigc,  in  the  oiiinr  pnrt  wticiv  lb« 
Tviklls  ant  cartilngltioaH,  m'.r'.  the  fame  in  the  Inner  p&rt  where  Um  wbUii  »i« 

oaMOUa. 

T.C-  tlio  tympanic  c»vlty.    t.m.  the  tympanic  membmn«.    ni.  malleoi, 
IncHi,  H.  Ktapi'3,  niuiched.  to  the  IpnsBtra  ovalis.    f.r.  (en»«m  iMondk.    S. 

Eui>lai:lilau  tube. 


U.  the  ulrii'lt.  with  Ih*  piTitvmph  tpaea  aroumi, 
its  ninnulla  is  bIicwh,  with  tlin  Ixi 
luB  f  i>(l'>Iyiiiphntlcii>  lyln;;  wlihin  Uin  cntnlftl  citTttj.  ami  <:iinneeic>]  tv  tlir  iIuMia 


One  MHBiciiGular  caul  with 
Hiiiy  core  of  the  hoop.     S.  Suwulo.    a.e. 


a  with  S 

MBCtt- V 


ciiili-iym|>Iiarii'iiM  witli  boili  saccule  and  uirlcle.  rhl.  thi'  enuitlis  ci<«litMuis,  oca- 
UBCUil  wiUi  thf-  wicouk-  l)y  thu  canalis  rviLuit^ns.  and  nurrutiti'ifd  i>y  iu  porilymnb 
BpBca,scala  vc^libulr,  iimlscuUilympnni.  tlicluitiTrndlngal  IhcfrncMtiituUR^ 
the  fnrmer  coiitiiiunui  wlUi  th^  p>^rilympli  Kpao«  of  thn  r»t<lHile  arouod  tlia 
ntricic  anil  iiatoiilr  ;  ihi'  rnnhtrsi  l»  >iti<:'nn  dia^cranimatically  vi  >  aiintile  curve, 
the  tola  vesULiull  and  «ca1a  lyuipaul  hvin^  ooutiuuuiu  at  lim  lop. 

tf.  ttud.  the  auditory  nervo  iiliowlng  the  throe  main  dirUoos  of  tite  uonk. 


fluid  in  thiei  sjiace,  which  is  lymph  and  which  bas  access 
the  lymphatics  of  neighboiirinc  parts,  receives  tlie  sp«;ci.tl  riamA 
o(  peril i/mph.  A  portion  of  tlio  sac,  with  its  sumiundiog  peri- 
lymph Bpace  and  bony  t-nvclope,  undei^es  a  development 
differing  materially  from  lliat  of  tbe  i-eat  of  the  aair,  and  is 
known  as  the  ty>chlea.  The  bony  envelope  surrounding  tba 
part^  of  the  nteinbitiiious  sac  kno^rn  as  tbe  utricle  and  saccule 
docs  not  follow  cliwely  tbe  contour  of  those  psirts  but  remains 
an  undivided  part  called  tbe  ti^fi'&u/e  (I'^ig-  167);  the  parte  0 
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tlio  membranous  snc  oallcil  iIh;  Homicirculitr  cnnnia  are  however 
followed  »i)iiicw)iiil  closely  by  lliw  bony  ciiviilojic.  The  whole 
Ixmy  envelope  may  be  dltsected  out  fixmi  Ihe  spoiigji'  Iwno  hup- 
rounding  it,  and  may  be  obtained  as  a  separate  inass  (Fig.  167^, 
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Fio.  tST.    Tub  Boxt  Z^VTKiirrii.    harr  Exit.    (Sclnralbe.) 

A.  «een  from  tbe  ouuido.    B.  icnn  from  Ute  mMlinii  lidc    Both  tna^lflcd  twlM. 

Vt.  wntlbnk.  CM.  cnchlda.  Ckt'.  the  bcgliinlnit  o(  tlin  lirni  tiim  n(  1I19 
cochlea,  f.o.  f«nMLr»  ovalU, /r  t«t)Mtni  rotiiiiila.  >,«.«.  ouverSor.  piitc.  pus- 
Wrior,  A.(.e.  lioriiouul  wimicuv'uUc  caniilB.  m.i.  uivaimi  kudluiriuii  inii-niu*, 
eaiwl  for  Uie  auditor)'  ncrvu.  VIL  opening  of  the  canal  conuiniiif  tlic  Mn^th 
■wm. 

known  by  the  name  of  ttic  lahyritifh,  or  fiowy  lahyrintA  to  distin- 
g^uish  it  from  llie  mi'mhranoHt  labyrinth  whioh  lies  within  it, 
separated  from  it  by  the  |>erilym[ih  itpaoe.  The  hony  labyrinth 
COiuiAtii  nf  cochlea,  vestibule  and  iteintcirriilar  canals,  but  lh« 
part  ot  the  membranous  labyrinth  corresjionding  to  the  ve«itibule 
ifl  divided  into  utricle  and  saccule.  The  auditory  nerve  pierce* 
the  botiy  htbvriuth  at  the  so-called  mfatu&  auditoriut  mtemiu 
(Fig.  167  ni.i.)  on  iu  way  to  bo  dijttributvd  to  thv  wtiUtt  of  the 
muinbrnnous  sac. 

All  thesie  stnicturea,  lying  at  first  not  far  beneath  the  nkin 
and  forming  together  the  '  internal  ear.'  a-i  they  grow  rome  into 
close  connection  with  a  passage  on  the  8i<Ie  of  the  head  le^iding 
from  the  exterior  into  the  pharynx  and  known  as  (ho  "  liist "^  or 
"  hyomundlbular  visceral  cleft."  By  a  scries  of  changes,  which 
w«  ncfd  not  describe  hero,  and  indeed  about  whicn  there  is 
some  divergence  of  opinion,  thi«  simple  primitive  passage  is 
replaced  in  the  adult  by  two  [wi-wagM  separated  fmin  each  other 
by  a  partition  known  as  the  tmrmtirana  tt/mparti  (Figs.  166  (.m., 
168),  or  tympanic  membrane.  On  the  outer  side  of  the  mem- 
brane  lies  a  tubular  channel,  the  external  atiiiitorn  mtatua  (Pigs. 
166  m^.,  m'.ir'.,  169  m.^,).  lined  by  skin,  and  opening  on  to  the 
exterior  by  an  uriflce  guarded  with  the  "  pinna"  or  "auricle." 
Oa   the   ia»er  side   of  the   membmno    lies    the    dniui-fihapod 
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tyvtpanie  cavlta  (Fig,  1C6  ZC),  often  called  the  "middle  ear." 
wliicfi  ihroiign  the  tubular  Ewttachian  tithe  (Figs.  166  E.t., 
169  ^.f.),  opens  into  the  pharynx,  and  which  U  lined  throi^- 
out  by  BiUGoufi  inenibmae  contiauous  with  that  of  the  phaijnu. 
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Fio.168.  TirtMEnnnAKJiTiiirAsi.    (AflerSctiwallw.)  (HagaUled tonrliiDN.) 

The  ui«mbraiici  in  m?«u  from  the  exurnal  nwaliu  anil  Uie  bandlti  o[  ih«  totl- 
leiu.  mhr,  m  n-preiieiiteil  an  Hliining  llirouK)'-  rn^f-  tl>*  ni«mbniM  lUccida,  the 
fold!  of  which  jire  repfpscnlpd  nullalini:  from  ph.,  llie  prajtctiiMi  outwud* 
caiunl  hy  the  enA  of  Ibc  short  procc»  n[  the  malleus.  «.  the  nmbo  o(  tbs  i 
hraii'',  (•>  nhlch  in  attactittrt  tha  end  of  the  hiuidia  cA  Ibe  Balleua.  Tbe 
■hvirs  din^ntmm.itlcally,  lUe  nullal  iuiil  circul&r  Bbfeaof  tlM  mtmlTfif 

The  'internal  ear  '  forms  the  mesial  side  of  the  more  or  less 
flatttmed  and  dniin-^li^pud  tympiinic  cavity  opposite  to  the  outer 
sidii  whioli  is  to  a  larpe  i;x'tent  formed  by  tlie  tympanic  mem- 
brane :  and  at  two  places  the  osseous  tissue  of  tho  bony 
envelope  of  tho  internal  ear  U  wanting,  the  g&ps  giviog  tu* 
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Fro.  IW.    DiAfltuH  TO  itLiMTRATn  Tm  KBL&TtoTMi  ttt  Ari>tTaBr  PliaAOm, 
TiHPincM  iWD  Ei;«i»Kiiii)i  ToBK.     (After  Schwalbe.) 

The  BRure  rt^MMiits  >  wctlon  not  quiia  horiXMtal,  being  IncliMd  dowit- 
wanb  In  (rant ;  the  rigbt-hnnd  inlgo  of  the  piga  m^  b»  taken  to  repmaeat  the 
ncdliui  pinnc  i>(  Ihc  head. 

nif.  pxtirnal  moatiM,  T.  tho  tympanic  csvEiv.  Si.  the  Ruauehita  tnhiL 
A.  U  plac«d  in  Ae  aiitnim  mastotileum.  m.i.  indioaiM  tlie  atUckraent  Of  lit* 
tympanic  membrane. 

a.b.  the  aii*  of  the  exiemal  mcatiu,  fr  6. 4-  tliat  of  the  KuMochian  toba. 
(bf  ■  alMVa  iho  curved  axis  o(  the  anlnim. 
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to  wlint  in  the  dried  skull  np|H<'nr  as  two  foramina,  but  in  tTie 
fresh  »tat«  are  twn  iii<.-nihr.iiioii:«  fviiVMtnv.  One  of  iheite,  oval 
in  sh^iei  called  the/eiienlra  ttvali*  (t'lp!-  lGt>.  170,  171  /.o.).  lies 
between  the  tympanic  cnvity  on  the  oiili^ide  and  that  [lart  of 
ttie  pcTilymph  space  which  surrounds  the  division  of  the  mem- 
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Fia,  170.    FaoiTTAr-  (TatmTKBaK  rnnncAL)  (cctioii  niaooon  trb 
TTHrAxi:*.     (Lirr  K«r.)     (Nati^nilbii.) 

His flftnVi partly  <li&j;r!Uii[naiii:,  iauiiwiiiflfil  twioe,  aiidabews  tiut  fniiiipiirt 
of  the  ITlnpMiuin  aa  ■«rn  from  boliiiid  :  lli«  iocua  bos  bocci  muuvcil,  tlic  anic- 
ulnr  luniee  on  the  head  of  tlio  tiullciw  being  IndioUcd. 

ml.  Tbe  tDfmbnna  tytR|),ini.  ni/.  mt^mbrank  flscclda.  mbr.  ti»ndl« «(  Uia 
milleiu.    fA.  Blicn  proorss  of  iho  lualiuiw. 

lg.e,  exbimsi  ligamviit,  Ig.i.  thu  HuperiOT  ligBnu'nt  of  thit  mnlleua. 

TT.  The  bony  pmjnnlon  fmm  which  the  (pnd«n  nf  tho  tciuor  tympasl 
p«»iM  M  tlie  hirIIciu.  /".  ihn  fenMUs  nvalia.  e.  thn  (rout  pan  oi  iJw  vnil- 
bule.    «.  like  begtiiuliig  ol  tlie  Am  (bwal)  turn  of  th*  eochle*. 


Pio.  1T1.     Dtaorim  i>t  rm  iiri>u)«  Wti.i.  a»  nra  TrxPAKCit  or  tiib  Lrit 
Ej,u.    MiiKotlcd  tvlro.    (AfUirSchwRlbs.) 

1.  Tha  tvmpMDlc,  S.  the  cpltjnnpaniG  rrsion  ;  below  ilie  reftrrnoe  tigan  ia 
•wn  the  KBBUe  pn>iitlnrnc«  due  to  tlie  Rmpull*.  A.tiic  antrum  nuuildEuni,  th« 
liM  te  mirklnjE  lu  llmlu.  Et.  thn  KuxtMhlan  inbA.  7.  T.  tha  pnow  for  ih« 
tenaor  tynipanl.  /o.  lh«  d«Tir«Mlan  of  (he  feD««u«  oralU,  ibe  fmeatn  itaelf 
b^ing  ahaded.  /,r  the  d«pr«Mion  ItadUijc  to  the  tcnMtn  nilunda ;  abort,  and 
obllaaDljr  to  tho  left  of  tliit.  lin  th?  projection  caiued  bjr  the  baixi  of  the  cochlea. 
A.  lli<i  pronilnHiu-c  (or  the  Rtapcdiui,  irlth  the  ariAcc  (or  thr  i-ilt  of  the  tondoa. 
VII.  the  tnuite  of  the  btcUl  nam.  Tb*  tyav«iiuni  proper  lit*  ntibln  iIm  Irt- 
lera  «.  b.  <f.<- 
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Tininou!)  Ubjrinth  known  as  tlic  ntriclu  on  tlio  inside:  in  ttie 
dried  kiny  lubyrinlh  (Fisf.  Ui"  /'c.)  tt  appears  as  a  bole  in 
the  vestibule  Thu  otlipr,  rnnnrl  in  shape,  called  the  feiuMra 
rotiuiiia  (Kijjs.  Ifi6,  111/./-.),  lies  between  the  tympanic  cavity 
and  a  part  of  the  perilymph  space  which  enters  into  tbe  con- 
struction of  the  cochlea ;  as  we  shall  sff,  tho  perilymph  sp«oa 
of  the  cochlea  inay  ha  regarded  iis  ii  pcvulJar  tiihuUr  prolonga- 
tion of  that  of  lliu  vustiljuks  anil  the  mvinbi'niie  of  tlic  funcslm 
rotunda  closes  iis  it  v/vw  tho  end  of  this  pmlanjjatinn. 

Certain  Imnt's  of  the  skull,  convened  l>y  Kli-ikine  devvloc^ 
mental  ^■lian^f's  into  a  jointed  chain  of  minule  Dones,  the 
aaditori/  oaaieles  (Figs.  Iflti  m.  i,  ft.,  172).  are  by  processes  of 
growth  thrust  into  tho  tympanic  cavity  in  such  ii  way  that 
thoy  eventually  seem  to  liu  wholly  in  the  cavity,  and  to  fonn 
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Piu.  ITS.    Tnt  AcoiTORr  Omitri.mi.     (Atltr  Soliwslbe  wul  II«lmlxiIls.) 

Miijjuilit.' J  tuur  times. 

A.  Thenvtitru*.  rp.  the  head  (eupat).  'IhenrtlmliiUnftouTracrforllieiatW. 
t.  toutli  I'xrkiiii;  nllh  tontli  of  Inouii,  tg.  la  jitsoeil  iii>piM>lUi  Uie  aUMhoKAl  ol 
iht^  li;iiiini'ii!i.  ])./.  procriuvisitraclllsnr  Kuli.iuii?.  repnsavnhHlM abort.  pM.pn' 
ces«ii»  liri^vlH.     m.hr.  linndlt-  (uariutirium}, 

B.  TVnruK.  ■surf^icearLictiliitinewitliiniilli'iM.  (. lnntlil()c|[lnj!witbU>Olti 
of  iniillou*.    p'.b'.  procPMiu  brevl».    p'.V.  pniOif*nii  U'j^gw- 

W.  Tho  invfvr  Piid  of  tho  procesaus  luu^ou  Miiii  Hidcwajr;  o.  Itn  cxpn*dc<l 

lermliiaiii>n  fir  c*  orbiculaw. 

C.  The  staprn.     c  thu  head.    /.  the  foot-plnu. 

D.  'Din  tlirco  (uilclcs  In  counecilon.  At.  malleoa,  f.  Ineus,  iL  aUpM;  tto 
Other  lectors  n»  above. 


a  bridge  across  the  cavity  between  the  tympanic  membrane  on 
the  outer  side,  and  the  fenestra  ovalifi  on  the  mesial  tudt:  (Fig. 
173).  The  aisicles  are  thrve  in  number;  to  the  tympanic  mem- 
brane is  attached  the  malfrun;  this  is  joined  to  the  t'nnM,  vhich 
in  turn  is  joined  to  tlie  »tajieg,  the  end  of  which  U  attached  to 
tho  fcnestrii  ovalis. 

§  612.     The  affections  of  consciousness,  which  wo  call  sen- 
satiotii  of  sound,  nru  the  result  of  auditory  impulses  trachiog 
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certain  jmrts  of  the  bmiii  nlong  lliu  uiiditriry  nerve ;  and  these 
auditorjr  impuUus  nre  gviier.ite<l  thruug}i  vibrntions,  r>r  rhyth- 
niioitlly  rupealvd  variiktiunt)  of  [>n«aiire  whipli  w«  call,  *wavca  of 
sound,'  in  some  way  or  other  acting  upon  the  t«rminntions  of 
the  auditoiy  fibres  in  the  auditory  epithelium.  The  wnvn 
of  sound  gain  access  to  the  epithelium  by  means  of  the  peri- 
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Tta.  17S.    TiiK  OuicLEi  at  Fomrox.    MBsiiUi«d  tour  UmM.    (After  nenaca.) 

The  flpuD  tvprmcntji  a  MictiMi  Ihronxh  tympannm  In  thn  lint  at  tti»  lonn  axil 
o(Ui«roall«iMiuidlni:u8;  theahnrt  ppxvmof  Uie  Incus  f/6'haabeeaCTUAt<7iigh. 

T.C-  Tho  tympnnin  cavitv.  mbr.  huidln  of  malleus,  u.  umbo.  pM.  abort 
pmcMK  of  the  mnlkiiii  »hi'wn  In  <loil«<d  ouiline  aa  pnabiun  outw^nlt  Uie  mcm- 
brana  flacciila.  T.  T-  tlic  atia«ji<DMit  of  i\vf  i^utloii  uf  tbe  Wnaor  ^inpoiU.  If. 
tbe  atUihiuriit  of  tiiv  txtrrnil  lie>iu«nt  ut  thv  inallcmi.  f;.«i  tlia  Nuperiw  Hga- 
ment  at  the  mslli-u*.  tJ.  the  l«Ah  o(  the  fncua.  p'l'.  the  long  pmecaa,  ahatt,  of 
tlw  liicua.     St.  tho  mapea. 

Ivmph,  parting  probably  in  some  parts  directly  throuf;li  thu 
dermb  of  the  nii;tnhmtious  sao  to  the  overlying  epithvliuni, 
and  being  in  other  parts  transmitted  to  the  endnlyniph  fmm 
the  pcrilyiiiph  acro!w  the  membranous  xvalls,  and  acting  on  the 
epitiiL^lium  through  the  endolvmph. 

Waves  of  sound  may  be  and  to  a  certain  extent  are  conducted 
in  a  direct  manner  to  tliv  perilymph,  through  tho  tissue*,  espe- 
cially the  harder  bony  tissucK,  of  thu  hea<l,  n-a«hins  the  ptTilyniuh 
across  its  h"ny  cnvflftiKt.  Tlie  \asX  majority  however  of  llifl 
waves  of  Round  which  fall  n[ion  the  hea«l  travel  through  lh« 
medium  ot  the  air,  and  in  order  to  reaoh  the  perilymph  hiive  to 
pass  from  a  g^ieous  medium,  the  air,  into  the  solid  and  liquid 
media  of  the  bead.  Kow  the  vibmtions  of  partii-les  constituting 
waves  of  sound  are  not  readily  communicated  from  a  gaseous 
to  A  liquid  or  solid  medium;  special  conditions  arc  required 
to  effect  this.      The  transference  o(  »ound  from  the  air  to  tbe 
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ptriljriayb  is  attended  v/Wh  cf^nitideratJo  difliouHy ;  and  the 
parts  of  the  ear  which  we  have  njioken  of  above  as  coostitutitig 
ihi^  middle  and  outer  ear.  nerve  as  an  acoustic  apparatus  iot 
facilitating  tliis  traneference  and  thus  bringing  the  aerial  wave.s 
to  act  nn  the  auditory  epithelium,  tho  action  of  the  appanitua 
bein^  somewhat  as  follows. 

Waves  of  sound  falling  on  the  side  of  the  head  reach  the  li,'m- 
panic  nicnihninc  by  the  exlenial  meatus,  and  tbrow  thai  inirin- 
bniiie  into  vibnitiiiiiA.  These  vibrations  ai'e  transniilted  ihrongh 
the  chain  of  ossicles  to  the  membrane  of  the  ffuestra  ovalis  and 
so  to  the  perilymph  lying  on  its  far  siile;  sweeping  over  the 
perilymph  in  its  continuous  cavity  the  wavos  eventunlly  break 
upon  tlic  fenestra  rotunda,  haviug  on  ihcir  way  affiiit^d  the 
nudilory  epithelium.  We  havu  fii-st  to  inquire  how  this  subsid- 
iary acoustic  ajtparatus  performs  iia  work. 


The  conduction  of  tovnd  through  the  Tympanum, 

§  613.  The  chain  of  ossicles,  jointetl  together,  attached 
the  lynipanif,  nirmbrano  at  one  end,  and  to  Lhe  fcneslni  ovalis 
at  the  otlier,  and  .secured  by  liiranienU,  may  be  ivganled  as  a 
lever.  Observations  and  experiments  shew  that  the  end  of  the 
short  process  of  the  incus  serves  as  the  fulcrum,  the  power 
being  aiiolicd  at  the  umbo  in  which  the  handle  of  the  malleus 
ends,  and  the  effect  being  brought  u>  bear  ou  the  (rnd  of  the 
long  process  of  the  incus  attucheu  to  the  stapes.    lu  thus  acting 
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Fio.  1T4-    Tin:  Ltiijimtsm  or  ram  OmtCLB*.    (After  HoMOO 

T>ii>  Osmra  npreBenu  &  nearly  Loriiontal  MWtioa  of  the  tyraptuiani.  carried 
tluuugh  tho  livada  of  thu  inaltvui  and  iiiciw. 

M.  miLllciiB.    /.  inriii.    r.  ftrtlnilar  t/iotli  nf  inrna.  f^.a.  anurforSBil  l|r«.cs- 
tarnal  HxnmrnL  nf  iIki  ciiAlleua.     Io.i'fuv  liRam«nl  i>(  tlic  inciu. 
TliK  line  ax  repr««<<iit(t  Lb«  axu  oE  roUliou  of  tbc  two  ouicIm. 

OB  a  lever  tho  heads  of  the  malleua  and  incus  rotate  round  a 
horizontal  line  drawn  through  them  in  the  direction  of  the  line 
ax  in  Fig.  174.  Such  a  lever  may  l»e  reprenented  by  the  line 
xj*  in  Fig.  175.  (.'iirt-fnl  ntctisurcmcnts  shew  that  the  whole 
length  of  the  line  fitim  F  the  fuk-rum  to  P  where  the  power  ia 
apidied,  is  about  9-n  mm.,  while  the  length  from  ^to  It',  wl 
the  effect  ia  brought  to  bear,  is  about  6*8  mtn.     Hence  w 
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the  tynipnnio  membrane  is  ilrtven  inwards,  tti«  eorrospondiiig 
iiiwai-d  moveiuent  of  the  )tt4i{H:>-it  in  tliv  fciiuHtra  i«  lu  far  as 
extent  in  cnncenied  oulv  about  two-thirds  of  that  of  the  lyin- 
piinic  meint)rane.  By  the  piinciple  of  the  lever,  however,  Uie 
amount  of  pressure  exerted  bjr  the  movement  of  the  stapes,  the 
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Fio.  ITG.    TiiK  Mallrit*  akd  Iircir*,  n  roainon.     (IlflmboltE.) 

.V.  'T\>i:  malk'ui^  t,  Uio  head,  mlir,  Uio  bandle,  p/,  proCMMi  FoUaoiU. 
T.  T.  the  icniUia  nt  tli«  Iniiior  tyin}«nl. 

/.  Thp  Incus,  p'h',  ilie8lioriprv>ces*,/r.  Uielongproeetw,!.  tooUi  lockiiis 
«tUi  Uiu  miUkuB. 

Tfift  line  ,TA'  repmrtiU  ttic  lever  fivnnnd  b;  tho  two  omIcIm.  nlth,  F.  lb« 
tuleram  M  tbe  uuclmi'-nt  n(  thn  ahnrl  pivici'MS  «(  tlia  Inciu.  P,  Uie  point  wlioiti 
tlw  pomr  is  >Mjll»d  Mt  t1i«  eud  ut  tlie  liawlti-  ot  the  m&lluiu.  if.  the  puUit  whcR 
the  cSect  ii  proutiotsd  Rt  Uiu  ta  orbioulue  i>f  the  inuiu. 


force  of  tb«  roorcmciit,  is  one  and  a  half  times  f^-ater  than 
the  force  expeitdeil  in  prodiiuiiif;  thu  move iiiriil  of  the  lymp«niG 
inembr-ane.  The  amuigement  of  the  lever  of  onsiules  tiivn-foiv 
ia  such  aa  to  convert  a  ivlatively  laige  movement  into  a  t>nmller 
movement  of  greater  intensity;  tlie  oenefit  of  such  a  conversion 
is  obviaud. 

§  614.  The  conduction  of  sound  from  the  external  air  to  the 
labyrinth  takes  |>lucv  by  muans  of  tin-  tympanic  nicmbi-uiic  and 
thf  chain  of  ossidv^f  actingiisiileverin  the  miiiiiicrjiist  ilc:<icribi-<l. 

Strutvhod  imtnibmiies  iiave  the  projieriy  of  being  reailily 
tJtrown  into  vibrations  by  aerial  waves  of  sound,  and  of  trans- 
mitting tlie  vibrations  to  bodies  in  contact  with  tliemselves. 
Tite  tym[ianic  membrane  is  a  stretched  membrane  which,  by  ila 
size,  nature  and  <:oiiformataon  i»  sjwcially  a<laptcd  to  take  up 
and  transmit  a  great  variety  of  vibrations.  Sound  is  a  vibration 
of  tb«  particles  of  matter,  a  scrii'S  of  movements  of  the  |iarticlcs 
from  and  to  a  fixed  [>oint.  In  air  and  other  ga«-s  the  movts 
menta  of  thv  particles  lead  to  allvnuiting  condensation  and 
rarefaction  of  Oic  medium,  the  sound  is  propagated  as  waves  of 
alternating  enmlensation  and  rarefaction,  which  since  the  to 
and-fro  movement  of  the  paiLiclcs  ia  in  tbe  same  direction  as 
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th»t  in  which  the  undulfitions  arc  trtivelUn^,  are  spoken  of  as 
'longituditinr  wnvfts.  In  liquids  tliv  trHrisiiiLssioii  of  sound  also 
takes  pliice  by  lon^^ludiiiaL  wiivus  of  alteriiiiting  coiiduiteiUioD 
Aiid  nit-cfiictiuii,  and  sound  may  travel  tlinmg^h  solids  in  tbo 
samo  vviiy.  Itnt  Knlids  in  the  form  of  niemlH^nei*  or  pUt«s, 
:stnii[T!<.  and  rnd^  may  alio  give  rise  to  sounds  by  I>eing  thrown 
intrt  boiiily  vibi-atioiia,  a  rod  for  instance  bending  alternately 
u>and-fro  in  mpid  succession.  In  such  a  case  tl»e  paitiL-Iisj  of 
the  rod  move  Ken^ibly  iu  a  direction  transvcnic  to  the  long  asid 
of  the  rod;  and  thu  vibrations  of  this  kind,  thus  giving  rise  to 
sounils,  are  sjiukun  of  as  "  tranitvei'sal "  vibrations.  It  will  Iw 
undentoud  that  a  rod.  ntcmbiani;.  [ilate  or  string,  may  also  bo 
the  subject  of  h>ngitudinal  vibmtions;  but  tlie  sound  given  out 
h_v  sui.'h  loiigitudini*!  vthrationa  ditfent  from  that  given  out  by 
transversal  vibrations  of  the  same  body.  A  rod,  string,  or 
membrane  thrown  into  sufBciontly  rapid  and  strong  trsnsvcKal 
vibrations,  will  comniunicaUt  it^  vibrations  to  tlio  surrounding 
air.  and  so  givu  fortb  a  sound,  which  will  travel  through  the  air 
iu  the  form  nf  waves  of  longitudinal  vibratioiu.  Conversely, 
ttnund  ti-avelllng  througb  the  air  in  waves  of  longitudinal  vibia* 
tions,  and  striking  utHiu  a  ivid,  string  or  membrane,  may  throw 
it  into  transvereal  vibrations.  And  this  is  ^vhat  takes  place  in 
the  ear.  Aerial  wavea  of  sound,  in  the  form  of  longitudinid 
'vibrations,  alt«rnaUiig  condensations  and  rarefactions,  of  the 
air,  travelling  along  the  meatus,  fall  upon  tlio  tyinpanio  mem' 
brane,  and  throw  it  into  transversal  vibratioits;  the  membrane 
bi-mls  lx>dily  inwards  and  uutwtinLs  in  time  with  thu  coudonaf 
tions  and  rarefaction:*  of  the  air  in  the  meatus  oa  ils  outer 
surface. 

The  vibrations  of  a  rod,  a  tuniiig>fork  for  example,  arc  com- 
paratively simple  iu  character  ^  and  we  lind,  corres))ondingly. 
that  a  tuning-fork  is  verv  limited  in  its  power  of  'taking  up' 
sounds  from  the  air,  of  being  thrown  into  vibrations  by  sound* 
falling  ujKin  it;  it  will  only  laku  up  from  the  air  tho  particular 
soiinils.  tbt!  partii;ular  tones  as  w«  shall  ])rcsfnlly  call  Ihcni.  which 
it  ilself  givtet  forih  when  thrown  into  vdnations  by  buiiig  struck. 
The  vibrations  of  a  membrane  are  much  more  oomplex  ;  and  for 
thU  reason  a  membiane  takes  up  much  more  reanily  a  variety 
of  different  sounds  reaching  it  tlimugh  the  air.  Still  evcrv 
membrane  has  its  fundamental  tone  or  tones,  as  they  are  called, 
those  which  it  natuntlly  gives  forth  when  thrown  into  vihrn- 
tiiMis ;  and  it  ukes  up  these  from  the  air  mut-h  more  rc.idily 
than  any  other  sounds.  It  is  a  fc^ature  of  the  tynipMiiic  membrane 
that  it  takes  up.  without  any  marked  distinction,  a  very  great 
variety  of  sounds  within  a  very  large  range.  It  pmlxtbly  has 
a  fundamental  tone  of  its  own,  but  this  is  kept  in  tlie  boek- 
ground ;  it  is  not  prominent,  and  does  not  materially  influence 
our  hearing.     Were  it  otherwise,  wera  tlie  tympanic  membrane 
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ttirown  into  vibration  much  more  readily  liy  a  partictilar  xouiid 
tliitn  by  niiy  others,  that  sound  would  be  dominant  in  all  our 
hearing;  and  unleiu,  as  in  vixion.  psychical  expetience  inter> 
vened  to  correct  the  mere  sensation,  we  should  be  misled  in  our 
judemuittj;  as  to  what  «'ii»  taking  place  around  us. 

rhi»  guncral  usi-hiliuvut  of  thv  tympanic  luumbmne  is  secured 
partly  by  fcalurc-t  pro)>ci'  to  it«ul[,  jjartly  by  the  fact  that  it  is 
'(htnijied'  by  llie  atUt-huwiit  to  it  of  the  chain  of  oHsicle*. 
Wicbout  attempting  to  enter  int4>  a  disc  ham  ion  of  a  niatlvr  which 
id  in  many  ways  complex,  we  may  say  that  the  following  feat- 
ures contributt.'  to  malco  the  tympanic  membrane  sensitive  lo  a 
lai'gc  variety  of  sounds.  In  the  firet  place  ita  dimensions  are 
rcLitively  small.  In  Llit;  second  place  the  material  of  which  it 
is  conipascd  i^  ]K;oulinr,  so  that  it  is  in  a  sjiccial  way  unyielding 
and  rigid;  it  rulaiii.t  '\l»  form  when  cut  away  from  iu  \»>uy 
atuohmciita  by  a  oirctiW  incision,  and  the  ninlleux,  including 
ita  handle,  may  be  removed  from  it  without  dittorting  it.  In 
the  third  jilace,  its  remarkable  form,  that  of  a  shallow  funnel 
witli  sides  gently  convex  towTirds  tiie  meatus,  has  a  marked 
effect  upon  its  ca^Nibilitics  of  vibration.  'Jlic  chain  of  ossicleSi 
uttiichvu  at  its  fur  cud,  to  the  membnine  of  the  fcnostra  ovalis 
ba^  a  'damping'  effi-ct,  similar  to  thai,  familiar  to  cver^'  one,  o( 
IcN-sciiiiig  or  Mtop]>iiig  the  80und  of  a  vibrating  empty  wiiie-glaw 
or  tumbler  by  pressing  the  linger  on  it,  and  ttiia  'damping* 
while  it  diminttihes  to  a  certain  extent  all  tlie  vibrations  of  the 
membrane  is  especially  effective  in  the  case  of  exce^ive  vibra- 
tions, such  as  those  which  might  be  produced  by  the  sound 
which  is  the  fundameiitaL  note  of  the  mcmbfiine. 

§  61$.  The  vibrations  thus  set  going  in  the  tymiutnic  mem- 
brane arc  transmitted  from  it  to  tlie  chain  of  owicles.  llie 
traintmissiun  might  take  place  in  two  ways.  In  the  tint  place 
the  vibmlioiis,  the  alternate  bendingtt  inwai-da  and  outwards  of 
tlie  membrane,  might,  by  carrying  with  it  the  attached  handle 
of  the  malleus,  work  the  chain  of  osKicled  as  a  lever,  in  the 
manner  described  in  §  tJ13.  so  that  each  inward  flexion  of  the 
tympanic  membrane  led  to  the  membmne  of  the  fenestra  ovalis 
pushing  the  [wrilympli  of  the  labvrintli  inwards,  white  the  return 
outwards  again  of  the  one  led  to  a  like  ix-turn  of  the  other. 
Ill  the  8«vond  place  the  tran^venud  vibrations  of  the  tympanic 
membiane  might  st-t  up  longitudinal  vibratioiLS  in  the  substanoe 
of  the  malleu-H,  whii^h  would  tiitvel  as  longitudinal  vibrations 
through  the  chain,  and  ho  reach  tike  perilymph.  In  the  one 
case  the  whole  chain  of  atsicles  swings  to  and  fro.  in  the  otlwr 
case  the  sound  is  propagated  by  molecular  morenicnt.  That 
tl>e  ossicles  do  move  ert  mauf  has  been  proved  by  recording 
Uicir  movements  in  the  usual  graphic  method.  A  very  light 
style  atla<-lied  to  the  end  of  the  i^neu«  or  t»  the  Htapeit  is  made  to 
vrite  on  a  travelling  iturfuce  ;  wlieu  tlie  tympanic  membrane  is 
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thrown  into  vibrations  by  a  sound,  the  cuires  described  by  the 
style  indicitte  that  tliu  chaiu  of  bones  niove^  with  every  vihra- 
tiou  of  the  tncmbratie.  On  the  other  huud,  tlio  comparatively  ^ 
loom  &ttuchnient«  of  the  several  o«<iides  is  an  obst»cl«  to  thsfl 
molecular  tTftnsini3»ion  of  sonorous  vibrations  through  them. 
Moreover,  lionoroiui  vibration;*  can  only  be  traoHmittcd  to  or  ]jils8 
nlong  mich  l>oilieH  a»  either  are  very  lone;  comiiared  to  the  length 
of  the  sound-waved,  or,  as  in  the  case  ofweinw-anea  and  strings, 
have  one  dimension  very  much  smaller  than  the  otbera.  Now 
the  bones  in  (juejstiou  iirc  not  only  not  especially  tUio  in  anv 
one  dimension,  but  nre  in  all  their  dimensions  exceedingly  small 
compared  with  the  wave-leiigUi:*  of  the  vibriitiotu  of  wen  the 
shrillest  sounds  we  are  capable  of  hearing;  lience  they  must  be 
uselo-sH  for  the  molecnlar  propagation  of  vibrations.  We  may 
conclude  then  that  wlien  wave.^  of  sound  throw  the  tympanio 
inemhi'ane  into  vibrations,  each  inward  excursion  of  the  mem- 
brane is  followed  by  a  corresponding  impulse  given  by  the  foot 
of  the  stapes  to  the  perilymph.     As  wo  have  »c«n  the  space 

I  through  wbi<;h  the  end  of  the  incus  moves  is  less  than  that^ 

through  wliich  the  handle  of  the  malleus  moves,  and  the  move-fl 
ments  of  the  stapeti  are  in  addition  reslricU^^d  by  the  nuinucr  of  H 
its  attaehment  to  the  rim  of  the  fenestra  ovalis;  but  the  entTgjrH 
with  which  the  end  of  the  incus  and  hence  the  stapes  moves  tftH 
proportionately  increased,  so  that  we  might  Hlntasl  »peAk  of  the  " 
gentle  swingings  of  the  tympanic  membrane  being  converted 
into  smart  taps  on  the  perilymph  of  the  labyrinth.  ^ 

The  impulses  thus  given  to  the  perilymph  at  the  fenestra^ 
ovalis  travel  along  the  iiitricale  passages  of  the  perilymph 
spaces,  and  finally  break  upon  the  fen*»tnv  rotunda  i  if  the 
membrane  which  clnses  this  oritice  be  watclied  it  may  be  ob- 
served to  pulsate  in  sequence  with  tlie  pulsations  of  the  fenestra 
ovalis.  During  their  passage  these  impulses  are  communicated 
to  tho  endnlymph  and  in  some  way  or  other  affect  the  endings 
of  the  auditory  nerve.  How  they  do  this  we  shall  presently 
study:  but  we  may  here  call  attention  to  tho  fact  that  tho 
waves  of  sound  which  fall  on  the  tympanic  membrane  are  f^ir, 
the  moNt  part  not  simple  in  character  but  complex,  and  in  manj 
cases  exceedingly  so.  This  complexity  is  earned  on  into  tbi. 
vibrations  of  the  tympanic  membrane  and  so  into  the  impulseal 
given  to  the  perilymph ;  the  waves  which  sweep  past  the  end- 
ings of  the  auditory  nerve  ai-o,  so  to  speak,  reproductions  of  the 
complex  aerial  wavts  passing  down  the  meatus. 

§  616.     l!y  far  the  greater  number  of  sounds  which  we  hen 
reach  the  tympanic  nieiiihrain^  by  passing  through  the  air  dow 
the  meatus.     One  great  use  of  the  long  ext«rnal  pnssnge  is  prob*"' 
ably  to  protect  the  delicate  tympanic  membrane  fiom  the  acci- 
dents to  which  it  would  be  subject  were  it  freely  espi>»il  on  tltaJ 
surface  of  the  body ;  but  it  has  also  a  use  in  transmitting 
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tymptiDic  mcmbriuio  sounds  trnvcUin^  to  th«  sar  in  curtuiii  direo- 
ttoiu  ruoru  rvndiLy  ttiaii  those  coining  in  other  directiotis.  The 
conMtriotinn  of  the  meiitiiK  nt  the  junction  of  the  outer  mid  mid- 
dle tliird  serves  a.t  a  Hort  of  diaphragm  by  which  waves  of  sound 
ti-avelling  too  much  out  of  the  line  of  the  meatua  are  turned 
back.  The  external  ear.  auricle,  or  pinnu.  haa  abio  probably  a 
siniilur  efTticl.  rcilectlng  into  tho  mvutuii  wavvs  which  fall  upon 
it  in  a  particular  direction  or  u-iiv(»  of  a  jxirticular  kind,  ttut 
of  these  usos,  wliiob  are  of  more  iiti{K>rtiuice  iu  sumts  animals 
than  iu  man,  we  shall  speak  again  in  cointideriiig  ibv  niaauer  in 
which  we  recognize  the  directions  of  sounds. 

Sountln  however  may  reach  the  ear  by  patlis  other  than  the 
meatus.  If  a  tuning-fork  bo  struck  and  then  held  near  the  ear 
it  will  after  a  while  cease  to  be  heard,  the  sound  dies  away :  but 
the  sound  Is  heard  again  if  the  handle  of  the  fork  bo  placed 
between  the  teeth ;  and  when  thu  Kound  ngiiin  dies  away,  it 
may  bo  revived  by  gently  closing  the  external  meutut),  care 
being  taken  not  to  cuuso  compDM-isioti  of  the  air  within.  Wheo 
the  tuning-fork  in  held  between  the  t*eih  its  vibmttons  utw 
transmitted,  tbrougli  Uie  bones  of  the  head  to  the  tympanic 
membrane,  which  thus  set  in  motion  acts  in  the  same  wayaa 
when  it  is  8et  in  motion  through  the  air  of  the  meatus.  Tliftt 
the  vibrations  which  thus  reach  the  intflmal  ear  ai-e.  for  the 
most  part  at  least,  conducted  through  the  tympanum,  and  not 
brought  to  bear  on  the  perilymph  directly  through  the  bony 
walls  of  the  labyrinth  is  not  only  Indicated  by  the  effect  just 
mentioned  of  elotttng  the  meatus,  for  tliis  could  have  no  inHu- 
«nco  on  the  Inbyrinth  it^telf.  but  may  bo  also  proved  bv  experi- 
ment. If  a  style  be  attached  to  tlie  stapes  laid  I>are  in  ihe  akall, 
the  vibrations  of  a  tuning-fork  brought  into  contact  with  the 
skull,  will  lead  to  corresponding  movements  of  the  style. 

Not  only  may  ^nbrations  bo  trausmittod  from  the  skuU  to 
itio  tympitnic  membnuio,  but  also  convervoly  the  vibmttons  of 
the  raenibratie,  brought  abont  in  the  usual  way  thmugh  the 
n)e:atu.s,  niav  l)0  tran.-<mitt«d  to  the  boneit  of  the  skull.  If  a  long 
tube  inlriMhieed  into  one  meatus  be  spoken  or  sung  into,  the 
sounds  may  be  heard  by  help  of  a  stethoscope  maced  over 
various  parts  of  the  head.  They  are  heard  best  peroapa  at  the 
opposite  meatus:  the  vibrations  of  the  bonos  of  the  skull  set 
going  by  one  t^'mpatiic  membrane  throw  the  othor  ^'nipimic 
momDnne  also  mto  vibrations. 

§  $17.  Two  mitscleM  act  upon  tJie  auditory-  apjiamtuK  of  the 
tympAnum  ;  one,  the  Umnor  tympani,  acts  n)>on  the  malleus  and 
hence  uiKin  the  tympanic  membrane,  the  other,  the  tUxpedin*, 
acts  upon  the  stapes. 

The  tensor  tympani  (Fig.  176)  is  a  slender  muscle,  lying  in 
a  groove  above  tlie  bony  canal  of  the  Eustachian  tulw,  and  having 
v«ry  much  the  direction  of  that  tube.     The  tendon  in  which  it 
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en<ls,  txiriui  round,  almost  at  right  angl«a  to  the  lino  of  the 
musi;lc,  over  a  bony  prominence  at  the  end  of  the  groove,  nod 
passing  athwart  the  cavity  of  the  t>'mpanum  from  the  mediui 
Mde  outwards  (Fig.  170  T.T.)  is  attached  to  the  upper  part  of 
the  handle  of  the  malleus. 
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Fia>  176.    DiAOBAM  or  tub  outir  wall  op  trb  TrvrAMVM  >•  ckkx  r>oK| 
THE  vESTii.  SIDE.     Ma^ilied  twici'.     (Ait«r  ScbwAlbe.) 

m.t.  membniaa  lympani.     mb.  handle  of  Jf  the  mallciu.     /.  the  lonift.    £4 
EitiiUchinii  mbd,     T.  T.  tensor  tympanl,  thn  tendon  of  which  U  nfi-n  auadit 
tg  the  upper  pfirt  of  Ihe  hniKilp  of  the  uikIIfus.     lg.a.  the  aat«rloT  Mill  fff.*.  tM^ 
superior  liKnititiDt  of  tlm  nuUleia.    cA.I.  the  diortbi  lynpwU  nervu  travwmng  Ui« 

tympanic  carity. 


The  effect  of  the  contraction  of  the  muscle  ia  to  pull  tlia' 
handle  of  the  malleus  and  so  the  tympanic  membrane  inwariU 
towards  the  median  side.  Even  in  a  quiescent  state  it  majr  be 
of  use  in  keeping  up  a  certain  anioutit  of  tension  and  in  pre- 
venting the  tympanic  membrane  being  pushed  out  too  far. 
When  it  cotitrnctii  it  certainly  rendcni  the  tympiiniu  menibrvne 
more  tense  ;  hvnce  it  hiut  been  supposvd  on  tbc  one  hand  to  act 
as  a  damper  IcsMt-niug  thu  amount  of  vibration  of  the  membrane 
in  the  case  of  too  powerful  sounds,  and  on  llie  other  hand  to  n< 
commodate  the  apjiaratna  to  the  sounds  falling  upon  it  since  ll 
more  tense  membrane  is  more  readily  thrown  into  vibrntions  b;_ 
higher  notes  and  is  less  nensitive  to  lower  notes.  It  has  been 
urged  that  it  is  readily  thrown  into  contraction  at  the  commence- 
munt  of  a  sound,  especially  of  a  noise,  and  returns  to  rest  durinjpS 
the  continuance  of  a  prolonged  musical  note,  the  eoutr.icliouV 
being  a  simple  contraction  or  twitch,  rather  than  ft  continued 
tetanic  contraction ;  it  is  suggested  that  thts  rnay  serve  to  tunc 
the  membnineas  it  were  for  tlie  soutid  which  follows.  Efferent 
impulses  reach  it  through  iibi'es  of  tlie  fifth  nerve  from  the  oti 
ganglion,  and  its  activity  is  regulated  by  redex  action,  vibratio: 
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of  this  tympanic  membrane  startiiur  the  afferent  impulises.  In 
some  persons  tlia  niuticle  Reema  U>  he  partly  under  the  dominion 
of  the  will,  since  a  peculiar  crackling  noise  which  these  persons 
can  produce  at  pleasure  appears  to  be  caused  by  contraction  of 
the  tensor  tympani. 

The  stapedius  is  a  small  muscle  imbedded  in  the  bone  of  the 
median  wall  of  the  tympanum,  the  tendon  issuing  by  a  hole 
close  to  the  fenestra  ovulis  (Fig.  171  St.')  and  being  inserted  into 
the  bend  of  the  Ht«pe»  (Fig-  177  ST).  It  is  supposed  to  rvgu* 
laU;  the  movements  of  th«  stapes,  and  especially  U>  prevent  ihe 
foot-plate  being  driven  too  far  into  the  fenestra  ovalis  during 
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1.  The  «nd  of  th»  ahktt  ol  ibu  incus.  3.  Its  tapuistoa  or  o*  otblcalarvb 
V.  The  tLrtlcular  rartit.itn'  of  thu  anuv^.  3.  Tbu  capltulum  of  Um  aUpc*.  3'.  lu 
tuticuUr  oartilagv.  4.  Tbi>  hoopKof  [huitApi-i.  6.  The  foat-plaI«  o(  the  sUixm. 
fi'.   It*  iuIIcuIm  cbrtiiogu.     0.   The  membrane  of  the  tenenni  i>valu. 

ST.  Tho  tendon  o(  the  BUtpedJiu  muscla  atUcbod  to  th»  capltulum  of  th* 


lai^  or  sudden  movements  of  the  tympanic  membrane.  Coa- 
tnictions  of  the  muscle  pull  the  front  part  of  tlie  sla[W(tial  foot- 
plate towards  the  tj-mpnnum,  the  hind  part  being  thereby 
prrascd  Homcwtint  into  the  lab^Tinth  ana  the  whole  mem- 
branous rinw  round  the  foot  being  rendered  more  tense ;  but 
the  total  effect  is  to  diminisli  the  pressure  in  the  labyrinth. 
It  perhaps  may  be  regarded  as  the  antagonist  of  the  tensor 
tympani.     It  is  governed  by  fibres  from  the  facial  nerve. 

§  618.  The  cavity  of  tne  tyramnum  is,  as  we  have  seen, 
continuous  with  the  Euatnchian  tube.  The  walls  of  the  tube  in 
the  fust  third  of  it^  length  adjoining  the  tympanum  are  osseous, 
but  in  the  remaining  two-thirds  are  cartilaginous  and  mem- 
branous. The  tube,  whuse  lumen  in  of  varying  diameter  and 
special  ithape,  passes  obliquely  forwards,  downwards,  and  to- 
wards the  median  line  (Fig.  171,  Jl.t.)  to  open  at  the  side 
of  the   upper  part   of   the   pharynx-     1'he  mucous  membmne 
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UdId^  the  tube  consults  of  a  ciliat«d  opitbulium  resting  on  a 
dermis  rich  in  reticular  atid  adviiuid  tissue,  and  bcuring  glandii. 
The  actioQ  of  the  cilia  is  such  that  th«  movement  which  they 
effoot  18  directed  from  the  tyiiijianum  to  the  pharj-ux-  The 
mucous  membrane  linine  the  tymjmnum  is  a  oontitmation  of 
that  lining  the  tube  and,  like  that,  ciliated  except  over  llw 
tympanic  monihrane.  the  chain  of  ossicles,  and  probably  some 
other  parts;  in  these  situations  tho  epithelium  conaistA  of  a 
single  layer  of  fiat  non-cihaled  cells,  and  a  similar  epithelium 
lines  the  antrum  mid  mastoid  ci^lls  which  continue  the  cavity  of 
the  tympanum  backwards  and  upwards. 

One  use  of  the  Eustachian  tulte  is  to  carry  dovn  to  tlie 
pharynx  the  fluid,  normally  very  Amall  in  amount,  which  is 
secreted  by  the  mucous  lining  of  the  tympanum,  but  a  fai-  more 
important  use  is  that  of  placing  the  air  in  the  tympanum  in 
communication  with  that  in  the  pharynx  and  so  with  the 
external  air,  by  which  moans  the  pivssiire  on  the  two  sides  of 
the  tyuipaiiii;  membrane  is  eipialized.  If  as  happens  sometimes 
the  ttihe  is  definitely  closed,  the  absorption  of  the  gases  in  the 
air  at  flrat  present  in  the  tympanum  diminishes  the  pressure  ou 
the  inner  side  of  the  tympanic  membrane,  and  so  interferes  with 
the  vibrations  of  the  membrane.  Moreover  it  is  desirable  that 
general  changes  of  pressure  in  the  oxtenial  atmosphere  should 
be  rapidly  followed  by  corresponding  clianges  in  the  pressure 
within  the  tympanum,  since  the  tympanic  mvmbruuc  would  not 
vibrate  normally  if  any  marked  dinerence  of  pressure  on  the 
two  sides  were  brought  about :  and  this  would  result  if  the  way 
from  the  tympanum  to  the  external  air  through  the  tube  wen) 
blocked. 

The  lumen  of  the  tulw  has  in  it*  lower  part  the  form  of  an 
obliquely  vertical  slit,  the  sides  touching  or  neuriy  so;  and 
much  dispute  has  taken  place  as  to  whether  thu  tube  is  nor- 
mally closed  or  ojien.  It  is  undoubtedly  oi)ened  during  the  act 
of  swallowing,  and  during  the  act,  by  tlie  action  of  cerUiin  mus- 
cles of  the  palate,  air  is  forced  up  into  the  tympanum.  It  may 
be  opened  also  by  a  forced  inspu-ation  or  a  forced  expiration 
when  the  nose  and  mouth  are  kept  closed ;  in  the  former  case 
the  pressure  of  the  air  in  the  tympanum  is  diminished,  in  the 
latter  case  increased.  Although  under  normal  circumstances 
the  lumen  U  so  far  patent  as  to  allow  the  escape  of  the  fluid 
driven  by  the  cilia,  the  evidence  goes  to  shew  that  it  is  prac- 
cally  closed;  sounds  for  instance  generat«d  in  the  pharynx  do 
not  throw  the  tympanic  membrane  into  vibrations  in  such  a 
way  OS  they  would  do  if  the  tube  were  thoroughly  oiMn. 
Apparently  the  occasional  opening,  such  as  that  effected  by 
swallowing,  i»  sufhcient  to  keep  the  pressure  within  the  tym- 
panum  at  its  projMjr  level.  When  the  general  pressure  of 'the 
external  atmosphere  is  rapidly  increased  or  dimiuished,  t«mpo- 
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lary  deafness,  especially  to  low  sotes,  frequently  ensues,  in  con- 
sequence of  the  pressure  within  the  tympanum  not  following 
the  changes  of  the  pressure  without.  This  however  is  soon 
remedied  by  the  act  of  swallowing,  which  opens  the  tube  and 
thus  equalizes  the  pressure. 

An  abnormal  permanency  in  the  closure  of  the  tube  is  recog- 
nized as  a  cause  of  deafness,  and  may  be  remedied  by  catheter- 
ism  of  the  tube,  that  is  to  say,  opening  up  the  tube  oy  passing 
an  instrument  into  it  from  the  pharynx. 


SEC.  2.    ON  AUDITOEY  SENSATIONS. 


§  619.  The  vibrations  whicli  we  call  sound  nro  trarunutteil 
as  we  have  seen  to  the  perilymph  tlirough  the  feaeatm  oralis, 
by  Dieans  of  tlie  tympatiic  membrane  and  chain  of  otniclea. 
The  vibrations  of  tlie  perilymph  in  aome  way  or  other,  by  help 
of  the  auditory  epithelium,  give  rise  in  the  fibres  of  the  audi- 
tory nerve  to  auditory  impulses,  and  these  reaching  the  brain 
are  developed  into  auditory  sensations.  Bofon>  we  attempt  to 
consider  how  the  vibrations  of  the  perilymph  thus  j^'ive  ruo  to 
authtory  impuUes  it  will  be  convenient  to  adopt  the  plan  which 
we  pursued  in  the  case  of  vision,  and  to  deal  first  with  soma 
of  the  leading  characters  of  auditory  sensations  such  as  can  be 
ascertained  by  psychological  methods. 

We  readily  recognize  two  classes  of  senttations;  the  objective 
causes  of  the  one  class  we  speak  of  as  noitet.  those  of  the  other 
class  as  musical  »ound».  When  we  inquiro  into  the  physical 
features  of  the  two  classes  we  find  that  thv  vibrations  which 
constitute  a  musical  sound  are  repeated  at  regular  intervals, 
and  thus  possess  a  marked  periodicity  or  rhythm.  When  no 
marked  penodicity  is  present  in  the  vibrations,  when  the  repeti- 
tion of  the  several  vibrations  is  irregular,  tlie  sensation  produced 
is  that  of  a  noise.  There  is  however  no  abrupt  line  between 
the  two.  Between  n  pure  and  simple  musical  sound  produced 
by  a  series  of  vibrations  each  of  which  has  exactly  the  same 
period,  and  a  liarsh  noise  in  which  no  cousccutivo  vibrations  are 
alike,  there  >ire  numerous  intermediate  stages.  Much  irregu- 
larity may  present  itself  in  a  series  of  soundis  called  music,  and ' 
ill  some  of  the  roughest  noises  the  regular  repetition  of  one  or 
more  vibrations  may  be  easily  recognized.  Still  it  will  be  desii^ 
able  to  consider  the  two  classes  as  distinct,  and  it  will  be  COn-, 
venient  to  deal  first  with  miisical  sounds. 

§  680,     The  sensations  which  are  produced  by  musical  sound   , 
possess  three  marked  characters.     In  the  first  place  our  andi'^ 
tory  seiisationu,  like  uur  other  sensations,  may  be  more  or 
intense ;  and  the  character  in  n  musical  sound  which  correspoat 
to  the  intensity  of  the  sensation  we  call  loudneii.    This  is  dctt 
mined  by  the  amplitude  of   the  vibrations,  by  the  amoi 
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vnagy  which  is  expended  in  produAin^  Ute  vihratoiT  move- 
mants;  the  greater  thtt  dUturbance  of  the  a)r(nr  other  medium) 
the  loudtT  the  sound.  Using  the  term  'wave'  to  deiiole  tho 
uhikmctcre  of  the  vihnitions,  the  loudiiess  of  u  sound  is  iudioutcd 
hy  the  htiifkt  of  the  wuvc. 

In  the  second  pUcc  we  recngiiizv  a  cliuracler  which  we  call 
pitch.  This  is  deteiRiined  by  the  fre<|ueiicy  of  repetition  of  the 
vihrntiotia,  by  the  time  taken  uji  by  each  \ihration  ;  the  greater 
the  number  of  consecutive  vihrntimis  which  fall  upon  the  ear  in 
a  second,  the  shorter  the  time  of  each  vibration,  the  higher  tho 
pitch.  HencL-  the  pitch  of  a  sound  is  indicated  by  tlie  Ifiujth  ot 
the  wavv,  a  low  note  havinjc;  a  lonp.  n  high  imtu  u  sliort  wave- 
leiit;th.  We  are  able  to  distinijuish  a  whole  series  of  nuuticul 
Koundx  of  different  pitch,  from  the  lowest  to  the  highest  audible 
note. 

In  the  third  plaee,  we  dltttincuitth  miLstcal  sounds  by  what  is 
usually  called  their  •lualitii  (^t  hit  are);  the  same  note  sounded  on 
a  piano  and  on  a  violin  jn-oducea  verj'  different  sensations  even 
though  the  two  instruments  gW^  rise  to  vibrations  having  the 
Kiunu  periixl  of  repetition.  This  arises  from  thv  fact  that  the 
niusical  KountU  ^iieruted  by  most  musical  instruments  are  not 
simple  but  (compound  vibration ;  the  instrument  seU  jjoing  in 
tlie  surrounding  air  not  one  iterie^  only  of  vibrationtt  of  one 
wave-length,  but  sever.il  series  of  difTerent  wave-lengths;  as  we 
shall  see  however,  the  several  vihnitions  travel  through  the  air. 
not  as  a  group  of  waves  but  as  one  compound  wave.  When  tho 
note  C  in  the  boss  clef  is  struck  on  thu  piano,  and  wo  an»U'z« 
the  total  sound,  wo  find  that  it  can  bo  I'csolvcd  partly  into  a 
jteries  of  vibnitions  with  a  period  characteristic  of  the  pure  tone 
of  C  of  tlie  bass  clef,  and  partly  inlo  other  series  of  vibrations 
with  period:*  chaiacteriMtic  of  the  C  in  the  octave  aliove  (middle 
C).  of  the  G  above  that,  of  the  C  of  ihe  next  octave,  and  of  the 
E  above  that.  And  the  .sensation  which  we  associate  with  the 
sound  of  the  C  in  the  boss  clef  on  the  piano  is  determined  hy 
the  characters  of  the  complex  vibration  arising  out  of  theM 
several  conslitutvnt  simple  vibrations.  Almost  nil  musical 
sounds  are  thus  composed  of  what  is  called  a/utflamental  tant 
accompanied  by  a  numlxir  of  partial  toit«a.  When  a  violin 
string  irives  out  a  musicid  note,  the  fundamental  tone  is  pro- 
duced by  the  string  vibrating  along  its  whole  length,  tlie  pai^ 
tial  tones  by  the  string  vibrating  at  the  same  time  in  segments 
or  definite  parts  of  the  whole  length  ;  and  so  with  other  instrn- 
ments ;  hence  tJie  name  '  partiar*  Since  these  partial  tonea 
have  a  higher  pitch  than  the  fundamental  tone  they  are  fi»- 
quently  spnkvn  of  as '  partial  upportonos  or  overtones '  or  simply 
.OS  '  ovrrtoues.'  The  partial  tones  vary  in  numlier  and  relative 
nrominenoe  in  different  instruments  and  tlius  give  rise  to  a  dif- 
ference in  the  sensation  caused  by  the  whole  sound.     Ilenca 
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while  a  'tone*  is  a  sing\e  series  at  simple  vibrations,  a  'note* 
mny  In;  iiud  generally  is  u  numWr  of  sui-ios  of  different  vibra* ' 
tiuris  ocuurriag  together.     Wbilu  the  fuiidiunctitul  toiio  deter- 
mines  tlic  pitch  of  a  note,  the  qua4ity  of  the  note  is  determuiud 
by  the  iiiimher  and  relative  prominence  of  tJie  partial  tones. 

§  621.  In  much  the  same  ^vay  that  rays  of  light  of  moral 
than  or  of  leas  tlian  a  certain  wave-length  are  incajmble  of  ex-i 
citing  tlie  retina,  our  vision  being  limited  to  the  range  of  thaj 
%TsibTe  spectrum,  waves  of  sound  of  more  tlian  or  of  lesa  thaa ' 
a  certain  wave-length  are  unable  to  affect  the  ear  so  as  to  pi-ty 
duco  a  sonsntion  of  sound.  Vibrations  Laving  a  recurrence 
below  about  80  a  secoud  arc  unable  to  produce  a  seiisaUoa  of 
sound;  the  note  of  the  l<3-fcct  orgAU  pipe,  8S  vibralions  a  seo-j 
ond,  gives  us  the  aensation  of  a  droning  sonnd ;  a  tone  of  4fll 
vibrations  is  quite  dlnttinct.  Some  authors  howover  place  tbe] 
limit  at  24  or  even  IS  a  second.  If  waves  of  long  wave-length] 
are  powerful  enough  we  may  feel  them  by  the  sense  of  touch,] 
though  not  by  thai  of  hearing.  What  we  have  just  said  applic 
to  vibrations  which  are  simple,  such  oh  give  rise  to  a  pure 
if  the  fundamental  tone  Is  acconipanied  by  partial  tones 
may  hear  one  or  other  of  these,  and  arc  iJius  apt  to  say  we 
the  former  when  in  reality  we  only  hear  ihe  latter.  A« 
the  limit  of  high  notes,  it  is  possible  to  hear  a  note  caused 
vibimtions  as  rapid  as  40.000  a  second ;  at  least  some  per 
have  this  power,  though  the  limit  for  most  persons  is  far  lower.i 
about  16,000.  Some  persons  hear  low  soundii  more  easily  than 
high  ones,  and  vice  vema.  This  may  be  so  pronouncea  ss  to  h 
juslify  the  subject:*  being  spoken  uf  as  deaf  to  low  or  htgli  toni:«S 
re»|H!etive]y,  a  condition  which  may  be  com[>arud  in  a  gt^'ner-il 
way  to  color  blindness.  The  range  in  different  animals  diffi-nt 
very  widely,  the  high  notes  of  the  instrument  known  as  Oalton'i 
whistle,  though  inaudible  to  man,  are  distinctly  h«ard  by  aon 
otlier  animals,  for  instance,  cats. 

The  limitations  which  are  thus  imposed  on  our  hearing  do^ 
not  wholly  correspond  to  ihc  limitations  of  our  vision.     In  the 
latter  case  the  limits  are  fixed  wholly  by  the  capacities  of  the 
retina  and  cerebral  centres  j  radiant  rays  of  longer  wavcdcnglli 
than  the  extreme  visible  i-ed  are  able  to  get  acces«  to  the  rctini 
through  the  dioptiie  apparatus  though  they  are  unable  to  excil 
visual  impulses,  or  at  least  such  visual  impulses  as  can  afTec 
consciousness.      In   the   ca^e  of  hearing,  tnough  the  auditory 
epithelium  is  probable,  like  the  retinal  structures,  limited  in  its 
powers,  narrower   Umltii   are  fixed  by  the  subeidiaiy   acoustic 
apparatus ;   the  tj-mpanic  membrane,  extensive  is  is  its  rang*- 
compared  with  that  of  most  artificial  mombTaues.  cannot  n's]>ond 
to  all  vibrations ;  and  hence  its  powcis  fix  tiio  limits  of  hearing.. 
The  reason  why  we  appreciate  lugh  notes  more  readily 
low  ones  is  proliahly  to  be  referred  to  Uie  tympanam  r 
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than  to  the  niiditory  epiUieliiim.  Ami  the  comiition  of  tlic 
tympanal  a|vparatu»  ha  aff(-<!te(l  hy  dixeasie  will  <letvriiiin<:  tliu 
reUtive  appreciation  of  low  or  lii^h  tones :  in  certAin  states  of 
the  tytnpfinum  the  ear  becomes  unusually  Bensitive  to  high  notea ; 
an  iii»taiico  of  th'ut  i»  seen  in  the  paralysis  of  the  stapedius 
mutfolv  due  to  injury  or  diseiitfe  of  the  seventh  nerve. 

§  622.  We  dwelt,  in  speaking  of  vinion,  on  our  pon-er  of 
■I^reoialing  differences  of  brighliie^  or  luniinoi«ity  ;  w«  hiivc 
a  similar  jiower  of  appreciating  differences  in  loudut^!t.s ;  and 
that  relation  between  differenced  in  the  intensity  of  the  xtimultui 
and  diffevencea  in  the  intensity  of  the  sensation,  which  we  s[>oke 
of  as  Weber's  law  (§  550),  tiolda  good  for  hearing  as  well  as 
for  vision. 

'riie  power  of  distinguishing  difference  of  pitch,  the  power 
of  rccogni/.ing  the  difference  between  two  note*  of  different 
pitt<h,  and  the  appreciation  of  the  qualitit^  of  various  niu^icul 
Hounds  which  is  built  up  on  thii<,  may  in  a  general  way  be  com- 
pAred  to  acutenesa  of  colour  vision,  it  is.  however,  veiy  differ- 
ent from  that  in  many  respects,  and  varies  much  more  widely 
than  does  that.  As  is  well  known  the  difference  in  this  power 
bftween  different  individuals,  ncconling  us  they  have  or  have 
not  u  '  nni»icAl  ear,'  is  very  great.  Some  persons,  even  though 
fairlv  sensitive  to  differences  of  loudness,  are  unable  to  distin- 
guish two  notes  differing  considembly  in  wave-length.  On  the 
other  hand  a  welUtrainect  ear  can  distingiiiith  the  <lifferenee  of  a 
single  or  even  of  a  half  vibration  a  second,  and  that  through  a 
long  range  of  notea.  As  might  be  expected  the  power  of  ap- 
preciating difference  of  pitch  is  not  tlie  same  for  all  audible 
nnips.  The  range  of  an  ordinary'  appreciation  of  tones  lies 
bflwecn  40  and  4000  vibrations  a  second.  i.e.  between  the 
lowest  buss  C  (t'l  33  vibrations)  and  the  highest  treble  C  (G*^ 
4224  viln-ations)  of  the  piano;  tone-a  aliove  and  billow  tha*e. 
even  though  audible,  are  distinguished  from  each  other  wiUi 
great  difficulty.  The  power  of  recognizing,  and  being  able  to 
name,  a  note  when  heard,  ia  an  extension  of  and  baaed  upon 
this  power  of  recognising  differences  of  pitch,  though  not  by 
iteelt  exactly  the  same  tiling. 

§  623.  We  snid,  in  speaking  of  vision  (§  5o\'),  that,  pTob> 
ably,  Heveml  undulations  falling  in  succession  ujjon  Ihe  retina 
wet*  necessary  for  the  development  of  a  visual  aenaation.  In 
like  manner,  in  order  that  a  diistinct  sensation  of  a  mnsical 
sonnd  may  be  developed,  several,  or  at  least  more  tlian  one 
wave  of  sound  must  fall  on  the  ear-  The  various  observers 
are  not  agreed  as  to  the  lower  limit  of  the  nnmber  of  vibra- 
tions necessary  in  oixler  that  the  affection  of  consciousness 
may  take  th»  form  of  a  delinite  musical  sound:  some  place 
il  at  Qtc,  others  higher,  while  it  has  been  asserted  that  two 
vibrations  are  stiftivient.      When  iIk  vibrations  ore  thus  lim- 
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it«d  in  number,  Uie  sound,  even  though  it  is  reco^ized  as  si 
mUHica]  sound,  is  not  clearly  appreciated ;  ibi  pitcli  is  not  dis- 
tinctly recognized.     In  sucn   a   case   the   rvcognitioii   may   be 
made  more  lull  aud  certuiit  by  increasing  tbu  number  of  vibra*] 
tioiix ;  in  order  that  we  may  iipprcciat^:  tlie  piU;li  of  a  Kound 
ear  mUMt  receive  a  larger  nunil)er  of  vibrations  than  are  neoe»>1 
trnry  merely  to  enable  u^  to  recognize  that  tlie  sound  U  a  detinita] 
one.     Conversely  even  when  the  vibt^tions  are  too  few  to  give . 
rUe  to  a  senHatiou  of  a  delinite  tone,  consciousness  is  not  wholly 
unaffected,  an  auditory  sensation  is  produced,  though  it  cannot 
be  called  one  of  tone.     Thi-sc  fucU  iiidicalc  the  complex  iialurv 
of  the  nervous  procesjses  which  form  the  ba»U  of  auditory  sen- 
sations; we  might  Nay  this  of  sensations  in  general,  for  siiuUu 
re.tiilts  are  oliserved  in  the  case  of  all  sensations.  | 

§  634.     As  we  said  above  C§  619)  noises  are  not  ahar[4y' 
defined  from  musical  sounds,  they  differ  only  in  being  more  com- 
plex and  less  regular  ;  atid  what  haj^  just  been  sai<l  in  resi>ect  to 
musical  sounds,  holds  guod  to  a  large  extent  for  nolsus.     Wc 
readily  distinguish,  in  noisex,  difference  of  loudni-7i«;  we  may 
aUo  in  many  cases  recognize  «  dominance  of  pilch,  due  to  the 
fact  that  among  the  multifarious  vibrations  cei'tain  groups  o£j 
vibrations  are  rejieated  ))eriodically ;  we  dUtinguish  a  rumbliu^J 
noise  in  which  vibrations  of  slow  recurrence  are  prominent  fron' 
a   harsh   shrill   noise  in   which  mpid   vibrations  are  similarly 
prominent :  we  also  recognize  qualities  in  noises,  we  diBtinguish 
one  noise  from  the  other  by  the  clmractent  of  the  predomiuant  | 
eonstituent  vibrations.    Owing  to  the  fact  to  which  we  jttst  now 
referred,  that  in  a  musical  sound  the  effect  on  consciousness  is  a 
summation  of  the  individual  effecli*  of  the  several  vibrations,  m 
are  more  sensitive  to  a  musical  sound  of  not  too  short  duration, 
than  to  a  noise  involving  an  equal  expenditure  of  energy.     On 
tJie  other  hand  the  limit  of  the  number  of  movements  neceitsary 
to  give  rise  to  a  sensation  of  noise  is  less  than  tliat  required  for 
a  musical  sound ;  a  few  vibrations  InsulBcieut  in  number  to  givo  ^ 
rise  to  tlie  sensation  of  a  lone  are  able  to  give  rise  to  an  auditory  ■ 
sensation  which  we  may  call  a  noise,  and  prolwibly  one  movcmeol 
of  the  tymiianic  membrane  miglit  if  ample  enough  give  I'mc  to 
euch  an  auditory  sensation.     Moreover  owing  to  the  very  irregu-  B 
larity  of  a  noise,  to  the  varied  character  of  Uie  constituent  molec  S 
uliir  movements,  wo  have  a  very  great  range  in  distinguishing 
vuriuns  noises ;  persons  who  havit  great  difliculty  in  detecting 
different  uolcs  can  oftbTi  readily  recognize  differences  in  noisM- 

§  625.     In  treating  of  vision  we  dwell  at  some  length  on  tlie 
phenomena  of  exhaustion  which  make  their  appearance  when  the 
stimulus  Is  continued.    These  ni'cur  in  hearing  also,  and  indeed  fl 
are  indicated  by  such  common  phrases  as  "  a  deafening  noise ;  "  B 
but  they  are  not  so  prominent  as  In  vision,  and  do  not  so  dis- 
tinctly serve  as  the  basis  for  theorotica]  discussions.     They  are 
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best  studied  by  means  of  musical  nounds,  since  with  these  owinK 
to  tlioir  vei'v  nature  the  stimulation  'm  more  uniform  than  with 
noises.  With  almost  any  note,  the  sensation  diminishes  and 
Biully  duappcars  if  the  »ound  be  maintAined  long  enough:  but 
thu  exhaiutlion  «omes  on  more  rapidly  with  high  than  with  lovr 
not«:t,  ejtpecially  witli  very  hieh  ones.  If  a  miunding  tuning- 
fork  be  h«ld  up  to  one  ear,  and  then,  just  a»  the  ftoiind  becomes 
in^ndiblu  lie  transferred  to  the  other  enr,  the  sound  may  be  dis- 
tinctly heard:  the  freali  untired  sensory  apparatus  of  the  one 
8i<k>  is  sensitive  to  the  vibrations  which  t]ic  tired  apparatus  of 
the  other  side  can  no  longer  feel.  Or,  if  the  tuning-Ioik  which 
the  tired  ear  can  no  long«r  liear,  be  replaced  by  one  vibrating 
at  the  moment  ho  far  as  can  be  arranged  with  the  name  intensity 
att  it,  but  of  distinctly  different  pitch,  this  will  be  heard;  the 
first  tuning-fork  only  tired  certain  parts  of  the  spusory  appara- 
tus, those  affected  by  vibi'ations  of  a  certain  period  characteriiitic 
of  the  pitch  of  that  tuning-fork,  but  left  untirvd  the  iiarts  of  the 
sensory  apparatus  respotiaing  to  the  vibration  of  other  periods. 
4uch  us  those  of  the  second  tuning-fork.  AgHin,  the  quality  of 
a  note  struck  on  a  musical  instrument  depends  as  we  have  seen 
on  the  presence  of  partial  tones,  having  certain  relations  to  the 
fundamental  tone.  Now,  if  immediately  before  striking  a  note 
on  an  instiument,  choosing  especially  an  instrument  whose  notes 
are  *  rich  '  by  virtue  of  the  number  or  prominence  of  the  |>artial 
tones,  wo  cause  one  of  the  partial  touc«  of  the  note  to  be  sounded 
powerfully  in  the  ear,  the  not«  when  sulKMiquently  struck  does 
not  poi(sej«8  its  full  quality;  it  appeara  'thin' or 'poor'  This 
i»  because  the  previous  sounding  of  the  [lartial  tone  has  tired 
the  particular  part  of  the  auditory  apparatus  with  which  we 
hear  the  partial  tone,  and  in  the  whole  sensation  of  the  snljBe- 
quent  full  note  the  constituent  sensation  corresponding  to  that 
particular  jurtial  tone  is  absent  or  at  least  is  below  its  normal 
intensity.  Thus  we  have  in  auditory  sonsatious  something 
analogous  to  the  "  negative  imago  "  uf  visual  sensations. 

We  do  not  in  hearing  experience  u  sensation  analogous  to 
the  visual  sensation  of  white  light,  a  aimultaneous  stiniulatioo 
of  the  apparatus  by  vibrations  oi  all  kinds,  and  cannot  therefore 
experience  an  auditory  sensation  corresponding  to  the  visua] 
sensation  of  black  ;  the  nearest  approaoh  [iei'ha[iii  to  such  a  pay- 
chological  condition  ts  that  in  which  we  are  placed  upon  the 
sudden  cessation  of  powerful  and  varied  music ;  at  sucii  times 
wo  sei-m  to  be  tlie  subject  of  a  >*  silence  which  can  be  heard." 

§  626.  As  in  tlio  case  of  visual  sensations,  so  likennse  in 
the  ca»e  of  auditonp'  sonsiitions  the  duration  of  the  sensation  is 
longer  than  that  of  the  action  of  the  stimulus,  the  auditory 
sensation  ItmUt  after  the  wares  of  sound  have  ceased  to  fall  upon 
tbe  ear.  Hence  when  two  sensations  follow  each  other  niUiin 
»  sufficiently  short  interval,  Uiey  are  fused  into  one.    Sin«<>  s 
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nioiiibfaiie,  thrown  into  vibrations  by  a  passing  Bound  may  oob^ 
tiiine  to  vibrate  after  the  sound  has  ceaaed,  we  might  jjerl 
e.tjieot  that  this  would  Ije  the  case  with  thu  tympuuic  mcml 
and  that  hence  the  interval  of  fusion  would  he  longer  in  the  cast! 
of  hearing  thiiii  In  that  of  vision,  for  in  the  Inttcrcase  wu  liavtl 
no  convsponding  behaviour  of  any  part  of  the  dioptric  apparatu*.] 
But  we  have  seen  (§  814)  that  the  acoiL-«tic  arrangenienlH  of  tti«l 
tym[>iuiuiii  very  mpidly  damp  the  tympanic  raeniorane;  and^w 
a  matter  of  fact,  the  interval  in  question  is  decidedly  shorter  in 
hearing  than   in   vision.     Visual  sensations  separated  by  lea] 
than  ^  sec.  become   fused  (§  <>52)i   hut  auditory  itcnsationsJ 
Keparute.d  by  not  more  than   ^^^  xkc.  may  ruinaiit  distinct;  U: 
two  seconds  pendulums  be  set  swinging  not  quite  in  accordJ 
with  each  itther  ami  made  to  tick,  the  tick  of  the  one  c»n  be.| 
diKtinguitihed  from  that  nf  the  other  even  when  they  differ  il 
time  hy  not  mnre  than  ,  Jf,  sec. 

§  627.     When  two  notes  are  sounded  at  the  same  time 
two  sound  waves    (wc  may  suppose  the  iiutcs  to  be  pure  or 
consisting  of  a  fundamental  tone  only  without  i>artial  touea) 
not  travel  as  Iwo  »ep!trnte  waves,  but  are  compounded  us 
have  abeady  said,  inlit  a  single  wave,  the  charaoCera  of  whicll 
will  depend  on  the  rr-lative  characters  of  the  two  coiistituent^l 
If  the  two  notes  have  the  same  period,  that  is  to  say  are  ides 
tical.  the  effect  will  be  simply  an  increase  in  amplitude;  the 
compound  wave  %vill  have  ita  cresta  higher,  and  its   trougli* 
deeper  than  those  of  either  of  the  single  waves,  but  will  othep^f 
wise  be  like  both  of  them.     If  two  tuning-forks  of  exactly  the" 
same  pitub  be  struck,  the  sensation  which  we  experience  Ls  ttie 
same  as  that  which  we  expcHence  from  either  of  tbem  alone, 
only  more  intense;  the  .sound  in  louder. 

If,  liowever.  the  two  tuning-forks  are  not  of  the  same  pitch* 
hilt  so  related  that  the  period  of  viliration  of  the  one  is  not  an 
exact  multiple  of  that  of  the  other,  the  sensation  which  we 
cxperienci)  when  the  two  sound  together  has  certain  marked 
features.  We  hear  a  sound  which  is  the  i'ffect  on  our  oar  of 
tlie  compouTid  wave  formed  out  of  the  two  waves;  but  the 
sound  is  not  uniforiii  in  intensity.  As  we  listen  (he  sound  w 
heard  now  to  grow  louder  and  then  to  grow  fainter  or  even  uH 
die  away,  but  soon  U^  revive  again,  and  once  more  to  fall  awa^^l 
thus  rising  and  falling  at  regular  intervals,  the  rhythmic  change 
being  either  from  sound  to  actual  silence  or  from  a  louder  aoum " 
to  a  fainter  one.  Such  variations  of  intensity  are  due  to  the  f 
that,  owing  to  the  difference  of  pitch,  the  rilsatory  impulses 
the  two  sounds  do  not  exactly  correspond  in  lime.  Since  tb 
vibration  period,  the  time  during  wbicli  a  particle  is  making  an 
excursion,  moving  a  certain  distance  in  one  direction  and  iheii 
returning,  is  shorter  in  one  sound  than  in  the  other,  it  is  obvious 
that  the  vibrationn  l>elonging  to  one  sound  %nU  so  to  speak 
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ahead  of  those  belonging  to  tho  othur;  bence  a  time  will  come 
when,  white  the  impulse  of  one  soiiitd  is  tending  to  drive  a 
particlu  in  one  diri^ctiun,  say  forwanLs.  the  impulM  of  titc  other 
sound  \»  tending  to  drive  the  same  fiarticle  in  the  other  direo> 
tion,  Ixickward.t.  The  result  is  that  the  pnrtiole  will  not  move, 
or  «t11  not  move  so  much  ax  if  it  were  subjett  to  one  impulse 
only,  btill  less  to  hoth  impuhtcs  acting  in  the  same  direction; 
the  vibrations  of  tha  particle  will  bo  stopped  or  lessened,  and 
the  sensntion  of  sound  to  which  its  viliratious  are  giving  rtse 
will  be  wnnting  or  diminished ;  the  one  sound  has  more  or  less 
completely  neuii-ali/,ed  or  "interfered  "  with  the  other,  the  erc«t 
of  the  wave  of  one  sound  ha8  more  or  lesH  coincided  with  the 
trough  of  the  wave  of  the  other  sound.  Conversely  at  anotlmr 
time,  the  two  impulses  will  bo  actin?  in  the  same  tiirection  on 
the  same  particle,  the  movements  of  the  particle  will  be  inteo- 
siticd,  and  the  sound  will  he  augmented.  And  the  one  condition 
will  pass  gradually  into  the  other.  The  repetitions  of  increased 
inlen^ity  thu»  brought  about  are  spoken  of  as  beat». 

The  length  of  the  interval  at  which  the  beats  recur  will 
depend  on  the  diflfeivnce  of  penod  of  tlte  two  sounds  in  n-lation 
to  the  actuid  period  or  pitch  of  each-  It  may  be  stated  genei^ 
ally  that  the  number  of  heats  in  a  second  is  equal  to  tJie  diffei^ 
ence  between  the  number  of  vibrations  per  second  of  the  two 
sounds;  thus  two  vorv  low  pitchud  tuning-forks,  vibrating 
respectively  at  64  and  ^2  a  second,  will  give  8  Iteats  a  M-oont^ 
and  two  very  high  pitched  timing-forks,  vibrating  respectively 
at  4224  and  4~r)2  a,  necond,  \vill  give  ii28  beats  a  second;  but  in 
this  respect  there  are  complications  which  we  cannot  consider 
here. 

Beats  are  produced  when  the  periods  of  the  coincident  souoda 
are  not  exact  multiples  of  each  other.  When  the  periods  are 
exact  multiples  no  beats  occur;  two  tuning-forks,  for  instance, 
the  period  of  one  of  which  is  exactly  double  that  of  the  otlier, 
give  ri-SrC  to  no  beats  when  sounding  togetlier;  and  so  in  other 
instances. 

By  beats  then  a  eontintions  musical  sound  may  be  broken 
ap  into  a  series  of  discontinuous  sounds.  When  the  beats  are 
repeated  a  few  times  only  in  a  second  the  discontinuous  sounds 
give  rise  to  discontinuous  .sensations;  we  hear  the  separate  beats. 
But  if  the  beats  are  repeated  sufficiently  rapidly  the  successive 
sensations  arc  fused  in  one.  we  cease  to  hear  the  beats  as  such, 
though  we  have  other  evidence  that  the  bt^'ats  continue  to  bu 
produced.  Just  as  a  series  of  simpio  vibrations  when  repeated 
sufficiently  rapirlly,  say  40  times  a  second,  gives  rise,  by  summa- 
tion, to  a  single  musical  sound,  to  a  tone,  so  a  series  of  groups  of 
vibrations,  each  group  corresponding  to  the  interval  between  two 
beats,  gives  rise  when  the  groups  follow  each  other  rapidly,  by 
a  similar  summation,  to  a  continuous. sensation.     And,  though 
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tbc  matter  is  one  wliicli  has  been  much  disputed, ,the  evtden«9| 
seems  to  shew  that  the  coatmuous  sensation  thus  produced  U  i\ 
mimical  sound,  a  tone,  which  hns  been  called  a  "beat-tone," 
whose  pitch  is  determined  by  the  number  of  bcutfi  repeated  in  a  i 
second. 

The  rapidity  however  with  which  beats  must  be  repeated  ia] 
order  to  give  rise  to  a  continuous  sensatiun,  is  dilTerunt  from 
that  with  wliich  single  vibrations  must  be  reueated  in  ortlcrt4< 
give  rise  to  a  musical  sound.     Beat»  repeated  'AO  or  40  times  t\ 
second  are  readily  distinguished  as  such;  it  is  not  until  they 
reach  a  rapidity  of  repetition  of  about  132  a  second  that  they 
cease  to  be  distinctly  recognized.     Before  they  disappear  or  as 
thoy  disappear,  at  the  time  when  they  can  no  longer  be  recog- 
nized as  Hcparate  beats,  but  have  not  as  yet  become  fused  into  i 
a  completely   continuous   »cnsatioii,   they   give   to   the   sound 
which  they  accompany  a  peculiar  quality,  a  particular  rougli-' 
ness  and  harshness.     This  (iiinlity  if  excessive  is  disagreeablftj 
to  the  ear  ;  we  speak  of  it  as  dissonance.  I 

From  wliat  has  been  said  it  is  obvious  that  when  a  piece  oCJ 
music  is  played  on  an  instrument  and  still  more  when  it  ii' 
played,  as  in  a  concert,  on  several  instruments  of  different 
kinds,  the  disturbance  in  the  air,  and  the  consequent  vibraticms^ 
of  the  tympanic  membrane  and  of  the  perilymph,  are  in  tfatfl 
highest  degi'ce  complex.  If  the  dislurbtince  has  certain 
characters,  the  Hound  gives  us  pleasure,  if  other  characters 
we  regard  the  sound  act  disagreeable ;  and  it  is  found  that  the 
disagreeable  features  of  music  are  associated  with  the  presence 
of  beats,  and  still  more  with  the  presence  of  that  ill-detined 
roughness  which,  as  we  said  just  now,  is  tlie  characteristic  of 
beats  when,  through  rapidity  of  repetition,  they  are  about  to 
disappear.  At  the  same  time  there  are  reasons  for  thinking 
that  it  is  the  prominence  rather  than  the  mere  presence  of  this 
element  which  offends  the  ear.  that  the  element  is  a  neccssaij 
ingredient  of  effective  iiinsic,  and  that  even  the  very  quality 
of  a  musical  sound  is  dependent  in  jjart  on  a  certain  minute 
admixture  of  vibrations  disagreeing  in  period  with  the  fundi 
mental  tone  and  with  the  regular  partial  tones.  But  thia  is  : 
matter  into  which  we  cannot  enter  here ;  we  have  referred 
it  because  it  illustrates  the  extreme  complexity  of  the  proc 
which  underlie  our  suiistitions  of  sound. 


SEC.  3.    ON  THE   DEVELOPMENT  OF   AUDITORY 
IMPULSES. 


§  628.  We  may  now  turn  for  a  little  while  to  the  obscure 
question.  How  tlio  vibrations  of  the  perilymph  give  rise  to  audi- 
tory impulses  and  so  to  auditory  suiisHtioiis. 

In  speaking  of  the  OiSsicles  (§  (ila)  w<r  gavo  reasons  for 
thinking  that  tlie  vibrations  of  th«  tympanic  nicmbrane  are 
carried  onward  by  the  chain  of  oasinlea  awingjrif;  tu  u  whole, 
aitd  not  conveyed  through  the  chain  from  molecule  to  molecule. 
A  airoilar  an;ument  may  be  apnlied  to  the  perilymph.  The 
dimensions  of  the  whole  labyrintn  compared  with  Uie  length  of 
the  waves  of  sound  are  so  minuto  that  molecular  vibrations 
may  be  neglected.  Moreover  the  walls  of  the  labyrinth  may, 
as  a  whole,  be  regarded  ait  aljKulutvl}'  rigid  so  tb»t,  the  peri- 
lymph being  incomnrewiible,  eatrh  blow  givi^n  at  the  fenestra 
ovalia  ii  ti'anamilt«a  instlantaneoiL'ily  through  the  whole  mass 
of  perilymph ;  the  lliiid  driven  in  by  the  inward  thrust  of  tho 
fttapi-!*  hiui  to  lind  room  for  itself  elsewhere,  and  that  room  i» 
furninhed  by  the  outward  bulge  of  the  membrane  of  the  fenes- 
tra rotunda,  for  we  may  neglect  other  means  of  escape  such  as 
the  lymph  spaces  around  the  endolymphatic  duct,  the  nerves 
and  Oie  blood  vessels.  Hence  at  each  movement  of  the  stapea 
the  whole  mass  of  the  perilymph  swings  bodily,  the  membrane 
of  fenostni  rotunda  moving  outwards  and  inwards  at  Die  same 
instant  that  the  stapes  moves  inwards  and  outwards ;  and  each 
such  nia.sS'Viliralion  of  the  perilymph  repeats  the  characters  of 
the  vibration  of  the  ossicles  and  tympanic  membrane,  of  which 
it  is  the  continuation. 

As  they  sweep  over  the  vestibule,  those  vibrations  are  com- 
municated through  the  walls  of  the  enclotu^  membranous  laby- 
rinth to  tho  endolymph.  Tlie  vibrations  uf  the  endolymph,  or 
of  tlic  walls  themselves,  affect  in  some  way  or  other  the  audi- 
torj-  epithelium  of  tbtf  three  cristie  and  the  two  mneuia-. 

The  vibrations  iilso  travel  from  the  ve-stibule  into  the  scala 
TCAtibuli  of  the  cochlea,  ascending  the  spiral  from  below  up- 
vards.     As  they  ascend  they  are  transmitted  across  the  mem- 
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brane  of  Reissner,  the  endolynijih  of  the  caiialtit  coclil«Ari«,  uiu 
the  basilai'  meinlnane  to  the  scaU  lynijiaiii,  aiid  ao  i-eavti  thu  feat 
ti-a  rotunda.  The  bulk  of  the  vibraliona  ascending  llie 
veHtibuli  thus  reach  the  scula  tympani  by  crossing  the  canald 
cochltaris,  and  in  so  crossing  affoct  in  some  way  or  othej 
the  auditory  epithelium  of  the-  organ  of  Corli;  it  is  probablj 
only  a  remnant  which  at  tht;  summit  of  tlio  spiral  passes  tf 
rectly  fiotn  the  oao  sottla  to  the  other.  Thw  u-aturvs  of  A 
basilar  membrane  point,  to  its  being  readily  thrown  into  vibra- 
tions, and  we  may  conclude  that  IJie  vibmtions  started  al  ihu 
fenestra  ovalia  and  transmitted  fram  the  iicala  vestibuli  to  the 
Kcala  tympani  throw  the  basilar  membrane  into  corresponding 
vibrations.  By  the  vibrations  of  the  basilar  membrane,  or  by  a 
more  direct  action  of  the  vibrations  of  the  endolympL.  the  au- 
ditory epithelium  is  »o  ufTccled  as  to  give  lisv  to  auditory  im- 
pulses. M 
We  now  come  upon  matters  of  no  little  difficulty.  We  have  V 
seen  reasou  to  tliink  that  the  eighth  nerve  serves  as  the  chan- 
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Fio.  178.    The  MKMBitANoni  IjnrnTicTn  C'  tiib  Bicvr  E«b}  ii  »««* 
moH  MiovR,  UAaHinicn  *ii  niitii.     (After  Ri'txiiUL) 

The  buny  eDvelope  hits  bei^n  wholly  remnviiil  from  tho  vontibulor  dtTJs*' 
but  nnly  in  [wirt  broken  tlir(iU){Ii  i[i  llie  coclilv&r  divisii^n. 

rAt  thp  cochlpn,  fhl'  the  firnl  purl  of  l!ie  biwnl  whorl,  chl"  Uie  mtnmtl. 
tb«  riiilil.  wiiere  tbe  bony  wiUI  hiw  bt\r.ti  brnkoD  thrnugh,  arc  teea :  l.qi 
■pfral  tamUm,  nkb  tbe  basilar  ntembnine,  li/.rp  Uio  »plnl  ll^mcnt. 

n  av4  tfas  auditory  nerve,  Ifing  alongHide  of  which  ia  bmo  VU,  ibe  MTO' 
facial  aerva. 

m.i  miu^ula  of  ilie  saciriiK     ni.ii  tnaculaof  Uieniricle.    (r.j>  the  crista  of  t 
poslcrlor  Mimkinrular  cuii.-il.  witli  r.a-p  Lbe  brauoli  ol  Oxe  auiUtOt^r  Di^rw  il 
trlbuUHJ  to  II,  cr.»  crina  of  th(.>  napt-'rior  CMiul  niih  rjt.f  iu  o«tt«.    aK  ampuL 
and  cr.A  crlaUt  of  tbti  horlxnnial  cnnal,  with  r,ah  it>  ncnc. 

X  tb«con. 
with  C.U.*  it* 
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ijoluad  poKU-rior  au<l  supe; 
jnneUon  with  Ui«  utricle. 


irior  cauabt.    if -a  dnctsa  endolyBiphatiau^' 
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net  for  impulses  other  tlian  autUtorv  impulses,  for  impulsea 
which  take  purt  in  th<!  dovL-lopmciit  of,  ami  in  the  maintenance 
of,  tilt!  seiiKA  of  equilihriuiii.  Wu  htivv  further  »cim  rt-aHou  to 
tliink  that  tii«  whole  of  the  vestibular  ilivi«iuii  of  the  uurvv.  tho 
part  which  is  connectett  with  the  miiRuIm  of  ch«  utricle  and  sae- 
uule  (Figs.  178, 179)  as  well  as  the  part  which  is  connected  with 
the  oristje  of  the  semicircular  caiiaU,  actn  in  this  way.  But  th«re 
is  no  reason  to  think  that,  in  the  higher  auitnala  poaseesing  a 


ASC~. 


^aso 


J-r 


^Esa 


Fio.  ITS.    The  Mbhbkikol's  LAtiTHiiiTH  axd  tut  ExiiDfoa  or  ths  AfitiTDBf 

Nkbvk. 

Th«  flgxire  U  wholly  illnfnunmRtic,  nnd  U  InUi^dacrd  u  girlnK  a  almplcr  vt«w 
of  tbe  (iMf^Uiil  paK8  of  Fi|t.  178 ;  it  atiouli]  b«  UMd  ovAy  in  coiiJuocUoa  witb  tbat. 

U.  utricle.  S.  aaixvAf.  A.S.C.  Saperior  (orminioc),  P.S.C.  jKwMriur, 
n.S.C.  horiixintiil,  acRilclrculxr  canal*. 

Coeh.  Thii  ranallH  cnchlearbt  reprmenUd  ah  a  nibn  panlall;  iiiiroll«d.  e. 
cualls  rmnlPiM,  joltiiiijt  tlie  attecnle  wSUi  Uie  c&tiall»  cochlearis.  a.v.  dDrtus 
nudoljiDphaEJcivt.  slii-wmi;  fu  origtn  Irmu  both  aacculi)  awl  utriole,  and  tl* 
dilated  tUind  i-nd,  the  mccus  cndnlymphatiRUi. 

A.  y.  'I'hn  niulilnry  n»rvo  onillni;  In  llip  rrifltjp  of  thr  nmptilln,  tn  the  macnto 
of  the  ntrlcle  »ii>)  xaccule.  aud  aloiiji  ilie  whole  leiifflh  of  tJie  conalls  oocUearia. 
'rht*  branch  at  thr  vvulibultir  divinion  uf  the  ut-rre  mdiu^  ia  tlie  Htocnlp  renwiu 
la  cIdhc  contact  vriili  the  cochli'itr  divUicm.  lunger  tbkii  doe*  the  mt  »f  the  veMl- 
bulnr  divlijoii  nndiu^  in  thn  iitrlrlp  and  ampiillK  (tho  branch  to  the  poolorior 
cftnal  should  hitT«  been  i«pre«eiit«d  an  lylii^C  in  contact  Willi  Uiu  u>  ibe  tacciile), 

well-developed  cochlea,  the  cochlear  di%'i«ion  of  th«  nerre,  dift- 
tributcd  sok-ly  to  the  cochlea, [ifts  any  such  function;  thi»  dirw- 
ion  of  the  nerve  sccmH  to  carry  auditory  impulses  only.  We 
may  therefore  in  the  firet  instance  confine  ourselves  to  the  coch- 
lea exclusively.  Now  in  the  cochlea  the  coanectjoo  of  the 
fibres  of  tlie  auditory  nerve  oeema  tn  be  exclusivelv  limited  to 
tlie  bair-celbi.  inner  and  outer;  and  we  may  conclutte  tliat  these 
liair-cella  art?  in  Boine  way  or  other  concerned  in  tho  devcloi>- 
mcut  of  auditory  impulses.  Thin  view  is  supported  by  the  anal- 
ogy of  vision;  for  wc  have  suxa  mason  to  think  that  vi.iuul 
impulses  begin  in  tho  rods  and  corics,  which  like  the  lutircells  are 

C4 


Flo.  160,     UiAOKAK  or  A  TKjkSdVBiiaB  HECnoK  or  *  Waoai,  op  tuk  Coom 

Bee.  BcaU  VcMitmli.     Sc  T.  8cnlii  Tympuif.    C-elit.  Cni*U«  cocbb«Tb 

n.aud.  suidlirirT  nnne.     Gp.gp.  Spinil  Ki'nKlioii-     jCiuta.ip,  lAOBtlHt 
lb.  llmbus.     L.r.  labium  vvstlbulsnj.     Lt,  labium  tympuiii.     m.S.  Bwmbnaa  i 
Kp<wii«r.     Lv  'p-  spirnl   ligAincut.      SIr.t.  atris  vimniUris-      Ory.C.  OiitU 
C'urti.     m.'j-  biiMlar  mrmbniin.    (.(.  Ijmpbatle  rjilthcUoid  llalnjcof  tbc  ~ 
uitiiibritriR  on  tbc  cympaalc  side.    nbl.  wcurUl  mcnitirau*. 
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which  tlioy  ui'o  brou^'lit  nbuul?  To  these  questions  wo  cno  at 
in-eseiit  give  im  Miilisfaclory  aiwwur  «t  all.  Any  nlU'mpt  to 
aiiHwei'  tlieni  Icrads  ns  at  once  into  npeciilationit.  Thi?  roil-like 
appeiidaeeu  of  the  baii'-cells,  the  so-caJlecl  bairs  (Figs.  181,  182) 
are  too  ^ort  and  uniform,  to  permit  us  to  »uppose  tliat  they  ai-o 
vibrating  organs  nwponding  by  their  vibnitious  to  the  vibrations 
of  (he  perilymph  and  so  bringing  Uioho  vibration*  to  bear  on  the 
sulMtancd  of  the  huir-culU.  Th«  vibnitious  tiiul  their  way,  so  to 
spealc,  to  tli«  hair-culls  in  some  oUmr  way.  The  membrana  toc- 
torift  (Figs.  180, 181,  m.t.y  has  the  aspect  of  an  organ  serving  to 
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Flo.  IBI.    DuoBAM  Of  INS  OKi>tx  «r  CoHTi.    (Afier  Hettlna.) 

i.r.  inoer  rod  ol  Corti,  o.r.  oQWr  toA  of  Coni, 

Ch.c.  Innnr  tialr-cell*,  n.«.  Uio  Rronp  nl  diicIpI  lH>D»th  It.  o.K^.  outer  bair- 
iwll,  or  Mil  of  Curti,  ol  ilie  lint  luw,  e.  D.  iu  twlu  cell  of  l>ril«ni ;  (our  rows  <if 
tbeM  (wUi  QvlLi  are  «bemi. 

n.aud.  Ibe  auilllon'  nerve  p«rtortil!nK  Uie  tympuilc  1i|i  li,  and  loll  to  Tiew 
amon^  Ibfl  auclei  Ix-ui-nth  Uie  Inavr  haii-ci^ll.  Utp-n.  tile  uini-r  cpirtl  «nuid  of 
Di^rvivfibrUlK.  t.*p.n.  the  npintl  Ktruid  o(  tho  tunnoL  o^j^.i.  tho  outer  iiptial 
Mnuid  belonging  10  tli*  &m  row  of  ouiar  hati^cellB ;  tli«  threo  meoMdlnK  ^ilral 
arand*  twloiiiiliiiE  to  tlie  ihrw  olhtr  rowa  am  also  sbewn.  Nerve-fibtiUv  ais 
nlwiWQ  ■trei«liln|[  nuliaJljr  aoroM  Uie  tuimcL 

i/.c.  Hi'DM-n'ft  cell*.  Clx.  ClMidtus  oelU.  111.&.  InsUar  membtane,  (t.  lym- 
plulic  upithdioid  lining  ot  the  builu  mnnhnne.  011  the  kide  tovruthi  the  KaJla 
tj'mpacl.  ta.ip.  apiml  lignmcnt.  «'.  oclln  lining  tlm  aplnl  sroove,  ovcttang  tqr 
t  V.  the  vcHtibiUM  Up,  m-C  the  tectorial  memtoanc ;  a  tri^gineBl  of  ll  U  m<B 
torn  Irom  the  n«t  and  xUiamit  to  tho  orgaa  of  Cortl  Jon  ooulda  the  oatennMI 
row  of  outer  ha[r-«ella. 


'  damp '  the  vibmtions  of  the  ba.silar  membrane,  and  the  h«ira  of 
the  hair-cells  may  perhapA  rather  :%erve  the  pur|>ose  of  bringing 
their  damping  action  to  bear  directlv  on  the  subEtance  of  the 
bair-celU ;  for  the  membrane  iu  questioa  comes  down  into  direct 
contact  with  them.  We  may  further  suppose  that  in  tlie  de- 
velopment of  auditory  impuUcH.  tliv  pvculinr  rods  of  Corti  (Fig. 
182)  play  some  special  part.  But  coneerning  all  these  maltent 
wv  uiii  at  piv^-nt  do  hardly  mote  than  make  guesses,  and  tho^e 
unprolititble  on*:s. 


1012     FUNCTIONS  OF  THE  ORGAX  OF  CORTI.    [Booa  utA 

One  point  deserves  mention.  We  sawrcasonto  think  (§  573)1 
tJiat  visual  impulsejs  caimot  be  generated  in  the  optic  fibretJ 
otJienvme  thim  through  thu  intervention  of  the  nstinul  struc-l 
tures;  in  the  .il^iinoc  of  the  retinu  an  animal  i»  wholly  bUiid-J 
In  pig«on».  Iiowwer,  fiom  which  the  lubyrinths  of  both  ears  ham 
been  cTilirt^ly  removed,  a  certain  apparent  power  of  respond 
KOunds  lias  been  observed;  the  animals  still  seemed  to  hear^l 
And  it  has  been  contended  that  surh  cas«<  are  instances  of  the 
mere  libres  of  the  auditory  nerve  apart  from  their  special  tenni-J 
nations  being  sensitive  to  the  vibratioiis  of  sound ;  it  Is  suggested ! 
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Fid.  182.    Diaosam  or  thb  comTirDum  op  trb  Oboam  op  Coin.     (Afw 

Keielua.) 

A.  Inner  bi^r-cclls.    A',  the  bvad  nccn  (rum  abave. 

B.  Innvr,  B'.  outer  rod  of  Corll,  ph.  (in  each)  ptittluigu  proow*. 

C.  Tlie  twin  outtr  h^r-wll.  C.c.  tell  »t  Ckirti.  h.  itt  awUtoij  bura, 
nui^leuB.  X.  Uensdi's  body.  Dx,  cell  o[  Dl-Uitk,  n'.  iU  uudcuc,  ph.p.  lu 
Uiigiir  process,  Jtl.  the  cuticulur  filnment,  m.b.  b»lUr  niDinbniie,  m.r.  ivUci 

mciiibr.iiie. 

C.  The  head  of  the  ci^ll  of  Cortl  m  rcm)  tram  aboT^. 

O.  The  orgnn  of  Cnrll  wi-n  from  nborc.    i.h.c.  the  boiiU  ol  Ibe  inner  halr- 
cfitls.     Ir.h.  Ilit^  hnnil  nnd  plinlFiiiKnr  pr»M-j»  of  tli*  Innvr  rod.     o.r.IL  the  faeail] 
ot  iheoutor  rod,  ■wii]\  ph^.  11*  pVinlnii^iir  procMs,  eoTBrvl  u>  fh«  leit  lutfid  by  thai 
iiioer  rodii.  but  iiiifovtiivd  lo  (Jie  right.     oA.c,  the  betuHt  ol  the  e<lU  ot  Cot 
sup|>i>necl  by  tht  riiiL.t  ut  ihe  reiiculatti  mtmbnuie.    fth.  oa»  of  Ui«  pholaaga:  ■ 
the  retlculaie  mciubruic. 
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that  the  tibrcH  arc  ilircctly  sUmulatficl  by  the  vibrutioQs  passing 
through  tbu  boui'.  in  aiimls  of  wliicb  tho  fibres  Uu.  Sach  a  con- 
clusion presents  gruil  difficulties;  we  shall  hiivc  to  refer  to  it 
again  Uu-r  on. 

§  629.  I^eaving  this  view  for  the  present  on  one  si<k>,  iind 
assuming  that  the  waves  of  sound  are  converted  into  Aiiililory 
ini]<tilses  by  mcniisi  of  th«  hair-cells,  we  may  now  tuni  to  another 
question,  also  one  of  gicnt  difficulty.  How  do  the  different 
vibrations  which  determine  the  nature  of  different  aoundit  .ho 
differently  nffet-t  the  lmir-c«lls  tm  to  give  rim  to  seusaiiona  of 
corre*j»oiiiliiig  <li(Tcn?iiCM?  A  complex  sound,  i^)nsi;stiiig  of  vi- 
brations of  more  Utaii  ont!  period,  travels  as  we  liuvu  suid,  not  as 
a  group  of  discrete  waves,  each  corresponding  to  r  vibnition  of 
a  particular  period,  but  as  a  complex  wave  in  which  the  siuiplu 
waves  are  compounded  into  one;  and  the  vibrations  of  the  tyni- 
iianic  membrane,  followed  by  the  vibrations  of  the  perilymph, 
have  the  same  composit<!  chnraotvr.  Wlien  for  instance  a  note 
is  sung,  or  sounded  on  a  musical  instruments  the  air  in  the  ex- 
ternal auditory  piuusage  is  not  the  subject  of  one  set  of  waves 
corresponding  to  the  fnndamt^ntnl  tone,  and  of  other  sets  corre- 
spontling  to  the  several  partial  tones,  hut  \ibi-ateit  in  the  pattern 
of  one  composite  wave :  the  tympanic  membrane  executes  one 
complex  vibration,  and  a  corresponding  single  complex  vibi-a> 
tion  excites  the  auditory  epithelium.  And  this  holds  good  not 
for  a  single  sound  only  but  for  a  mixture  of  sounds.  We  can 
in  a  clumsy  way  take  a  gi^phic  record  of  the  vibrations  of  a 
deati  tyniptiiiic  membrane,  by  attachinga  marker  to  the  stapes; 
could  we  t»ke  an  adequate  record  of  the  movements  of  the 
living  tympftDum  of  one  of  tlie  audience  at  a  concert,  we 
sliould  obtain  a  curve,  a  phonogram,  which  thougti  a  single 
eurve  only  would  be  on  the  one  hand  a  record  of  the  multi* 
tudinous  vibrations  of  the  concert,  and  on  the  other  hand  a 
picture  of  the  actual  blows  with  which  the  perilymph  had 
struck  the  auditory  epithelium. 

Xuw.  whatever  he  the  exact  nature  of  the  process  by  which 
the  ribnitionH  of  tho  perilymph  give  rise  to  auditory  impuW-s. 
we  may  consider  it  as  pruuihlu  that,  in  giving  rise  to  those 
impulses,  the  complex  vibration  is  aiialyze<l  ai^in  into  its  con- 
stituent simple  vibrations,  that  the  vibi-ttioii.>  sl;irt  afit-sh  so  to 
speak  in  the  auditory  epithelium,  marshalled  in  the  same  array 
as  that  in  which  they  started  from  tlie  sounding  instrumenta, 
BB  if  the  auditory  epithelium  itself  constituted  the  band  playing 
the  music.  And  indeed  that  something  of  thb  kind  does  take 
place  is  indicated  by  the  fact  timt  an  adequately  si':nailivo  ear 
dui  in  a  musical  sound  detect  one  or  more  of  the  purtial  tonev 
as  distinct  from  the  funditmcntal  tone,  or  still  more  e^isily  caa 
in  a  mixed  concert  detect  the  several  notus  of  the  several  instru- 
ments, though  as  we  have  just  said  in  the  movements  of  tbs 
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Qmipanic  membmne,  all  tlie  constituent  factors  are  merged  into 
one  complex  sweep.  We  may  conclude  theu  that  we  poasest 
some  means  of  atiatyziug  the  coniposite  waves  of  sound  which 
swet'p  through  the  perilymph,  aud  uf  sorting  out  their  constitu- 
ent vibrations. 

Tht;re  13  at  hand  a  simple  and  easy  physical  method  of  ana- 
lyzing composite  sounds.  If  a  person  standing  before  an  o]wii 
pianoforte,  the  loud  [)edal  lieing  held  down,  sings  out  any  note, 
it  will  be  observed  that  a  number  of  the  strings  of  the  pianoforte 
will  be  thrown  into  vibration,  and  on  examination  it  will  be  found 
that  those  strings  which  arc  thus  sot  going  corri^pond  in  pi(c!i 
to  the  fundamental  tonu  and  to  tho  scvuml  partial  tones  of  the 
note  Binijj.  Tlie  not«  .siine  reaches  the  strings  as  a  oomplev 
wave,  but  the  strings  aie  able  to  anal,VT.e  the  wave  into  its  con- 
atituent  vibrations,  each  string  caking  up  those  vibrations  and 
those  vibrations  only  which  belong  to  the  tone  given  forth  by 
itself  when  struck.  If  we  suppose  that  each  terminal  fibril  or 
each  group  of  librils  of  the  auditory  ncrvo  is  connected  with  a 
terminol  organ  so  far  like  a  pianoforte-string  that  it  will  readily 
vibrato  in  response  to  a  series  of  vibrating  impulses  of  a  gi%tiii 
period  and  to  none  other,  and  that  we  possei<.'«  a  nuntber  of  such 
terminal  organs  sufUci en t  for  the  analysis  of  all  the  sounds  which  h 
we  can  analyze,  and  that  eacli  tenninal  organ  so  affected  by  |nr-  ^ 
ticular  vibrations  gives  rise  to  a  sensory  impiUse  and  thus  sup- 
plies the  basts  for  a  sensation  of  a  distinct  character  —  if  ivo 
suppose  these  organs  to  exist,  our  appreciation  of  sounds  ia  in  fl 
part  explained.  " 

When  the  rods  of  Corti  were  first  discovered,  it  was  tLougfal 
that  they  were  aiiecially  connected  with  the  nerve  fibres,  and 
served  ineohanioally  to  stininlat^  the  fibrils  pa-«sing  along  their 
limbs,  by  striking  them  after  the  fashion  of  minnt«  hamnen. 
Since  these  rods,  to  whose  sUiking  resemblance  to  the  keys  of  a 
pianoforto  wo  luivo  already  called  attention,  are  arranged  in  a 
long  scries  the  members  of  whicli  vary  regularly  in  the  length 
and  in  the  span  of  their  nroh,  from  the  bottom  to  the  top  of  tlie 
spiral,  it  was  supposed  tliat  each  pair  would  vibrate  in  response 
to  a  particular  tone,  and  hence  that  the  whole  seriM  served  for 
the  analysis  of  sound. 

But  this  view  proved  untenable.  Whatever  purpose  they 
serve,  the  rods  of  Corti  pmduce  their  effeot.  not  by  acting  di- 
rectly on  nerve  fibrils,  but  by  contributing  in  some  way  or  other 
to  the  play  of  the  hair-cells;  and,  whatever  be  the  way  In  which 
they  intervene,  they  do  not  vary  in  length  and  arrangement 
along  the  spiral  to  such  an  extent  as  llie  above  view  demands. 
Moreover,  they  are  wholly  absent  from  the  rudimentary  cochlea  ■ 
of  birds,  though  these  creatures  very  clearly  can  appreeiat«  mU'V 
sical  sounds.  This  last  fact  proves  indubitably  that  tlie  rods  in 
question  arc  not  absolutely  essential  for  the  recognition  of  ton&s. 
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since  it  in  in  the  higliest  degiiee  improliable  tbat  birds  are  able 
to  recogmr.e  Unies  in  some  uiiuiimr  ubsolutoly  tUffurent  from 
tliiit  emplovod  by  inumnials. 

Ill  the  fjic-u  u^  ibvsu  difficulties  it  has  been  suggested  tbat  ths 
iKiKiliir  niembmne,  which  is  present  in  birdt  a»  w«ll  as  in  nium- 
iniilit.  nnd  whirh,  heing  tonsts  i-adially  but  lootte  longiuidinully. 
i.i^.  along  the  spiral  of  tbe  cochlea,  may  be  considered  us  con- 
Ptrttiiig  fif  a  number  of  parallel  radial  strings,  each  capable  of 
independent  vibrations,  is  the  sought-for  organ  of  analysis;  for 
it  may  be  shewn  mathennilicully  that  a  membrane  so  striMched 
in  one  direclion  only  is  c-Hpuble  of  vibmting  in  such  a  manner. 
And  the  radial  dimensions  of  lliv  basilar  membrane  increasing 
as  they  do  upwards  from  the  botloin  of  the  spiiul  to  near  ihe 
top  give  a  much  greater  range  of  difference  than  do  the  rods  of 
Corti.  Acconliiig  to  this  view,  when  a  composite  vibration 
sweeps  along  the  coi^hlea  it  throws  into  sympathetic  vibrations 
those  small  portions  and  those  portions  only  of  the  basilar  mem- 
brane, the  vibrations  of  which  corrL-smiid  to  tbe  single  vibra- 
tions of  which  the  composite  vibration  is  made  up;  and  the 
vibrations  in  turn  so  affect  the  overlying  structures,  that  audi- 
torv  impulses  are  generated  in  particular  gronji-s  of  fibriU  of  the 
auditory  nerve.  These  auditory  inipuUes  reaching  tbe  brain 
give  rise  to  a  cnrrespondinff  sensali<m  of  a  particular  sound. 

But  the  dimensions  of  even  tbe  basilar  membrane  do' not 
seem  wboUv  adeouate  for  tbe  purpose ;  since  tbe  latest  meas- 
urements snow  that  in  man  its  range  is  very  limited.  If  wo 
take  the  whole  width  of  tlie  membrane,  the  range  is  from  '21  mm, 
at  the  base  to  '86  min.  at  the  top,  though  if  we  talce  the  s]K-cially 
nxKlilicd  imrt  reaching  from  the  outer  feet  of  the  rods  to  the 
spiral  ligament,  we  get  a  wider  range,  namely,  from  -075  mm. 
at  the  base  to  -12()  mm.  at  the  top.  On  the  other  hand  the  esti- 
mated number  of  radial  tibres  of  the  membrane  is  very  large, 
£4,000 ;  and  even  if  we  suppose  that  several  fibres  always  vibrate 
together,  this  would  still  leave  smnti  thousands  of  groupe  ol 
strings,  each  group  acting  us  an  analyzer. 

In  the  prcjiciit  state  oT  our  knowle<lge  tbe  whole  matter  must 
be  left  as  uncertain.  Kvcn  if  the  l)aailar  memhrane  aet«  in  some 
such  way  act  suggested,  the  other  structures  in  the  auditor)*  epithe- 
lium present  probltmis  as  yet  insoluble.  The  true  fanction  of  the 
rods  of  Corti  and  of  the  reticulate  membrane  of  which  these  form 
a  part,  of  the'celU  of  Deiters.  of  the  inner  hair^cells  as  distin- 

f;uished  from  tbo  out4ir  hair-c«Ils,  as  well  as  the  reaxoii  there  are 
our  rows  of  the  latttr  (whcrcbj-  probably  the  effect  of  thi;  vibru- 
tions  of  a  group  of  the  basilar  fibres  is  increajted)  and  only  one 
of  tlie  forniei',  all  these  are  aa  yet  merely  questions  which  can- 
not be  answered. 

§  630.  Even  admitting  that,  in  some  way  or  another,  aets 
of  vibrations  or,  to  use  a  more  general  term,  seta  of  molecular 
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movements  aro  started  in  tlie  autlitor^-  cpUlieliiim.  in  more  or 
leas  complete  con'es)>oii(leiicu  with  tht-  suts  uf  vibrations  which 
orisinate  from  the  niii^iatl  instrumuiil  or  other  sounding  boily. 
and  admitting  further  tJiat  each  act  nf  such  molecular  move- 
ments in  the  auditory  epithelium  HtArta  a  particular  nervous 
impulse  in  a  tibril  or  iii  a,  set  of  fibrils  of  tlie  nuditotv 
nerve,  we  are  very  far  from  having  solved  the  proUem  of 
hearing. 

It  must  be  borne  in  mind  that  making  the  fullest  aUowance 
for  tho  lusislance  afforded  us  by  the  organ  of  Corti.  the  appre- 
ciation of  any  sound  is  ultimately  a  psycuical  act.  Tlie  analysis 
of  the  vibations  by  help  of  the  basilar  membrane  or  ot]terwu»e 
is  flimply  preliminary  to  a  Hynthe»is  of  the  auditory  impulites  »n 
generated  iuto  a  complex  sensation.  We  do  not  receive  a  diit- 
unct  series  of  specific  auditory  impulses  i-esulting  in  a  specific  M 
sensation  for  every  possible  vuriation  in  the  wave-length  of  sono-  ■ 
rous  vihnitiouH  any  more  than  we  receive  ft  distinct  series  of 
8{)eeifie  visual  impulses  for  every  possible  ware-length  of  lumi-  ^ 
nous  vibrations,  in  each  cose  we  have  probably  a  uumber  of  fl 
primary  Rensations,  from  the  various  mingling  of  which,  in  dif- 
lerent  pi-oportiona,  our  varied  complex  sensations  arise ;  but 
there  is  this  difference  between  the  eye  aiid  the  ear  that  wtierea* 
in  the  former  tho  number  of  primary  sensations  api>ears  lo  be 
limited  to  three  or  at  loiist  to  six,  in  the  latter  the  number  is 
probably  very  large ;  what  the  exact  number  is  has  not  at  pres- 
ent been  even  suggested.  Our  appreciation  of  a  sound  is  at  bot- 
tom an  appreciation  of  the  combined  effect  proiluccd  by  the 
relative  intensities  to  which  the  primary  auditory  sensations 
are,  with  the  help  of  tlie  organ  of  Corti,  excited  by  the  sound. 
The  appreciation  and  the  subjective  analysis  of  sounds  Lt  nlti* 
matcly  a  psychical  process ;  and  though  there  are  individual 
differences  iu  tho  structural  finish  and  physical  capahiiitien  of 
tJie  auditory  epithelium  as  of  other  mrts  of  the  ear,  the  diffei^ 
eneus  in  the  psychical  or  at  least  oerebral  jiowurs  of  individuals 
are  far  greater ;  and  "when  we  speak  of  a  musical  car  wc  really 
mean  a  musical  mind  or  a  musical  brain. 

§  631.  If  the  organ  of  Corti.  as  appears  from  the  above, 
affords  the  means  by  which  we  appreciate  tones,  it  is  evident 
tliat  by  it  aUo  wc  must  be  able  to  estimate  lou<lness,  for  the 
quality  of  a  musical  sound  is  dependent  on  the  intensity,  as 
well  as  on  the  pitch,  of  Hie  i>artinl  tones  in  relation  to  the 
fundamental  tone  and  to  each  other.  Further,  as  we  said  above 
the  distinction  between  noise  and  music  is  a  quantitative  and 
fluctuating  one;  indeed  the  tendency  of  inquiry  seems  to  shew- 
that  the  quality  or  timbre  of  a  sound,  and  it  is  this  which  »o  fl 
largely  contributes  to  the  value  of  a  sound  as  an  element  of  ' 
music,  is  iu  part  dependent  on  vibrations,  which  being  irregular, 
that  is,  having  no  exact  ainthmeticaJ  relation  to  the  fandamental 
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lotie,  may  be  spoken  of  as  noise.  But,  if  nobe  is  only  confused 
mutiio,  and  music  more  or  less  orderly  noise,  the  ooclilcn  muni 
be  a  means  of  aitjircciitUng  nois«s  as  well  sm  musical  sounds. 

We  mny  tJicrufori;  reject  tlic  view  which  has  been  put  fom'aril 
by  some  that  while  by  th«  cochlea  wu  appreciuto  musical  sounds, 
our  knovrh-dge  of  nni«e»  is  gained  by  auditory  iuipulsca  rvaching 
us  thronj^h  the  re»libiile. 

Are  we  to  conclude  then  that  the  vestibule  liiis  nrtlhing  to 
do  with  hearing,  is  concerned  only  with  equiiibiium  ?  A  oeriiiin 
support  is  given  to  this  view  by  cases  in  man  where  deafnewt 
aeenis  to  have  been  duo  to  discikie  confuted  to  the  cochlea:  and 
in  iininiiils  deafness  is  said  to  have  been  produ<r«d  by  division  of 
thu  cochlear  nerve,  the  vestibular  nerve  being  left  intact.  More- 
over iuiiniaU  possc-'tsing  a  coi'hlea  certniidy  continue  to  lioar  uud 
to  hwir  well  after  division  of  Ixnb  vestibular  nerves;  but  tliis  is 
not  a  valid  argument  against  no  auditory  impulses  at  all  p^iss- 
ing  along  this  nerve,  since  the  cochlea  is  obviously  adequate  bj- 
itself  for  ordinary  hearing,  and  the  loss  of  the  veMtibula  might 
simply  entail  in  t]ie  cbaravt«r  of  Uic  sense  changes  too  line  to 
be  r«adily  recognized  in  a  dumb  oninuil. 

On  the  other  hand  vertebrates,  lower  in  the  scale  than  birds 
and  reptili'41,  nanielv,  fitthos,  though  they  have  a  well-developed 
vestibul.tr  labyrintb,  posseaa  either  no  cochlea  at  all  or  the 
men^t  trace  of  one,  and  yet  undoubtedly  are  the  subject  of 
auditory  sensations,  in  some  cases  of  acute  sensations.  Tluj 
evidence  that  Ushcs  hear  seems  irresistible,  they  are  said  to 
respond  to  musical  sounds :  and  yet  those  who  hold  the  views 
just  explained  are  driven  to  muintaiit  either  that  fishes  do 
not  hear  in  the  true  sense  of  Uie  word  but  only  feel  vibra- 
tions, or  that  ibey  hear  by  means  of  an  insignilicaiit  fmgiuent 
of  their  relatively  large  vestibule.  The  structure  of  tne  pis- 
ci])e  and  amphibian  vestibular  auditory  epithelium  ia  in  the 
main  putting  aside  smaller  matters,  such  as  the  length  of 
the  anditory  liaim,  the  size  and  abundance  of  otoliths  and  oto- 
conia and  the  like,  so  identical  with  that  of  birds  and  reptiles 
and  of  mammals,  that  it  is  inipossible  to  re«iat  tlie  conclusion 
that  it  series  the  same  purpose  in  all  the  several  clave*-  In 
birds  and  reptiles  the  short  nidimentar^-  nearly  straight  tubular 
cochlea  possossses  a  short  basilar  membrane,  an  auditor)-  epithe- 
lium in  which  a  distinction  of  outer  and  inner  hair-cella  is  fore, 
shadowed,  and  a  tectorial  membmne.  But  if  we  are  to  suppose 
that  tlu'se  civaUire-s  receive  auditory  impulses  exclusively  from 
tin-  eochlpa,  and  none  at  all  from  the  vestibule,  it  is  a  matter  of 
wonder  that  the  cochlea  of  the.  for  the  m<Mt  jMrt,  dumb  croco- 
dile should  appear  almost  as  highly  develojted  as  that  of  the 
vocal  bint.  Or  again,  if  the  bird  and  reptile  already  possesiiin^ 
a  cochlea  still  denve  auditory  tieiitations  by  means  of  the  vesti- 
bitlo.  we  may  conclude  tliat  manintala  also  do  the  same. 
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'riie  ohftnges  in  the  endolymph  which  ffive  rise  to  Uie  impulaea 
afferling  «() uilihriutn,  namely  a  simple  cnatige  in  the  smount  of 
pressure  or  a  simple  shifting  of  jmsttioti.  a  simple  flowing,  are 
so  different  from  uio  changes,  the  rapid  repeated  vibrations  pro- 
duced by  sound,  tliut  it  soL'rns  penitissiblu  to  cont-uivc  of  the 
crista]  and  inoeulic  reacting  diffi;rently  towanit  tlie  two  agcuciea, 
and  so  giving  me  to  impulRes  of  different  naturus,  one  auditory 
and  the  other  not.  Tlie  value  of  the  haiis  of  the  cri^tae  and 
anipiillfB  a8  vibrating  oi^an»  have  probably  been  exag^rated ; 
among  other  things  the  medium  in  which  they  move,  tne  some- 
what viscid  endolympli,  is  unfavourable  to  vibmiions  ;  and  the 
otoliths  and  otoconia,  if  they  havu  any  relations  to  Wbratioua, 
probably  8i;rvu  as  '  dampers.'  Still  the  haini  probably  do  vibrate 
iui  the  endolympli  vibrates;  and  we  miiy  inmgiiiu  that  tliu  duuige* 
in  the  hair-t^elU  and  hence  in  the  nerve  fibres  and  hence  in  Iha 
brain  are  different  when  the  haint  are  thrown  into  »erieit  of 
vibrations  from  what  they  are  when  the  haii-sare  gently  pi««sed 
or  gently  moved.  Further  we  may  reflect  tliat  in  ourselves  tJie 
sensations  gained  by  the  cochlea  are  so  dominant,  that  we  may 
be  at  the  same  time  receiving  sensations  through  ttie  vestibule 
without  being  aware  that  we  are  doing  so;  ^ese  latter  may, 
further,  be  of  a  diffeivnl  nature  from  the  former,  and  the  vesti- 
bular hearing  of  a  tish  may  be  Kniuelhing  very  dilTerent  from 
our,  mainlr,  cochlear  hearing.  At  any  rate  we  may  hei^itiito 
to  accept  tne  view  tliat  no  auditory  impulses  travel  along  tins 
vestibular  nerve.  But  if  we  do  thus  hear  by  means  so  to  sjieak 
of  a  double  organ,  then  the  origin  and  nature  and  effects  of 
auditory  impulses  must  bo  still  more  complex  and  difficult 
than  appears  from  the  study  of  thv  cochlea  alone,  perplexing 
as  they  even  then  seem. 

Tlie  difBculties  attending  an  adequate  conception  of  the 
nature  and  origin  of  auditoiy  impuLies  are  further  increased  by 
the  following  observation.  Two  tuning-forks,  not  quite  in  uni- 
son, produce  'beats' when  they  are  sounding  together:  the  beate 
■r«  due  to  the  influence  exerted  by  one  set  of  waves  on  the  other 
set  (§  627).  But  it  is  statc^d  that,  if  the  two  forks  be  listened  li>, 
one  with  one  ear  and  the  other  with  the  other,  precautions  being 
taken  so  that  the  vibrations  rc«ching  the  one  auditory  nerve  by 
th«  one  ear,  cannot,  by  conduction  thmugii  l3ie  liones  of  the 
head  or  otherwise,  also  gain  access  to  llie  other  auditor^'  nerve, 
the  beats  are  still  heard.  This  observation,  unless  there  be 
some  hidden  fallacy  in  it.  seems  to  shew  that  the  beats  arise  in 
the  brain  itself,  that  the  iinpulse-s  travelling  along  the  auditory 
nerve  so  far  resemble  in  tbcir  natiue  and  character,  the  wavee 
of  sound  giving  ns«  to  them,  that  the  two  sct»  of  impulses 
along  the  two  nerves  meeting  in  the  brain  give  rise  to  ouats, 
just  as  do  the  two  sets  of  waves  meeting  in  the  air.  If  we  fur- 
ther couple  with  tliis  oonolu^on  the  view  referred  to  above 
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(*§  628),  that  waves  of  sound  falling  on  the  auditory  fihras 
tlieniselves  may  give  rise  to  auditory  sensations,  we  arrive  at 
the  conception  that  the  auditory  impulses  are  mere  copies  so 
to  speak  of  the  physical  sound  waves,  a  conception  which,  if 
substantiated,  would  necessitate  a  revisal  of  all  our  views  con- 
cerning nervous  impulses. 


8KC.  4.    ON   ACTHTORY  PERf^EPTIONS  AND 
JUlMiMENTS. 


5  633.  In  spite  of  the  many  and  atriktng  differences  betweeo 
the  two  tsenses,  it  is  possible  to  dniw  several  piirallL'U  between 
auditory  und  visual  setisatiotDi.  Wlicn  wc  arv  the  subject  of  a 
visuiil  sensntioii  we  refer  the  cuu»c  not  to  changes  taking  place 
in  the  rutina,  but  tu  some  liiininoui^  object  in  the  extemu  world. 
So  hIho,  when  we  are  the  subject  of  an  auditory  sensation  ire  ns 
fer  the  cause  not  to  changes  taking  place  in  the  internal  ear,  but 
to  some  sounding  Iwdy  outside  the  ear  and  in  the  vast  majority 
of  cases  to  some  souiuliiig  body  outride  ourselves.  We  do  not 
simply  feel  auditory  sensatious,  wc  perceive  soumls.  ef.  §  o81. 

We  have  seen  that  ia  tbo  case  of  the  uyc,  visual  sensations, 
excited  by  events  Uiking  place  in  the  visual  apparatus  iUelf. 
may  be  confounded  with  Bensations  excited  by  objects  in  the 
external  world .  and  much  the  same  happens  with  the  ear  aUo. 
The  tympanic  membrane  for  instance  may  be  thrown  into  vibra- 
tions not  by  waves  of  sound,  but  by  objects  coming  mechanically 
into  contact  with  it;  particles  of  the  dried  secretion  of  the  ex- 
ternal auditory  passage,  the  'wax  of  the  ear.'  pla>-iag  on  the 
tympanic  membrane,  may  give  rise  to  auditory  sensations,  a 
*  bussing'  or  'singing  in  thu  aars,'  wliich  we  cannot  by  the  mere 
psychological  examination  of  the  sene;ation«  Uiumselrus  distio- 
giii.ih  from  auditory  sensations  excited  in  the  ordinary  way  by 
sonorous  vibrations  reaching  \in  from  some  sonnding  body  Mt  a 
distance.  And  in  a  general  way,  we  may  speak  of  mMic  |>he- 
nomena.  corresponding  to  the  entoptic  phenomena  on  vltich  we 
dwelt  (§  546)  in  speaking  of  vision. 

Auditory  sensations  moreover  may  arise,  in  the  complete 
quiescence  of  the  tympanic  apparatus  and  perilymph,  as  the 
result  of  changes  either  in  the  auditory  epilhelinni  or  iu  the 
central  auditory  nervous  apparatus.  We  may  be  subject  to 
auditory  phaiUoms   or   kallucinatiom,   corresponding   to   ocular 

Shantoms  or  hallucinations,  and  like  them  often  misleading  or 
istressing.  Few  persons,  moreover,  can  listen  to  excittng 
music  or  can  hear  impressive  erios  without  experiencing  "re- 
current"  auditory  sensations. 
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§  633.  In  one  important  reapect  the  pai^llel  between  heanng 
and  sight  fails-  When  vce  see  an  object,  tlie  rstyg  of  light  roiu- 
iiig  from  thd  object  vxL-it«  a  pnrliciilcir  piirt  of  the  retinal  exgiaii- 
!(ioi)  i  ami  our  appreoiAtioti  of  tliu  {Kwition  wbicb  that  object 
holdn  it)  spH«e  is  inumtl  on  our  power  of  "-localizing"  retinal 
ch&n^eit.  The  terminal  expansion  of  the  auditory  ntrvu  how- 
ever has  no  HUch  (lelmite  relations  to  the  po^ition^  in  space  of 
objects  from  whence  sounds  are  proceeding;  we  have  no  evi- 
dence tlmt  any  particular  part  either  of  the  organ  of  Corti  or 
of  the  ninculiL-  m  alone  or  spfcially  nEfected  by  sounds  coming 
from  a  particular  quarter;  and  the  evidence  that  sounds  affect 
the  three  eri^Ue  differently  according  to  the  direction  of  tJie 
sound  is  at  least  doubtful.  Hence  we  poasciis  no  "auditorr 
field"  which  can  be  directly  compared  with  the  "visual  field:^' 
and  our  conclusions  as  to  tlie  direction  in  which  the  sounds 
which  reach  our  ears  have  travelled,  our  judgmenta  as  to  the 
position  iu  space  of  bodies  exciting  auditory  semiations  are 
formed  iu  an  indirect  manner. 

The  vast  majority  of  the  Hountls  which  we  hear  reach  the 
auditory  epithelium  by  way  of  the  tympanic  membrane  and  chain 
of  ossicles  J  even  the  sounds  which  are  eondiict«d  to  the  ear 
through  the  bones  and  liard  parts  of  the  head  mms  to  a  large 
extent  by  this  way  (§  t)16) ;  in  normal  hearing  the  auditory  sen- 
sations which  are  generated  by  vibrations  transmitted  directly 
through  the  bony  walls  of  the  labyrinth  to  llie  i>erilymph  are 
proUtuly  iriMgnificant.  Now  it  is  ouly  in  relation  to  these  latter 
that  the  diHifOsition  in  space  of  the  thrve  semicircular  canals 
can  possibly  have  any  meaning ;  tlte  vibnitions  reaching  the  peri- 
lymph by  way  of  the  tympanic  membrane,  what«ver  th«ir  orig- 
in.tl  direction,  have  all  the  name  direction  when  they  enter  at 
the  f<;nestra  oralis,  and  fall  in  the  same  way  ujion  the  three 
semicircular  canals.  We  may  therefore  conclude  that  the  posi- 
tion in  spiKi;  of  the  three  canals  in  Question  has  nothing  to  do 
with  our  ordinary  judgments  as  to  tW  direction  of  sounds.  Id 
forming  thoKe  judgnienttt  we  are  axsistvd  mainly  by  two  things. 

In  Uie  first  iilkce  a  peculiar  character  of  the  outwardnen 
which  we  attribute  to  our  iLiual  auditory  sensations,  that  by 
which  we  judge  the  sound  to  arise  not  only  outside  the  in- 
ternal ear  but  outside  our  whole  bodv.  seems,  in  some  way, 
largely  dcpeutlent  on  the  vibrations  wliich  cause  the  sensation 
having  travelled  along  the  external  auditory  passage.  If  tho 
two  paBsaees  be  filled  with  fluid  the  hearer  rvfcnt  the  sounds 
whicli  he  nears,  in  spite,  of  their  starting  at  some  distance  off, 
not  to  the  external  world  outride  himself,  but  to  the  inside  of 
his  own  head :  the  sounds  appear  to  him  to  come,  not  it  may  be 
remarked  from  tho  internal  ear  or  any  part  of  it,  but  from  the 
roof  of  tlie  mouth,  or  the  top  of  the  sKtiU  or  the  back  of  the 
head.     So  also  if  the   ear-pieces  of  a  binaural  stethoscope  bo 
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pusiu'd  well  up  into  tbe  auditory  passages,  the  sonnds  heard 
tbruUfjii  tlie  iiisli-itmeiit  seem  to  come  fi-om  the  roof  of  the  ob- 
server'!* owii  mouth. 

The  difference  between  such  an  ahnormal  mode  of  beariiig 
and  ordinary  hearing  does  not  he  in  tbt-  fact  that  in  the  former 
case  the  tympanic  membrane  ik  not  used  at  all ;  for  even  vrlieii 
the  external  passage  in  fiilcd  with  tluid,  a  layer  of  nir  which 
alwayit  adheres  to  the  tympanic  membrane  permits  at  Ica^t  a 
certain  amount  of  vibration  of  that  membrane ;  and  on  the  other 
hand  when  Uie  sound  ia  actually  genemtj^d  in  the  roof  of  the 
mouth,  and  rightly  judged  to  be  generated  there,  the  tympanic 
membrane  by  its  vibrations  conducts  the  greater  part  of  the 
sound  to  the  internal  ear.  Hon-  it  is  that  the  passage  of  tbe 
vibrations  through  the  external  pa^ssagc  imparbi  to  the  sensation 
this  attribute  of  outwardness  m  not  vlcur.  Indeed  ccrtuJn 
sounds  may  be  made  to  lose  this  jjarticular  outwan]ne:«8.  ttiough 
tbe  external  paK!<age  l)e  still  employed.  If  two  musical  soinidii 
of  the  same  pitch  be  listened  to  with  the  two  ears  separately 
by  means  or  two  telephones,  the  sound  will,  under  certain 
conditions,  appear  to  originate  somewhere  in  the  head  of  the 
observer. 

§  634.  In  the  second  place  our  appreciation  of  tliu  [tarlicular 
quarter  fixiin  which  a  sound,  recognized  by  help  of  the  uxtomal 
passage  to  be  of  outward  origin,  lias  ti-avelied  is  dependent  on 
our  using  two  ears.  As  ourordinaiy  vision  is  largely  binocular, 
80  our  ordinary  hearing  is,  to  a  still  larger  extent,  hirtaural.  In 
the  case  of  the  ear  there  are  no  sharp  limitations  to  the  range  of 
the  organ  of  either  side;  through  the  medium  of  the  air  and 
external  auditory  passage  or  of  tlie  hard  parts  of  the  head  a 
sound  which  affects  one  car  afTocU  to  a  certain  extent  the  other 
ear  also ;  hencv  all  our  hearing  i«,  uatler  oi'dinary  circunutancest 
binaui-al.  And  in  some  such  war  as  two  visual  scmsations 
exoit*d  in  "  corresponding  part-s"  ot  the  two  retinas  arc  fused 
into  one,  so  every  sound  which  reaches  us  is  heard  not  as  two 
sounds,  one  by  one  ear  and  the  other  by  the  other,  but  as  one 
sound  by  the  two  ears  together. 

When  the  .-sounding  body  is  on  one  side  of  the  head,  say  the 
right  side,  the  sensalion-s  excited  through  the  right  inu>rnal  ear 
arc  more  jmwerful  than  those  excited  through  the  left  intvmal 
ear;  we  are  not  distinctly  cnnscioim  of  the  dtflerciice  between 
the  two  sensations,  the  combined  effect  is  a  single  aensstinn; 
but  the  difference  does  affect  our  consciousness  in  a  certain 
way,  and  tliat  affection  of  consciousness  serves  as  a  basis  for  the 

i'udginent  that  the  sounding  body  is  somvwhcro  on  our  right 
land.  Heuee  we  are  able  to  judge  the  lateral  much  motv 
readily  than  the  fore  and  aft  position  of  a  soiindiiig  body.  If  a 
tuning-fork  be  held  in  the  median  vertical  plane  over  thi^  head, 
the  eyes  being  shut,  tJiough  it  is  easy  to  recognixe  it  as  Ijeitig  in 
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the  median  plitne,  it  is  very  dUBcult  to  say  whut  is  itx  i>oiut!oQ 
in  tbat  plane,  i.f.  whether  it  is  more  towards  the  fi-ont  or  back 
of  the  head.  Hence  also  a  man  who  is  absolutely  deaf  rif  one 
ear  has  great  difficulty  in  recognizing  the  direction  of  sounds. 

Furtinsr,  wlicri  wc  desire  to  judge  purticuUirly  aa  to  the 
direcUon  of  a  «ouiid,  wc  list«u  to  it,  and  in  tho  act  move  the 
head  into  the  position  in  wbioh  we  hear  t!ie  sound  most  dis- 
tinctly. In  ihiM  way  the  tnovemetiLs  of  the  head  in  hearing 
play  a  part  somewhat  analogouH  to  the  niovementii  of  the  cyca 
111  vision. 

Even  in  the  case  of  ounelveK.  and  still  more  in  the  case  of 
some  iiiiimiils,  the  form  of  the  external  car  favours  the  entrance 
into  the  meatus,  and  hence  the  access  to  the  tympanic  mem- 
brane, of  tjiiuiid^  travi^lling  in  a  j^uirticular  direction;  this  also 
a«i»tM  our  judgment  of  the  direclioii  of  sounds.  Hunce,  by 
tying  l>a(;k  the  earn  and  afHxing  ariifioial  ears,  diflfering  in  shape 
or  posilion  from  the  natural  ones,  we  may  make  false  judgments 
in  till!*  matter. 

Moreover,  in  forming  a  judgment  as  to  the  direction  of 
sounds  we  appear  to  W  guided  by  something  more  than  the 
mere  relative  intensity  of  the  soundji  falling  on  the  two  ean. 
When  a  complex  sound  emoiiutus  from  a  body  on  one  side  of  ns, 
the  constituent  vibrations  do  not  travel  equally  and  uniformly 
over  and  anMind  the  bend  ;  Rome  are  refracted  more  than  othent, 
so  that  they  do  not  reach  the  two  ears  etjually  :  and  bc:<ides 
when  they  reach  them  are  not  equally  redeeted  by  the  two 
pinriie.  In  this  way  partial  tones  of  different  pitch,  and  this 
applies  especially  to  high  tones,  reach  the  two  t\*mpanic  mem- 
branes in  unequal  intensities,  and  tliv  sound  of  whieh  they  form 
part  apjjcuni  as  heard  by  the  one  car  of  a  qnalily  slightly  differ- 
ent from  that  heaixl  by  the  other  ear  ;  thii*  djfferenev  of  quality, 
like  the  difference  in  mere  intensity  of  the  sound  as  a  whole, 
aerves  as  a  baaia  for  reeogriizing  the  direction  of  the  sound. 
Such  a  difference  will  be  more  marked  in  the  complex  sounda 
which  we  call  noises  than  in  purer  and  more  simple  musical 
Bounds;  and,  as  a  matter  of  fact,  our  appreciation  of  direction 
18  more  accurate  in  the  cai^  of  noijuis  than  of  musical  sounds. 
An  exception  to  this  rule  is  met  with  in  the  ca-M-  of  the  human 
voice,  the  direction  of  which,  though  it  in  as  a  whole  a  musical 
sotmd,  can  be  judged  better  than  even  that  of  a  noiae ;  but 
noises  enter  largely  into  tlie  human  voice,  and  besides  we  are 
much  more  practised  in  relation  to  it  than  in  relation  to  any 
other  kind  of  sound.  Alt  our  judgmenta  of  tlie  direction  of 
aountbi  are  however  at  the  best  imperfect. 

§  635.  Our  judgment  of  the  dittaiue  of  aotmds  is  even  still 
more  limited.  A  sound  whfl«o  characters  we  know  appcant  to 
lu  near  when  it  is  loud,  and  far  off  when  it  ia  fainU  A  blind- 
fold peraoR  will  be  unable  to  distinguish  between  the  difference 
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of  intenaity  prodooed  on  tiie  one  hand  hf  a  tonin^fork  beinff 
held  before  nim,  fixat  with  the  htoad  edge  o£  the  rork  towud 
him  and  then  with  the  narrow  edge,  and  the  difference  <m  the 
other  band  caused  by  the  removal  of  the  tnniug^fork  to  a  distanoe. 
And  oar  judgments  in  this  respect  may  befalw,  as  is  seen  in  the 
effects  produced  by  the  rentnloquist.  We  oan  on  the  whole 
better  appreciate  the  distanoe  of  noises  than  of  mosioal  sounds, 
differences  of  quality  as  well  as  of  intensity  playing  the  same 
part  in  the  judgment  of  distance  as  of  direction ;  when  a  sound 
becomes  distant  the  intensity  of  the  fundamental  tone  dimin- 
ishes  more  rapidly  than  do  t^ose  of  the  higher  partial  tones, 
and  hence  the  quality  <A.  the  sound  is  affeotetL 
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CHAPTER  V. 

TASTB   AND   SMELL. 

SECTION  1.    OLFAOTOKY  SENSATIONS. 

^  $36.  Particles  of  o'lunferous  mattera  pivsont  iu  thv  in- 
spired Me,  piiM-siiij;  Uiroiit;li  tliu  luwvr  iiii»aL  cbikmbcni,  diffusu 
iiiui  the  upper  nasiil  c)iiiml)eiv,  ntul  fnlliii};  on  tb«  ulfaotory 
epith«lium  produce  seiiHory  imjmUeA  which,  a-scendiii^  to  the 
bniiti,  ffive  rbe  to  HeiiKation»  of  ttmell.  If  we  aAsuine  that  the 
rod  ctnts,  and  not  the  cylinder  cells,  »re  the  special  function»l 
€-li;iuviits,  we  may  suppose  that  the  aeiiBory  impulses  are  orig- 
iuattid  by  the  cotitJict  oi  the  odoriferous  particles  with  the 
fittfl  ttndiii]^  of  thv  rod  cells:  but  tlivy  niny  bu  duv*  to  contiu:l 
with  the  cylinder  celln;  iu  either  ch»«  wc  uiv  wholly  iu  (Ik-  dark 
as  lo  ihe  niantitrr  in  which  the  cont»oi  of  the  jiarlick'i*  with  tho 
cells  briugs  aU^ut  tliu  uiolecular  ohaiiee^  constituting  a  nervnuK 
itupuUe.  We  cannot  even  say  wht^tlier  we  ouglit  to  speak  of 
tho  first  8t«p  by  which  tlie  contact  of  the  particle  begins  the 
soricx  of  cluiugvs  OS  a  chemical  or  as  a  pbysicnl  process. 

In  ncjirly  all  i^nsus  thu  odorift'rouit  pArtielesi  nn  conveyed  to 
the  membninc  in  a  gaxvous  medium,  namely,  llw  atniosplifn; ; 
but  Wfure  ihey  cim  gain  acees!*  to  the  cells  they  niUKt  liccontu 
diAiiiilvird  or  at  least  .4u.-<{)ended  in  fluid ;  for  the  wholi:  olfactory 
merol»iine  is  kept  moist  by  a  layer  of  fluid,  secreied  by  the 
glands,  and  the  odoriferous  pai'ticles  must  pass  into  this  layer 
of  (luid  before  they  can  gain  access  to  the  cvlU.  Indeed,  the 
proper  condition  of  this  laver  of  fluid  is  one  of  tbu  eMtcntial 
conditions  of  the  exorcise  oi  the  sunM;.  If  on  the  one  hand  the 
membrane  be  loo  dry,  or  if  on  ttie  other  hand  the  !<e<-rrlion  be 
too  abundant  or  altered  in  qnality,  the  jiower  <if  smelling  is 
dintininhcd  or  even  wholly  smtjiended.  It  is  a  matter  of  com- 
mon exiierience  tluit  a  nawil  catarrh  interferes  with  smell. 
When  the  nostril  is  tilled  with  rose-water  the  odour  of  ruses  is 
not  perceived;  and  simply  6lliug  tho  nostrils  with  dijililled 
water  suspends  for  a  time  all  smell,  tbu  sense  gradually  naurti* 
W  10S6 
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ing  after  tbc  water  has  been  i-eiiioved ;  tli«  wnter  appareatlr 
aais  injuriously  on  the  delicate  olfactoiT  c«ll^  If  )»»t««ii  of 
ii.siiig  ro»e  wnter,  the  roao.  »ceiit  be  dUsoIvetl  in  "normal  sdine 
Rohuian"  which  (§  14)  more  closely  resembles  the  natural 
secretion,  the  c*;1Ih  can  perform  tlioir  lunciion,  and  the  scent  is 
perceived.  The  glands  of  the  olfaclory  inenibntne  form  an 
im{M)rUtiit  subsiiliary  HppiinitiLs  for  Uio  developmcut  of  ol^toiy 
ituUMatioti^s. 

'ilie  other  siilxidiary  apparatus  of  «mell  is  exceedingly 
meagre.  By  the  foroed  naHul  inspiration,  called  sniffing,  we 
draw  air  so  forcibly  throujrh  the  nostrils  that  currents  pass  up 
into  the  upper  as  well  as  tlie  lower  nasal  ehanibers;  ami  thus  a 
nrnro  coin|>lete  contact  of  the  odorifvrwun  panicles  with  the 
olfactory  membmnu  than  that  supplied  by  merv  dilTu^Jon  i^M 
providctl  for.  ™ 

§  637.  We  have  every  reason  to  think  that  any  stinmlu* 
applied  to  the  olfactory  cells  will  produce  the  sensation  of  smell  ^m 
but  the  proof  of  this  is  not  absolutely  clear :  and  vre  have  no^ 
detinitc  evidence  as  to  what  is  the  result  of  directly  stimulating 
the  fibres  of  the  olfactory  nerve-  The  olfactory  nicnibmiie  how- 
Dvcr  i»  certainly  the  only  part  of  the  biKly  in  iihich  odoui«  as 
Bueh  can  give  ri»e  to  any  Ken»ation.s:  and  the  .sensations  to 
which  they  give  ri.te  are  always  those  of  smell.  The  mucous 
memhrnne  of  the  nose  is  however  also  an  instrument  for  llie 
development  of  afferent  impulses  other  than  the  specitic  olfac- 
tory ones.  Chemical  stimulation  of  the  niisal  mucous  meR»- 
brane  hy  pungent  i^uljstancos  such  as  iimmmiiH  gives  riso  to  a 
sensation  ihstinel  from  that  of  smell,  a  sensation  which  does  not 
afTonl  us  the  same  information  concerning  the  chemical  imtura 
of  the  stimulus,  as  does  a  real  olfactor\'  sen)>ation,  ami  which 
is  much  more  allied  to  the  sensations  protinced  by  chemical 
stimulation  of  other  surfaces  sensitive  to  chemical  action.  This 
sensation  moreover  scums  to  lie  deA'eloped  both  in  the  non- 
olfactory,  and  in  the  olfactory  regions  of  the  nasal  mucous 
membrane;  and  it  is  prolmbic  that  these  two  kinds  of  sensa- 
tions, the  one  produced  by  odours,  llio  other  by  pungent  aub- 
stanoes,  thus  arUing  in  the  olfactory  membrane  are  conveyed 
Iiy  different  nerves,  the  former  by  the  olfactory,  the  latter  by 
the  fifth  nerve. 

Each  suhstiiTiL-e  thiit  we  smell  causes  a  specilie  sensation,  and 
wc  arc  nut  only  able  to  recogntze  a  multitude  nf  distinct  odours, 
but  also  in  certiin  cases  to  distinguish  individual  odours  in  a 
mixed  smell.     And  tliough  we  may  recognize  certain  odours  asj 
more  like  to  each  other  tJian  to  other  odours,  or  can  even  m»kt 
a  rough  classification  of  odoui-s,  we  ca]inot,  as  we  can  in  the 
of  visual  colour  sensations,  reduce  our  multifarious  oWactnr 
Sensations  to  a  smaller  number  of  primary  sensations  mised  in 
various  proportions.     Nor  have  we  at  present  any  satisfactory 


irs  as^ 
inak«fl 

ed  in 

i 


F 


Chap,  v.]  TASTE  AND   SHELL.  1027 

guide  to  connect  tlie  cliatncters  of  nti  olfnctory  sennatioii  wHb 
tlic  cli<.-iitic»l  coiDititution  of  tlic  body  j^iviiig  rise  to  it- 

Tliu  »cii!iitt iijii  liilccH  some  tiinu  to  acv<!lo]>e  xfter  tlie  contact 
of  tliv  siiiniiliM  will)  the  nlfauUiry  nieuilimne,  and  may  last 
very  long.  When  tlie  stimulus  i»  repeated  the  t>ensatiou  veiy 
soon  diet*  out:  the  sennoiy  terminal  orgatia  speedily  become 
exhausted.  The  larger,  apparently,  the  surface  of  olfscton- 
mvmbrano  employed,  thia  inure  intense  tlie  sensation;  nnitnnlE 
with  m^^iitv  sL-viit  liiivu  n  pruportiunntcly  Isrgu  area  of  olfactory 
niendii'iuie.  Tli<;  greater  the  quautity  [>f  oilorifcrous  iiiaterlal 
bron}>)it  to  the  nieni)>i-nno,  tlie  more  intense  the  .leiisation  up  to 
a  certain  limit;  and  an  nlfaetometer  for  meaauriiig  olfactory 
HenantinnH  lias  l>een  constructed,  the  meiui^ui'ements  being  given 
by  the  size  of  the  su]ierticial  area,  impregnated  with  an  ouorif- 
vi-ouH  substance,  over  which  the  air  nitist  pitss  in  order  to  give 
rise  to  a  distinct  sensation.  The  litnit  of  increase  of  sensatiuu 
however  in  somi  rciiclicd,  n  minute  quantity  producing  tlie 
maxiniiini  of  itensation  and  further  increase  giving  rise  to  ex* 
haustion.  I'he  ininiiniini  quantity  of  material  required  to  prc^ 
duce  an  olfactory  sensation  may  be  in  some  cases,  as  in  that  of 
musk,  almost  immeasurably  small. 

In  ordinary  circumstances  oiloriferous  particles  reach  both 
nostrils,  and  we  receive  two  sets  of  olfacloiy  nervous  impulses, 
one  along  each  olftictory  bidb.  These  however  are  fused  into 
one  sensiition ;  our  olfnctory  seiiMntiomi  are  almost  vxcla-sivvly 
binaxitl.  When  two  different  odours  are  presented  separately 
to  the  two  nostrils,  by  meum  of  two  tittiea  for  instauce,  the 
effect  U  not  alwa>'s  tlie  same.  Sometimes  an  oscillation  of  sen- 
sation similar  to  that  s^Hiken  nf  in  binocular  vision  (§  602) 
takes  place.  At  other  times,  the  particular  result  depending  on 
the  nature  of  the  odouns  one  sensation  only  is  felt,  the  one 
sensation  wholly  destroys  the  other.  And  we  may  infer  from 
this  that  when,  m  frequcntlv  hap]H!ii»,  in  a  mixture  of  odours 
we  can  only  recogniie  one  uominaiil  odour,  the  suppression  of 
tlie  missing  sensations  is  not  due  tn  the  chemical  action  of  one 
odour  upon  another,  or  to  the  one  odour  preventing  tlie  otber 
from  acting  on  the  olfactory  cells;  but  from  a  central  cerebtal 
obliteration  of  all  the  sensations  but  otto. 

§  638.  As  in  tlie  vases  of  tlie  previous  senses,  we  project 
our  olfactAry  sensations  into  the  external  world,  the  smell  ap- 
|>enrs  to  Iw  not  in  our  nose,  but  somewhere  outttide  iis.  We 
can  judge  of  the  jMisition  of  the  odour  however  even  less  defi- 
nitely than  we  can  of  tliat  of  a  sound.  Our  chief  guide  seems 
to  be  that  we  by  turning  the  head  ascertain  in  wliich  direction 
we  experience  the  strongest  sensatiutis. 

I1iu  sen»e  of  xmell  Keeiiis  to  phiy  a  far  more  important  part  in 
tlie  lives  of  tlie  lower  animals  than  it  do<M  in  our  own  life  ;  and 
what  we  now  possess  is  probably  the  mere  remnant  nf  a  once 
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powerful  mechatiiam.  We  may  perhapH  connect  with  this  oo 
th«  one  band  the  fact  that,  even  in  ourselves,  the  olfactorv"  iil>!-e« 
have  allotted  to  them  what  is  virtually  a  whole  fiesment  of  the 
btaiii.  nitmi.'ly  thu  olfuctoiy  lobe,  und  on  thi;  other  hand  the  fact 
that  olfactory  si'nsiitionM  seem  to  liavu  an  utiusuiilly  direct  path 
to  the  inner  working  of  the  central  nervous  system.  Mental 
associfttion»  cluster  more  strongly  round  sensalion.s  of  sroell  than 
round  almoHt  anv  other  impreSHions  we  receive  from  without. 
And  powei-ful  reflex  effects  aie  very  frequent,  many  people  faint- 
ing in  consequence  of  the  contact  of  a  few  odorous  particl 
with  their  olfactory  cells. 

The  a^surtiori  tiiat  the  olfactory  nerve  is  the  nerve  of  sme 
has  hecn  di.S[iuted.  C'ltsus  have  been  recorded  of  pereons  who 
appeared  to  have  jKissessed  the  sense  of  sniull,  luid  yet  in  whom 
the  olfactory  lobes  were  found  afli^r  death  to  )je  absent.  DiiTct 
expenments  on  animaU  however  xhew  that  los-s  of  the  olfActotr 
lohoa  entails  loss  of  smelt.  On  the  other  h»nd,  it  is  stalt^-d  tliat 
auction  or  injury  of  the  fifth  nerve  causes  a  loes  of  smell  thnuijh 
thu  olfactory  nerve  remains  intact:  but  in  these  cases  it  has  not 
been  shewn  that  thu  olfactory  mcmbrune  remains  intact,  and  it 
13  quite  possible  that,  a^t  in  the  case  of  the  eye,  chanifcfi  may 
take  place  in  the  naaal  membrane  as  tlie  result  of  the  injun-  to 
the  hfth  nerve,  suDicient  to  prevent  its  performing  its  usual 
functions. 


II- 


SEa  2.    aUSTATOBY  SENSATIONS. 

§  639.  The  word  taste  is  frequently  used  when  the  word 
smell  ought  to  he  employed.  Wv  itpeak  of  '  tutting'  odorifcroiu 
EubstanccM,  such  n«  nti  onion,  «  wino,  a  savoury  dish,  and  tha 
like,  wh«n  i»  reality  tvc  only  smell  thein  a«  we  hold  them  in 
our  mouth  ;  thU  in  jimved  by  the  fnct  that  the  so-called  ta.tl«  of 
these  thinm  m  tost  when  the  noAs  is  held,  or  the  nasal  mem- 
brane renc^red  inert  by  a  catarrh.  If  the  nose  be  held  and  the 
eyes  shut,  it  ia  voiy  difficult  to  distinguuh  in  eating  between 
an  an]]Ift,  an  onion  and  a  potato;  the  thrva  may  be  rccognuied 
by  their  toxturv,  hut  not  by  their  '*ta«t«."  Mont  of  what  we 
call  '  tiavoun '  appeal  in  reality  to  the  Hense  of  smell  not  to  that 
of  ta!tt«. 

We  also  experience  by  means  of  thp  surfaces  with  which  we 
taate  sensations  other  than  those  of  taste.  We  feel  by  means  of 
the  mucous  membrane  of  the  mouth  sensations  of  the  same  kind 
as  those  which  we  feel  by  means  of  the  skin,  and  which  we  shall 
study  jirfscntly  as  tactilu  sousatioiis  or  sensations  of  pressure, 
seiuations  of  heat  and  of  cold ;  indi.>e<l  the  tactile  itcn^ntion-s  of 
the  tin  of  the  toneue  are  remnrkahly  acute.  We  aUo  ex^ieri* 
eoce  by  means  nf  the  mouth  sensations  of  pain  and  other  more 
or  less  indefinite  sensations  which  we  shall  presently  speak  of 
as  phases  of  " general  *' or  " common  sensibility;"  and  in  this 
respect  the  mucous  momWane  of  tbo  mouth  is  much  moresensi- 
tivtt  tlian  the  skin  towards  cbcmicjd  sul«taiiccs;  an  acid  for 
instance  or  other  cornn^ire  liquid,  in  such  a  coneenlnition  u 
when  appliixl  to  the  skin  pro<iuces  a  sensation  not  «8»entiallv 
different  from  that  of  mere  contact  with  an  innocuous  liquia, 
may  when  applied  to  the  moutli  produce  a  very  gainful  sensa- 
tion. Again,  when  the  interrupted  current  is  applied  to  the 
ton^e  we  not  only  feci  the  contact  of  the  electrodes  but  espe- 
ri«ncu  a  peculiar  sensation  which  is  probably  <lue  to  the  contrac- 
tions ezcitM)  by  the  current  in  thu  muscular  fibres  of  tlie  ton^e; 
we  aay  we  '*  feel  the  current." 

§  640.  Therv!  are  however  cerlnin  sensations  quite  distinct 
from  those  ju6t  mentioned  and  quite  independent  of  smell  whiob 
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we  experianpo  when  vKiious  substanoes  are  placed  in  the  mouth ; 
and  these,  which  iii-c-  tho  ^iisUtoiy  tenmtioTiK  proper,  may  be 
bi'oiuily  chissitied  iiito'ltiltcr,'  'sweet,'  'sciil'  or 'sour,' and  '»al^' 
to  wliiL-h  piThiipsshnnH  1>c  added  'metallic' and  'alkaline-'  The 
flciisatioti  of  bitterness,  such  aa  that  piixliiced  hv  quinine,  and 
the  sensation  of  sweetnesit,  snch  as  that  producer  by  sagar,  are 
very  definite  and  specifio  sensiationa;  they  appear  to  be  of  an 
order  different  from  those  of  acidity  or  souniess  and  of  saltness; 
indeed  an  ut'Id  'taste  '  is  apt  to  merge  into  an  affection  of  cen- 
cral  sensibility  meiitiiincii  above.  The  charjiolers  'mcinUic' 
and  'alkaline '  should  perliupa  he  i-egarded  as  ipiftlifyinff  one  or 
other  of  the  other  sensations  rather  than  a»  being  independent 
aensatioHK. 

In  the  ordinary  course  of  things  these  sensatinna  are  excited 
by  the  contact  of  specific  sapid  siilMtaiicea  with  the  mucous 
mcnibrniie  of  the  mouth,  the  subatiuices  acting  in  some  way  or 
other,  by  virtue  of  their  chemical  constitution,  on  the  endings 
of  the  gustatory  fihics.  When  we  tasto  quinine,  the  particles  of 
the  quinine,  we  must  suppose,  set  up  chemical  changes  in  tbo 
oelU  of  the  taste-buds  or  in  other  parttt  of  the  epithelium,  and 
by  means  of  thoite  changes  gustatory  impulses  are  startetl.  Bat 
mechanical  or  electrical  stimuli,  iu  the  absence  of  sapid  sub- 
stances, will  give  rise  to  guistatory  sensations.  When  the  tongue 
is  smartly  tapped,  in  addition  to  the  ocnsation  of  touch  or  the 
more  or  less  painful  sensation  which  miiy  be  produced,  a  sensa- 
tion, which  we  must  call  a  scn.-«ntion  of  taste,  is  developed  and 
often  lasts  for  Home  considerable  time.  If  a  constant  current 
be  applied  to  the  tongue,  sensations  of  taste  are  develojied  at 
the  two  electrodes,  that  at  the  anode  differing  from  that  at  tlw 
kathode,  and  the  exact  iiiiture  of  each  being  deiiendonl  n[>on 
the  region  of  the  mouth  stinnikited.  It  is  probable  tlial  in  this  fl 
case  elect  ml  \-si»  cither  of  the  llui'l*  covering  the  epithelium  or  " 
of  the  snItMtance  of  the  epithelial  cells  themselves  generates 
bodies  which  act  as  chemical  stimuli;  and  it  is  possible  that  tha 
mechanical  disturbance  of  the  cells,  when  the  tongue  is  tapjicd. 
also  sets  free  chemical  stimuli.  Itnt  sensations  of  taste  may  be 
provoked  by  an  interrupted  induced  current.  90  feeble  as  nut  to 
Iw  felt  as  an  electric  current,  and  so  arranged  that  Uie  make  and 
break  shocks  arc  equalized ;  in  this  cnse  there  can  l>e  little  or  no 
electrolysis,  and  we  may  infer  that  the  current  acta  in  some  way  H 
or  another  on  the  specific  nerve  cndingx.  It  is  somewbat  singii-  ^ 
lar  that  heat  when  applied  to  the  tongue  appears  not  to  produce 
any  sensations  of  taste. 

As  we  shall  jiresently  see,  the  nerve  fibres  concerned  in  laste 
belon"  either  to  the  fifth  nerve  or  to  the  g!o»«>phar\-ngeal  nerve 
or  to  l)oth  nerves.  \Vc  saw  in  dealing  with  vision  that  the  evi- 
dence as  to  whether  direct  stimulation  of  the  optic  fibres  without 
the  intervention  of  the  retinal  structure*  could  produce  visual 
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gensfttionii  wita  uncertain.  We  have  no  aatiftfactnry  en^enc« 
whatever  thai  direct  Ktimulation  of  the  gustatory  tibres  along 
their  course  in  either  the  alwvc  two  nerves  will  produce  sensa- 
tions of  tnst«.  As  far  us  \\w  livnsv  of  tiutv  is  conucriied  we 
hnvo  no  iidequntv  evtdiinoe  thut  spccitic  gustatory  imjtulscii  can 
bo  develotteci  in  the  guitlatory  Qbres  apnrt  from  changtit  in  tlie 
nvrve  enaings.  IJiit  tho  evidence  is  negative  only;  mul  the 
case  is  one  not  suited  for  experimenl,  since  both  nerves  along 
their  whole  oourne  are  mixed  nerves  containing  oilier  afferent 
fibres  than  those  of  taste. 

§  641.  It  is  cssctitiiil  for  the  development  of  taste,  that  the 
substance  to  be  tasted  bhuuld  be  dissolved;  hence,  the  value  of 
the  glands,  which  are  vspL-cinlly  abuinlant  in  the  neighbourhood 
of  ttic  tn«t«-bu(U.  Till;  etlect  U  also  increasec]  hv  friction;  and 
the  tongue  and  li[i4  may  be  regarded  as  a  snbsidiaiy  a]i|NinitU)i 
which  by  their  movements  a^sitit  in  bringing  the  saj)id  sub- 
stances into  contact  with  the  mucous  membrane  of  the  mouili. 
A  su))stanc(3  may  give  rise  to  linrdly  any  sensation  of  taste  when 
simply  placed  on  the  extended  tongue,  and  yet  excite  very  dis- 
tinct sensations  when  rubljcd  l)etwe«n  the  tongue  and  the  soft 
paUte ;  indeed  wo  gent-mlly  make  use  of  this  movement  known 
ta  "smacking  the  Ti|t3,"  when  we  dt^sire  to  obtain  strong  taste 
senaatious.  in  this  act  however  we  not  only  make  use  of  the 
most  sensitive  surfaces  and  call  in  the  aid  of  friction,  hut  we 
also  increase  the  sensation  by  employing  a  large  area  of  sensi- 
tive surface ;  for  the  larger  tlie  surface  the  more  intense  is  the 
Musation. 

The  sensation  takes  some  time  to  develope,  and  endures  for 
a  long  time,  tliough  thU  may  W  in  irnrt  due  to  tlie  slinudus 
remaining  in  contaot  with  the  terminal  organs. 

A  temjiei-ature  of  almut  40"  is  the  one  most  favourable  for 
the  production  of  the  sensation.  At  tcm|)eraturea  much  above 
or  below  this,  taste  is  much  impaired.  A  weak  solution  of  cjui- 
nine  readily  lasted  at  the  normal  temperature  of  the  mouth  is 
not  tasted  if,  inime<Iial«ly  before,  very  cold  or  very  hot  water  be 
held  in  the  mouth  for  a  little  while. 

We  may  exj>enence  at  the  same  time  coincident  taste  sensa* 
tions  of  different  kinds,  such  for  instance  as  one  of  bitterness 
with  one  of  saltness ;  hat  in  some  cases  one  sensation  interferes 
with  the  other,  as  for  ittetanco  bitterness  and  sweetness.  A 
taste  sensation  following  upon  u  previous  sensation  of  a  differ- 
ent kind,  is  frequently  influenced  by  ita  pre<lece8sor,  being 
sometimes  auginente<I,  sometimes  inhibited. 

Though  we  can  hardly  be  isaid  to  project  our  seiuiations  of 
taote  into  the  external  world,  as  we  do  those  of  sight,  hearing 
and  smell,  we  assign  to  them  no  subjective  loealization.  When 
we  phwe  qainine  in  our  mouth,  the  resulting  sensation  of  taste 
gives  us  no  informalJon  as  to  where  the  quinine  is,  tliough  we 
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iiiny  Iciirii  tlint  by  concomitant  general  sunHtiliotu  nming  in  td 
buL-vnl  mucous  mvnibniiit;.  And  it  must  )»;  rcntumbt^rud  ill. 
all  our  n»»t«tf)ry  scnssalions  arc  always  iipcompanivil  by  (.-wtiU 
orotbei-.ten^ali'iiig;  we  ilo  not.  an  in  tbe  case  of  ^Riell,  exiieii-^ 
enct-  the  sjieeilie  sensation  alon«^  and  apart  by  itself.  And  not 
iiifremiently,  !vs  wben  substances  &t  ouoe  sapid  and  pungent  are 
placed  in  the  oioulh,  the  j;encriil  scnsatiou  of  pungeacy  over- 
comes nnd  bides  tlie  xpucidc  gust4itory  utilisation,  lu  the  case 
of  ncids,  it  in  oflt'ii  uiflicult  to  diHtiii^iiisb  betwui-u  tliu  acid 
taslv  iVMil  ilw  iiioi\^  penei-al  effect  of  tbe  acid  on  the  ctmniioa 
itensibility  of  the  buccal  membmne  of  which  we  Hjioke  above 

Though  we  noasesa  a  gustatoty  apparatus  with  separate 
nerves  on  each  side  of  the  mouth  all  our  seiisiitionit  are  single. 
Nor  can  we  distinguish  a  pure  gusUvtory  HciwittJou  developed  on 
ono  side  only  from  one  developed  on  both  »idc«.  if  tiiu  two  an 
equally  intense. 

As  in  the  ease  of  the  senses  previously  dealt  with  we  may 
exjienence  subjective  gustatory  sensations,  sensations  of  centnil 
origin  duo  to  changes  in  the  central  sensory  organs  (§  oO-);^ 
and  these,  though  originated  not  by  gustatory  impulses  but  bjH 
other  events,  may  seem  to  us  identV-al  with  tboso  set  up  in  m" 
ordinary  way  by  gustatory  impulses  rcacliiug  tbe  centre  along 
iIr-  ifitslatory  (ibros. 

^  643.  Sensations  of  taste  are  not  originated,  either  by 
siipiil  .^tlbstan('es  or  otherwise,  equally  in  all  pai-tii  of  the  lining|fl 
miMobraiie  of  the  mouth.  The  part  in  which  they  are  be^^l 
developed,  and  always  deve]o|>ed  if  develo]ied  at  all.  is  the  hick 
of  the  tongue,  in  the  neighbourhood  of  tlio  circumvaUiito  ])a)iillie. 
They  arc  also  developed  at  tlie  tip  and  along  tlic  sides  of  the 
tongue,  but  to  a  variable  i;>:teiit  in  different  individuubi;  some 
persons  have  veiy  aout«  and  distinot  Uistw  seiiSAtioiis  in  thoM 
part--<.  othvi'S  little  or  none  at  all.  On  the  doi^al  surface  of  the 
middle  of  tbe  tongue  very  feeble  taste  sensations,  if  any  at  all, 
are  develojied ;  they  are  always  wholly  al>sent  from  the  under* 
surface  of  the  tongue.  Some  taste  sensations  are  also  developed 
in  the  soft  palate  and  front  surface  of  the  palatine  aix-bes:  but 
these  again  vary  much  in  distinctness  in  (liETcrcnt  individuala. 
In  tbe  cases  recorded  in  which  l^iste  remained  after  thu  entire 
extirpation  of  tbe  toiignt!  including  the  ci re iim vallate  papillio, 
the  sensations  seem  to  have  Ix-en  chielly  develo^ied  in  tlie  soft 

Ealate.  There  is  also  some  evidence  that  taste  sensations  may 
a  developed  on  the  hinder  surface  of  the  epiglottis. 
In  imiividuals  who  receive  sensations  from  all  or  several  of 
tbe  various  parti;  above  mentioned,  it  commonly  hapjiens  that 
bittvr  tiling.-^  are  most  ivailily  appreciated  at  tbe  Imck  uf  the 
tongue  and  sweet  things  at  tlie  lip;  and  this  di.^lTibution  may 
pernajis  be  considered  as  the  normal  ouu;  but  individual 
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tiona  in  this  reitpect  are  met  with :  nuinj  persons  biste  both 
bitter  unci  sweet  tilings  beat  at  the  bock  of  the  tongue;  and 
some  persons  insU:  bitter  things  quite  distinctly  at  the  tip. 
'Die  Niilt  tu»lu  ix  Miiil  to  jircvail  nt  thv  tip  and  thi;  acid  taste  at 
the  «iil«*  of  the  Unigne;  bill  mmiy  persoiii*  expL-ricnte  ncid  and 
salt  ttistett  in  those  region-s  ami  lhu««  regions  only  Ju  which  tUvy 
experience  bitter  and  sweet  tAHtca. 

We  have  already  snid  that  bitter  and  sweet  tastes  seem  to  be 
on  a  different  footing  from  acid  and  salt  tastes:  and  we  have  a 
evrt^iiii  utnount  of  cvidviicu  that  the  two  former  sensations  are 
broui^lit  about  bv  niciin^i  of  terminal  or^ns  dilfcrent  from  tboee 
by  nieantt  of  which  th«  two  Inter  are  brought  about.  !f  some 
of  tlie  letives  of  a  ploitt  which  f^ows  in  In<ha  and  U  called 
Oiftnnema  »fflpe»tre,\)e  chewed,  or  if  the  mnuth  tie  waxlied  with 
a  decoction  of  tJie  leaves,  for  some  little  lime  afterwards  bitter 
and  sweet  tastes  are  lost,  neithttr  quinine  nor  su^ar  exoitinp  the 
usual  scnsatiom;,  though  acid  and  salt  tastes  remain  tinaffL-eu-d. 
Wi;  may  interpret  l)iis  rc-tult  as  indicnting  that  the  drug  in  some 
way  or  oth«T  '  ii;inily:fe.t,'  thai  is  to  say,  nuMpeiuls  the  action  of. 
the  terminal  organs,  whatever  Uiey  may  be,  by  means  of  winch 
bitter  and  sweet  tastes  are  developed,  but  leaves  untouched 
tliose  by  which  other  gustatory  sensations  are  developed.  The 
action  of  the  same  drug  supports  the  further  conclusion  that 
the  terminal  organs  of  bitter  tastes  are  dilTeix-nt  from  those  of 
«wcel  t4i»t(.-s:  since  by  using  un  adcquiitcly  weak  dose  of  the 
drug  the  sweet  tautv  may  be  abolished  while  the  bitt«r  tasto 
remaintt  distinct. 

Indeed  it  is  probnlilo  that  lh«  distribution  of  the  eevenil 
kinds  of  tastes  over  different  re^nns  of  the  mouth,  whii>h  we 
mentioned  above,  is  dependent  on  the  distribution  of  different 
kinds  of  terminal  organs;  it  is  probable  that  we  experience 
bitter  tastes  by  means  of  the  Imclc  of  the  tongue  because  the 
t«rminal  orgiin»  of  the  bitter  ta^te  are  limited  lu,  or  at  least 
most  abundant  in,  the  Imck  of  the  tongue,  those  of  the  awoet 
taste  by  the  front  of  the  tongue  tieoaiue  the  terminal  organs 
of  the  sweet  taste  are  more  abundant  there  i  and  so  on.  if 
a  small  quantity  of  a  particular  bromine  derivative  of  the  sub- 
stance which  from  its  remarkably  sweet  taste  has  been  called 
■saccharine,'  be  placed  carefully  uii  llie  lip  of  tho  tongue,  a 
swcot  tasto  is  developed;  but  if  the  ttamu  finbttancv  l*o  carefully 
placed  on  the  back  of  the  tongue  the  result  is  not  a  sweet  but 
a  bitter  taste.  At  least  this  is  the  result  in  the  case  of  those 
individuals  who  taste  bitter  at  the  back  of,  and  sweet  at  the 
tip  of.  Ilia  tongue.  From  this  we  may  infer  that,  in  such 
tongues,  tho  specitic  tenninal  organs  of  the  sweet  taste  are 
more  or  less  complelclv  limited  to  l)»e  front,  and  those  of  the 
Utter  tastu  to  the  b»vk  of  the  timgn«,  both  sets  of  l<.Tininal 
organs  being  of  such  a  nature  tlutt  while  quinine  affects  (bo  one 
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only  and  sugar  the  nther  only,  the  subetaoce  of  which  we  a: 
npeaking  is  mWc  to  affect  both  of  tlicm.  In  n  somewliat  simlUr 
\vay  certain  siiltn,  mu^nvsiuin  sulphate  for  instancv.  when  npplied 
to  tliu  l^^ck  of  the  longuu  excit«  n  lMlt«n.-«li  tiisu>,  but  when 
applivd  to  the  tip  of  the  tongu«  exoite  an  acid  or  a  8we«tub  acid 
taste. 

We  Raid  a  little  while  back  that  a  weak  interrupted  current, 
80  applied  as  to  produce  Utile  or  no  eloctrolytic  effect,  was  a)>Ie 
to  develope  seii!)iitiona  of  tiistc.  varj'inc  in  kind  according  to  che 
region  ol  the  ton-fiic  i4tiinuiat«d.  When  the  electrodes  are 
H]>j)Iicrl  to  the  tip  of  the  tongue,  the  more  usual  rvsult  i^  thai 
lliuii^h  an  acid  t>i.^te  i»  the  most  pi-oniineiit.  »  niix^  eosutoiy 
sensation  is  developed,  in  which  a  sweet  ta»ia  inay  tie  often 
recognized  as  a  constituent.  In  like  manner  a  hitter  constitoeni 
may  bo  recognized  in  the  sensation  developed  when  the  eleo- 
trodcH  are  placitd  at  the  b:tck  of  the  tongue.  If  the  tongue  be 
pruviuunly  Tiubjcclvd  to  the  influence  of  Gymnema.  the  tasta 
at  the  tip  \*  free  from  all  8weutrie«4  and  that  at  Uic  bock  £m 
from  all  l>itterne%<,  the  aensations  which  are  tlien  expurieneod 
being  variously  dedcribad  as  simply  "metallic."  or  "salt,"  or 
"acid."  From  this  reaalt  we  may  draw  the  import-int  infer> 
ence  that  the  interrupted  current  developes  a  latter  and  a 
sweet  taste  by  acting  iu  some  way  or  other  directly  on  the 
spedfic  terminal  or;^n«  of  the  two  r(i«pL>ctivc  tastwa,  very  much 
ill  the  siirnc  manner  a:*  <lo  Iriltj-r  and  iiwoot  things. 

We  have  alivady  .said  that  when  an  acid,  especially  a  some- 
wh.it  strong  acid,  is  placed  on  the  tongue  nr  in  the  mouth,  th« 
pure  gnatatory  acid  sensation  is  apt  to  be  oonftLse<l  witli  tli« 
sensation  of  pungency,  tlic  affection  of  general  Rcnsihility  which 
the  acid  also  brings  about  and  which  sjieedily  merges  into  pain. 
Thctfu  two  sensMtioiiit  niay  Im  diffcR-iitiittcd  by  means  of  cocaine. 
If  the  tf)riguc  be  puintvd  with  ii  wwik  solution  of  coc^iinc.  the 
general  sensibility,  the  groundwork  so  to  speak  of  pain,  is  abol- 
ished, while  the  pure  gustatory  sensations  are  at  first  hanlly 
affected  at  all  i  a  relatively  strong  acid  which  previously  made 
the  tongne  "smart"  so  that  real  giistatorj'  sensations  were  ob- 
scured, now  developes  a  pure  *ricb'  acid  taste  alone.  It  is 
moreover  said  that  cocaine  applied  to  the  tongue  in  increasing 
strength  of  solution  abolishes  the  sercrftl  classes  of  sensattom 
in  the  following  order:  general  sensibility  and  pain,  bitter  taste;, 
8wcct  taste,  sail  taste,  acid  tasle,  tactile  sensations. 

Taking  all  these  facts,  and  others  which  we  might  bring 
forward,  into  consideration,  we  are  led  to  the  conolusion  that 
the  development  of  the  several  kinds  of  gustatory  senxatJoni 
depends  on  the  presence  of  specific  terminal  organs  in  the  nnr- 
fitees  by  means  of  which  we  taste.  Thci'C  appear  to  be  distinct 
terminal  urgtms  for  bitt'Cr  tastes,  for  sweet  taste;«,  for  acid  tastes, 
for  salt  tastes,  and  possibly  for  otlier  tiisteg,  tdl  differing  from 
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the  lerminal  organs  for  tnctilc  sonsatioDS,  and  from  the  sinictnres 
whatever  ihey  mny  be  which  iiru  coiicvmod  in  ^■neml  senftihility. 
Further,  wf  hiiv«  ii  ccrtiiiii  iitiunint  of  eviiUiHce  that  ihcae  ter- 
minal ormiiiv  »rf  nt  toai^t  chiefly  present  in  iho  fiin<'iftirm  and 
circunivntlaUi  i>a[iilla?.  Ity  cai-eful  nmnipnlation  il  is  |>0Hsible. 
under  a  lena.  by  means  of  a  finely  pointed  briitdi  to  limit  t}ie 
application  of  a  minute  drop  of  a  sapid  liquid,  nueh  an  syrup, 
solution  of  quinino  and  th«  Itko  to  a  xingle  papilla,  and  to 
appi-eciate  the  HcnMalion  thus  caused  before  the  material  hm  had 
timo  to  Hpreiid  by  diPfuiiion.  Wlion  this  i«  done,  it  is  found  that 
tastxi  sensations  ai-e  ri'adily  jii-odoced  if  the  sapid  substance 
be  npplietl  to  a  papilla,  but  noi  at  all  or  less  readily  if  it  be 
ajiplied  between  the  papiilie.  Further,  some  papilla;  uiv  found 
especially  sensitive  to  sweet,  or  to  bitter  or  to  acid  flul»tances, 
or  to  two  of  these  to  the  exclusion  of  the  other.  And  somewhat 
aimilar  results  are  obtainiHl  bv  a  limited  npplicatiou  of  the  electric 
current.  Siiicv  the  tivitc-bnds  arc  I'Kpcciidly  developed  on  these 
cii'cum vallate  and  fungiform  pajiilla-.  ww  nwy  infer  tliat  iJic  name 
ti)ste4)ud  has  l>een  wisely  chosen.  Hut  the  development  of  taste 
•ensationa,  including  bitter  sensational,  at  the  tip  of  the  ton^uir, 
from  which  taste-buds  arc  said  to  be  al»sent.  presents  a  difficulty. 
Unless  wo  suppose  that  tasto-butbt,  though  often  alxient  from 
tiie  tip  of  the  tongue,  um  prewntin  thos«c4ises  in  which  sensations 
are  develo|R-d,  we  must  conclude  that  gustatory  st-nsations  may 
originate  by  the  help  of  some  kind  of  nerve  ending  other  than 
tiiat  of  lasli'-biidH.  It  might  t;e  suggested  that  bitter  and  sweet 
tastes  are  developed  by  means  of  tastc-buda  and  acid  and  salt 
tastes  by  meana  of  other  endings ;  but  there  is  no  satisfactory 
evidence  of  this. 

§  643.  The  question  which  nervo  or  nerves  subserve  taste 
and  what  is  the  course  of  the  gu.slal.ory  fibi-es  is  one  ivhich  pre- 
wtiits  great  dtflicnllicii.     The  front  surface  of  the  tongue  in  sup- 

Elifd  by  the  lingual  or  gustatory  branch  of  the  tiflh  nerve,  the 
ind  surface  by  the  glossopliaryngeal  nerve,  which  nerve  also 
supplies  the  soft  palate,  though  a  branch  (palatine)  of  the  fifth 
nerve  goes  there  als*).  The  nerves  traced  to  the  taste-buda  in  the 
papiltEB  foliatu!  and  oircumvallaln.''  belong  to  the  glossophar)-n- 
geal  nerve,  and  it  can  hardly  Iw  doubted  that  gustatory  fibiBs 
run  in  the  bninches  of  that  nerve  n'hich  go  to  tlie  back  of  the 
tongue.  On  the  other  hand  in  the  oases  in  which  sensations 
are  di.4tinclly  developed  in  the  tip  of  the  tongue  we  must  infer 
that  gustatory  libres  run  in  the  lingual  branch  of  the  fifth,  since 
no  gfnssopharyngeal  fibres  are  dlstributvd  to  this  part  of  the 
tongue. 

But  it  by  no  means  follows  from  this  Ibtit  gustatory-  fibres 
pass  straight  both  np  tiie  trunk  of  the  gl«ssiipharyngc.il  nerve, 
and  up  the  trunk  of  the  fifth  nerve  to  their  res^joctive  nuclei  in 
the  bulb. 
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On  the  one  hasvX  there  19  a  good  deal  of  evidence  to  ah 
connt^ction  between  sentuitions  of  taate  and  the  cborda  tym|Aui 
nerve.  Cases  Imve  occurred  in  which  disease  of  the  ear,  invdv- 
iiig  destruction  of  the  chorda  tvmpani  within  the  tympanum, 
liiis  Ikiou  followed  by  loss  of  taste  lu  the  tons^uv  on  tiw  same 
s'nh-;  imd  slimulatiuii  of  the  eliordu  tynifiaiti  within  the  tym- 
uaitiiiii  lia«  )>i:-i;ii  known  U>  give  nsc  to  M^iiKntioiiit  of  ta^tv. 
Neither  of  these  tv»iilu  in  conclusive.  The  chonla  tymjiani 
Qoiitainn  afferent  fibre!)  which  have  a  remarkable  effect  on  tbaH 
nutritive  proceases  of  the  tongue,  and  the  loss  of  uate  due  to  ^ 
destruction  of  the  chorda  might  be  due  to  disordered  nutrition 
of  the  tongue,  and  so  bo  iinalogoua  to  the  lo!»  of  smell  which 
may  follow  injury  of  tho  fifth  nerve.  Again,  where  stiniuliition 
of  the  chorda  wilhiii  tlie  tympanum  produces  mtn^ttions  of 
tast«.  these  may  he  due  lu  efferent  Impulses  producing  changes 
in  the  tongue,  which  in  turn  give  ri.se  to  senaaticais  of  tasie 
reaching  the  brain  by  other  chunnela  than  the  chorda  iti«elf :  we 
have  no  satisfactory  evidence  that  direct  stimulatiou  of  the 
centml  stump  o£  a  divided  nhoi-dti  will  give  rise  to  sensations 
of  tAstAi.  Tlie  eonni-clion  between  the  chorda  and  taste,  how- 
ever, may  be  of  a  nioic  r«iil  kind. 

On  the  other  h:tnd  wu  must  bear  in  mind  how  varied  and 
complex  are  tlie  jnnctiniia  in  the  skull  between  the  fifth  nerre. 
the  seventh  nerve,  and  the  glassopharyngeal  nerve,  by  way  o£ 
the  Vidian  nerve,  the  petroeal  nerves,  the  tympanic  plexus, 
Jacobson's  nerve,  and  the  otic  and  snhenojiaUtine  ganglia. 
And  it  seetns  possible  to  suppose  that  tiltrcs  leaving  the  btmiB 
by  the  iifth  nerve  might  fttiu  their  way  not  directly  to  the  lin- 
gual biuTieh  but  by  a  roundabout  way  through  tlie  chonla  tym- 
pani,  and  that  at  the  same  time  other  fibres  from  tlie  same  ^ih 
nerve  nnght  ultimately  join  the  glossophatjngeal  neri-e  and 
reach  the  iiaek  nf  the  tongue  by  that  nerve.  There  are  no  caaea 
on  record  in  which  disease  of  the  gloa-topharyngeal  nerve  within 
the  cranial  cavity  has  led  to  distinct  Uva  of  taste;  but  cases 
have  been  recorded  in  which  disease  of  the  fifth  nervo  within 
the  cranial  oavity,  and  so  far  as  could  bo  ascertained  limited  to 
the  fifth  nerve,  has  led  to  an  entire  loss  of  taste  over  tbo  wbols 
of  one  side  of  the  tongue,  both  back  and  tip-  Such  caiees  lead 
to  the  at  lea'^t  provisional  conclusion  ttiat  the  gustatory  fibres 
are  libres  i>elongiiig  to  the  tifth,  though  they  may  reach  the 
tongue  partly  by  way  of  the  glossopharyngeal,  partly  by  way  of 
the  chorda  tympani. 
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CHAPTER  VI. 


3UTA!?EdUS  AND  SOME  OTHCU  SENSATIONS. 


SEC.  1.  THE  GENERAL  FE.VTITRES  OF  CUTANEOUS 
SENSATIONS. 

§  M4.  The  sciistitions  which  wo  exnerience  liy  meaiiH  of 
le  skin  mid  cutiuieous  uci'vl-s  :iii[)car.  in  ttie  that  instance,  to  l>e 
!atlL*!U(t  three  kinds.  In  the  first  jjhicc,  nil  bodii-s.  whatever 
leir chemical  or  iihvsieal  natui-e,  bti  ihey  giweous,  liquid  or  solid, 
en  hntiifflil  into  contact  with  the  Bkin,  whvn  niiido  to  irxcrt 
Ttiei'hanical  jUTssure  on  the  skin,  [iroduoe  sensjiiinn.i  of  n.  certiiiii 
kind;  these  sensations,  whose  charactera  dejiend  mainly  on  iho 
amount  of  presaiire  exerted  and  on  the  region  and  area  of  the 
skin  pressed  u|>oii,  may  \k  convcniontly  spoken  of  as  tactila 
aetualloiia  nr  »fn«a(hn»  of  touch  proper.  In  the  second  placet 
^rhcn  cither  hy  iietunl  contaet  with,  or  by  the  mere  proximity 
of  hut  or  cold  imilie!',  of  whatever  nature,  the  temperature  of  an 
Area  of  the  skin  is  fihangtd  with  sufticienl  rn|>iility,  wo  ex- 
perience sensations  of  a  kind  different  from  ilie  tactile  wensfltions 
just  mentioned  ;  these  wi?  may  speak  of  as  m-vtadotts  nf  few- 
perature.  tengatlons  of  hiat  ana  cohi.  In  the  third  place,  when 
too  violent  a  pressure  is  exerted  on  the  skin,  or  when  Uio 
obaii}^8  of  Icmperiituro  arc  excessive,  or  when  certain  changes 
^viiif;  rise  neither  to  tactile  nor  Ut  teniperiil«  sensations  aro 
prii«lueed,  i>r  tiike  phiee  iti  tho  skin,  we  ox |ic Hence  sensntion^ 
whieh  wi!  call  Ai-/iMti<mK  "f  pain.  This  third  kind  of  ^nttation 
stands,  in  many  i-espectH.  apart  from  the  other  two,  and  it  will 
be  convenient  to  study  sensations  of  pain  by  themselves.  Sen- 
anttons  of  touch  proper  and  of  heat  and  cold  uro  much  more 
akin  aiid  may  be  treated  of  together. 
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Tactile  Sensations  or  Sentatio7it  of  Preamre. 


r645.     Many  of  the  char.icters  of  tactile  sensations  are  of 
Siame  order  as  those  of  visual  sensations,  which  we  studied 
somewhat  fully,  and  indeed  similar  charactem  may  be  more  or 
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loss  distiiictly  rcco^^iiizerl  in  nil  sensations.  The  xmoinit.  UiftC 
is  ti>  Biiy  tlie  iiitetwily  of  the  sensation,  varies  with  Uie  amount 
of  tho  sliniulns,  with  the  Hnioiint  of  pressure  brought  to  bear  on  ^y 
given  aiva  of  the  skin.  Taking  the  same  spot  of  skin,  the  tip  op^ 
the  forefinger  for  instance,  wc  can  expoiimeiitiilly  ascertain  the 
niiuimiini  of  pressure  of  which  wc  Oiin  oeuonit;  conscious,  such  for 
example  as  that  c\i;rt<!<l  hy  a  niinutu  fnt^nicnt  i>f  some  light  Ixtdy. 
pith  or  wool,  fiillinc;  through  a  certain  small  lii-ight.  Starting  from 
this  niiiiiiiniin  ami  increasing  the  pressure,  we  Ihid  the  sensation 
also  to  inireasK  up  to  a  certain  limit;  anil  Welier's  law  (^  .^oO) 
holds  good  tor  tariile  sensations,  indeed  may  be  more  easily  veri- 
fied in  thi'ir  ciuie  than  perlians  in  the  case  of  other  sensations. 

When  two  sensiitioiiB  follow  each  obher  in  Uie  same  sjiot  of 
skill  at  a  siillicictitly  isliurl  intervid  tliey  arc  fu»ud  into  one; 
thus,  if  the  linger  bu  brought  to  bear  lightly  on  thu  edge  of  a 
rotating  card  eut  into  a  series  of  teeth,  the  teeth  cease  to  be  felt 
as  such  whun  they  follow  each  other  at  a  i-apidity  of  about 
lUiiQ  in  a  second.  The  vibiations  of  a  cord  cease  to  be  appr»> 
ciable  by  touch  when  they  reach  tho  same  mpidity. 

When  two  sensations  av«  gcuenited  at  the  sjrae  time  at  two 
points  of  the  skin  too  close  together  they  become  fused  into  one : 
but  to  this  feature,  which  is  of  a  diffcrcJil  naturo  froia  the  p: 
cuding,  we  shall  return  presently. 

The  sensation  cau-sed  by  pressure  is  at  it«  mftximum  soi 
after  its  beginning,  and  thenceforward  diminishes.     The  m 
suddenly  the  pressure  Is  increased,  the  greater  the  sensation: 
and  if  the   increase   lie   sufficiently  gradual,  even   very  great 
pressure  may  bo  applied  without  giving  rise  to  any  sensation. 
A  Si'nsation  in  any  spot  is  increased  when  the  surrounding  areas 
of  skin  are  not  subject  (o  pressure  at  iJie  same  time.     Thus  if 
the  finger  I*  dipped  int^  mercury  the  i>i-evinre  of  tlw  mercur>' 
will  be  felt  more  at  the  surface  of  tho  Unid  adjoining  the  skia 
which  is  not  in  contact  with  the  mercun-,  than  in  the  [mrts 
tlie  skin  wholly  covered  with  the  mercury;  and  if  ibe  finger  _ 
drawn  up  and  down,  the  sensaiiuti  causei^  will  be  that  of  a  rini 
moving  along  thu  linger.     This  effect  may  be  compared  wi; 
those  of  *conti-Ast'  in  visual  sensations  (§  383). 

All  parls  of  the  skin  are  not  ei|ually  sensitive  to  pressure; 
the  minimunt  of  pressure  which  can   be    felt  or   thu   smnllc»t 
difference  of  pressure  which  can    l>o   appivciated   diffcra   vi-i^l 
much  at  different  part^  of  the  skin.     Measured   in   this  vrayS 
tactile  sensations  aii3  much  more  acute  on  the  palmar  surface  of 
the  finger,  or  on  the  forehead,  than  on  the  arm  oron  the  solo  of  the 
foot  or  on  the  back.     Iti  making  thiutc  det^ruunatious  oil  nii»- 
onlar  movements  shoubt  Iw  aviiidecl  in  onler  to  eliminate  tU 
muscular  senses  nf  which  we  shall  speak  later  on;  and  titotm 
stimulated  should  be  as  small  and  the  contact  as  UJiifonn  is 
possible. 
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In  n  similar  nuumer small  consecutive  vnmtiouaof  prewtiire, 
as  in  counting  a  pulse,  ai-e  more  readily  appi'ecialed  hy  ceitain 

iiarts  of  the  HKin,  such  an  the  tip  of  the  linger,  tbitii  by  oihei-a. 
n  HlLciUies  variiitioiiH  of  pi-tsHsure  are  more  cosily  ilistingTiisheil 
when  tlivy  Hru  siiccossi^u  tliitii  wlieii  lliey  nrv  Giniullniieoiis. 

§  646.  Thr  linniizitl'um  iif  taHile  iien»atii>nt.  Wlicii  anything 
toucliejt  n  »pol  of  our  »kiii,  wv  not  only  cX{M*rienc«  n  <  pressurv 
Renitation '  of  j^reater  or  U'iu  intensity  Accordin^r  to  the  amount 
of  pressure  exerted  and  the  pailicular  region  nf  nkin  pressed 
u)>oii,  we  are  nlso  at  the  Dame  time  aware  that  the  sensation  has 
been  started  in  tbnt  spot,  tbiit  the  upot  in  question  and  not 
AJiotbur  htvt  buen  touched.  When  we  are  tunc-ltcd  ou  the  Cinder 
or  on  thu  bitek  we  refvr  the  HensatioiLS  to  the  linger  or  to  the 
bftck  respectively,  and  when  we  are  touched  »l  two  places  on 
tlie  same  linger  at  the  name  time  we  refer  tb«  Aencationa  to  two 
parta  of  the  hnger.  We  localize  our  touch  sensatiouH  with  refer- 
ence to  the  Hu^ace  of  our  body  after  the  same  fashion  tliat  we 
localize  our  visual  sunsations  with  reference  to  the  external 
world.  Our  whulu  skin  serves  us  as  a  "field  of  touch'  anal- 
ogous to  the  '  visual  IilUI  '  of  the  eye ;  and  as  when  exiterivncing 
a  visual  »ensnUon,  we  refer  it  to  its  presumed  cause  and 
say  we  perceive  a  light  in  some  part  or  other  of  the  lield  nf 
sight,  so  when  we  experience  a  tactile  sensation  we  say  we 
perceive  that  something  has  touched  this  or  that  part  of  our 
akin ;  the  tactile  sensation  has  become  a  tactile  peixiejition. 
As  the  accunicy  of  our  visual  perceptions  is  largely  dependent 
on  thcKniullnessof  the  retinal  interval  which  must  sejmrute  two 
eimultaneous  retinal  stimulations  in  order  tliat  the«i-  shall  give 
rise  to  two  separate  sensations,  vision  Wing  most  distinct  in 
tlte  fovea  centralis  where  this  inten'al  is  smallest,  so  also  the 
accuracy  of  our  tactile  iwrceptions  is  dependent  on  the  sniallness 
of  a  like  cutaneouM  interval.  Where,  as  in  the  tip  of  the  finger, 
the  interval  is  small,  contact  with  even  a  small  aroL  of  surface 
may  give  rise  to  sevenil  simultaneous  but  distinct  sensutiuns, 
eacD  of  which  we  localixe  ;  and  we  thus  obtjiin  by  means  of  onu 
contact  seveml  perceptions  affording  a  considerable  amount  of 
information  concerning  the  nature  of  the  surface.  Where,  as 
in  the  skin  of  the  back,  the  interval  is  great,  contact  with  even 
a  large  area  of  surface  may  give  rise  to  one  sensation,  which  we 
do  not  resolve  into  it«  comiMJiients,  all  the  several  sensory  im- 
pulses from  the  skin  fusiu};  into  one  common  sensation ;  we 
only  localize  this  one  sensation,  wc  Imve  only  ouu  peReptioii  of 
Bomething  touching  that  part  of  our  luu-k.  and  the  information 
which  we  thus  acquire  concerning  the  nature  of  the  surface  in 
contact  with  the  skin  ts  limited. 

As  the  above  I^•nl»rk  indicates,  the  interval  in  question 
varies  very  widely  in  diffeient  parts  of  the  surface  of  the  body ; 
our  power  of  localizatiuQ  is  much  finer  in  oertala  porta  than  in 
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otlteTs.  Moreover  the  distribution  of  the  finene»s  of  locAlLzation 
is  not  identical  wiUi  thatnf  the  mera  appi-eciation  of  pressunr; 
soinu  pai'U  may  be  veiy  senailivo  and  yet  possess  iin|i(;rfe<^ 
loculiMtioM.  i'ho  magnitude  of  the  interval  of  spAce  whi^f 
must  separate  two  slmiitt^ineous  :«tinuiUtious  of  the  sttin  in  order 
that  the  two  consetjiteiit  sets  uf  iiiipuLsv«  may  f];ive  me  to  two 
distinct  sensations  may  be  oonvvnlenlly  dclvrniiiit-d  for  difTcreat 
reptons  of  thu  skin  by  menaurin};  iLe  dintatiiM;  »t  wiiicli  two 
pointK  (preferably  hliinlwd)  of  a  pair  of  conipaiMei<  must  be  bvW 
apart,  »o  that  when  the  two  points  are  in  contact  with  the  itkin, 
the  Iwu  consequent  uensationa  can  he  localized  with  sufficient 
aecuiac)'  to  I)e  refen-ed  to  two  points  ol  tlie  body,  and  not 
confounded  together  as  one. 

The  foUowinj;  titbtilar  etatvinent  of  results  thus  obtainuil  may 
be  taken  as  shewing  in  a  gciicitd  way  the  relative  power  of  locu'' 
zatiou  in  the  more  iaiiMtrlant  regions  of  the  surface  of  Uie 
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As  a  geneial  rule  it  may  be  said  that  the  more  mobile  puts, 
or  those  which  execute  the  widest  movements,  or  execute  mov^ 
ments  most  easily  and  frequently,  such  as  the  hands  and  lips, 
are  those  by  which  we  can  tJius  discriminate  sensations  mut 
readily.  The  lighter  the  pressure  used  lo  give  rise  to  the  seiu^ 
tious,  provided  tliat  the  impulses  geiienil<'d  are  adc<)uat«  M  exc^H 
distinctly  a])preciable  si-nsiitjons,  the  more  easily  are  two  senm^ 
tious  distitigui^hed;  thus  two  oomjiass  points  which,  wbea 
touching  the  skin  lightly,  apjwAr  as  two,  may,  when  ftrinly 
pressed.  give  rise  to  one  aensiition  only.  Tl»e  distinction  be* 
tween  the  sensations  is  obscured  by  neig;hbouring  semations 
arising;  at  the  same  time.  Thus  two  [«ints  readily  distin* 
guished  as  two  when  the  skin  is  under  ordinary  conditions, 
are  cuiifuscd  into  one  when  brought  to  bear  iiuide  a  ring 
tieavy  meud  pressing  on  the  skin. 

It  need  hardly  I>e  said  that  these  t.ictile  perceptions,  like 
other  peroeptions.  are  increased  by  exercise.  We  may  ^iieak  of 
our  •  iield  of  touch,'  as  being  composed  of  tactile  areas  or  anit», 
iu  the  same  way  that  we  spoke  (^§  657}  of  our  Geld  of  viiiion 
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being  composed  of  visual  nrcas  or  units;  but  alt  that  xrtia  there 
said  concemiiig  tlie  subjective  nature  of  the  limita  of  visual  areast 
applies  equally  well,  viutatia  miitandig,  la  tactile  areas.  When 
two  ]>oiiits  of  tlic!  compiuM's  are  fi'lt  as  two  distinct  sensations, 
it  is  nut  necessary  tliui  two,  and  only  two,  iicrAX-tibrvs  should  be 
stimulated,  ur,  putting  the  inatlvr  more  gciu-rally,  that  two  or 
only  two  (lisorete  sets  of  sensmj-  impnUus,  «liouti)  travel  aUing 
separate  ^mthsto  xepaiate  cerabral  centres.  All  that  U  n«ce&sary 
is  that  the  two  cerebral  sensation-areas  should  not  be  t«o  com- 
pletely  fused  together.  The  improvement  by  exea-ise  of  the 
sense  of  touch  must  be  explained  not  by  an  increased  develop* 
merit  of  the  terminal  organs,  not  by  a  growth  of  new  nerve- 
fibres  in  the  skin,  Uil  by  a  more  exact  limitAtion  of  thv 
sensational  areas  in  the  bniin,  an  for  example  by  the  devt-lop- 
ment  of  a  re«istance  which  limits  the  nuliatioii  taking  place 
from  the  centres  of  Che  several  areas. 

Senaationt  of  Heat  and  Cold, 

§  647.  When  we  bring  into  contact  with,  or  even  into  the 
immediate  neighbourhood  of  a  spot  of  skin,  a  body  distinctly 
hotter  than  is  the  skin  at  the  spot  for  the  time  being,  wo  ex- 
perience a  sfK-ciai  sensation ;  wc  tevl  somctliiiig  in  the  skin  that 
was  not  there  before,  but  that  something  ts  wholly  unlike  the 
effect  of  pressure,  and  we  call  the  »en:«ilion  a  sensation  of  heat, 
^lie  sensation  is  ohvioiLily  due  to  the  rUe  in  the  tempt-ratnre  of 
skin  which  is  the  direct  effect  of  the  contact  with  or  the  neaniCHS 
of  the  hot  body.  Our  skin  has  a  certain  temperature  which  v-iries 
from  time  to  time,  according  to  circumstances,  and  is  not  the 
wune  in  all  regions  of  the  skin  at  the  same  time.  A  given  spot 
of  skin  At  a  given  tJmo  will  luive  a  certain  temperature;  tnat 
tcwpetatnru  duex  not  give  rise  to  a  ili.-itincC  sen.4aUnii  lliough  its 
effects  niav  enter  into  what  we  may  call  general  scn«ilality ;  no 
may  not  be  dirertly  conscious,  for  instance,  that  ihe  foi-ehead 
has  one  temiieratuiB  and  the  liand  another,  though  the  two  tem- 
peratures may  differ  widely.  It  appeais  then  that  we  are  only 
conscious  of  a  cutaneous  sensation  of  heat  when  the  tempera- 
tun;  of  a  region  of  the  skin  which  has  previously  been  fairly 
constant  is  raised  ;  we  may  athi  suddenly  nttscd,  for  in  sensa* 
tions  of  beat  an  of  [tressurv  the  slimuhis  must  act  with  a  certain 
rapidity  in  onler  to  pivtduoe  a  distinct  effect  on  consciousness. 

If  the  body  brought  into  cont.-tct  with  or  near  to  the  skin, 
instead  of  being  dUtinctly  hotter  is  distinctly  colder  than  the 
skin  we  abui  experience  a  special  sensation,  a  sensation  of  cold; 
and  this  sensation  differs  in  kind  not  only  from  that  of  pressure, 
but  also  from  that  of  heat.  We  might  expect  perhaps  that 
since  cold  only  ^iiffers  fnmi  heat  in  <Jegree,  Ixith  bi'ing  liegrccs 
of  temperature,  that  the  sensations  of  heat  and  cold  would  also 
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•  be  alike,  dtiferiiig  only  in  degree ;  but  when  ire  appeal  to  our 
consciiiiioness  we  recognize  tlmt  they  differ  in  kiuu.  So  lon^f 
as  sensations  of  heat  and  cold  remain  Kuiisatiuint  uf  heat  an^l 
cohl.  tliey  iippciir  to  us  not  ul*  niurely  liiGTervnt  pliasvit  of  th« 
Hiime  thiEi^  but  an  quittt  unlike  ;  when  the  exciting  heat  or  col^ 
is  excessivo  wo  poiliajj;*  may  fail  to  diittinguitih  between  the  Iwt' 
but  Ui)it  iis  bei'-aiLse  iH^tli  are  Iohi  in  tlie  nensation  of  pain. 
appeal's  then  that  we  are  conscious  of  a  8|>ecilic  sensation 
cold  wbi'n  the  temperature  of  a  region  of  the  skin  which  has 
previouslv  Iwen  fairly  consbint  is  witli  sufficient  rapidity  lon-ored. 
To  how  large  an  extent  wc  are,  under  ordinnry  circumstances, 
unconscious  of  th»  actual  t(^mpei<itn ru  of  the  skin  anrl  how 
Sensitive  wc  are  to  even  slight  ciianges  of  tempt-mture  rnay  be 
illiktriitcd  by  luiiig  otiti  region  of  the  skin  aa  a  KtimuliLt  of  hirac 
or  cold  for  anotiier.  At  a  time,  for  instance,  when  we  are  not 
directly  conscious  of  the  hand  lieing  either  colder  or  hotter  than 
the  forehead,  by  putting  the  one  up  to  the  other  we  may  experi- 
ence a  distinct  senaatinu  tellinB;  u^  that  the  hand  decidedly 
differs  in  temperature  from  the  forehead;  we  feel  at  oncv  tlutt 
one  is  warmer  or  colder  than  the  other,  though  it  may  take 
some  little  time  to  recognize  whieli  is  the  waruuT  or  tJie  coMi-r. 

§  648,  These  seiwations  nf  lieat  and  cold  liehave  very  much 
in  the  same  way  as  sensations  of  pressure.  We  have  already 
said  that  the  change  of  tempei'ature  like  the  change  of  presson 
niUHt  be  effected  with  a  certain  rapidity  in  order  to  produce  s 
distinct  sensation,  and  In  gentu-al  the  more  gradual  tlie  change 
the  less  intense  in  the  sensation. 

As  might  be  expected  from  the  fact  tliat  it  takes  a  longer 
time  to  |)r(iduee  a  change  of  leiniieniture  than  to  exert  pressure^ 
the  sensation  of  cither  heat  or  cold  is  somewliat  sloivly  dcva^f 
o|>ed  and  lasts  some  conaidetable  tjme;  hence  consecutive  sons^' 
tioits  readily  fuse  into  one. 

Since  it  is  the  changed  tempcratin-e  and  not  the  partJontar 
temperature  arrived  at  which  is  the  basis  of  the  sensation,  a 
hot  body  or  a  cold  body  gives  rise  to  a  ecnsatinn  only  at  the 
tirst  contact  or  approach  and  for  some  little  time  afteruaHs. 
the  effect  dimiiiithing  from  the  very  moment  that  the  change 
ha^  been  i!St;i,blislie<).  Hence  a  hot  Ixidy  or  a  cohl  body  a[>- 
]iLied  to  the  skin,  even  when  kept  itself  at  a  constant  tempcm- 
tare  and  not  cooled  or  heated  by  contact  with  the  cooler 
warmer  skin,  ceases  after  a  while  In  Ik*  felt  as  hot  or  cold.  Ko 
this  reason  the  repenterl  ilipping  of  the  hand  into  hot  or  col 
water  produces  a  greater  sensation  timti  when  the  liand 
allowed  to  remain  alt  the  time  in  the  water,  tliough  in  the 
latter  case  (he   temperature  of  the  skin  is  mr>st  afTectdd. 

The  cfTeclM  of  contrast  are  obvious  in  sensations  of  hcAt 
and  cold  as  in  those  of  prewture;  when  the  hand  is  dipped  tn 
hot  water  the  sensation  is  most  intense  at  llie  ring  where  the 
hand  emerges  from  the  »ui-face  of  the  water.  ~ 
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We  can  with  some  accuracy  distinguish  small  differenceti  of 
temi>cniture,  cspi-ciiilly  those  lying  near  the  normal  tcnipL-ra- 
tiirv  of  thti  Kkiii.  In  thi;s  respect  them;  scnxatioiw  follow 
Welwrs  law,  thongh  apparently  slight  difTerwiictfS  of  cold  are 
more  easily  recognized  than  tlioae  of  slight  heat.  The  range 
of  the  greateHt  senaitivenetts  seeiUK  to  lie  lietween  27*  and  Z'S". 

The  regions  of  the  skin  most  sensitive  to  variations  in 
temperature  are  not  identical  with  those  most  sensitive  to  varia- 
tions in  pressure.  Thus  the  cheeks,  eveliils,  temple-s  and  lijis, 
are  more  sensitive  than  tlio  hands.  The  least  sensitive  partti 
are  the  lege,  find  front  and  hack  of  the  trunk;  I^i  this  inatt«r 
however  we  shall  return. 

As  with  pressure  sen.sattons  so  also  with  sensations  of  heat 
and  cold,  two  sensations  excited  at  a  certain  distance  apart  may 
or  may  not  he  fused  into  one,  the  distance  necessary  for  the 
8e]>aration  of  the  sensations  vaiying  in  different  rvgions  of  the 
body,  and  being,  n^  might  be  exiK'cted  from  the  case  with  which 
heat  and  cold  are  couiTuoted,  much  greater  tlian  in  the  ease  of 
pressure  sensations.  We  aW  •  localize '  the  sensations  of  heat  and 
cold ;  we  can  reeogniio  which  region  of  the  skin  is  Wing  hi-ated 
or  cooled  ;  and  thu.s  these  sensations  also  enter  into  our  percep> 
tions  of  (he  external  world. 

§  649.  We  have  treated  of  the  sensations  of  touch  and  of 
bent  anil  cold  as  cutaneous  sensations;  hut  they  are  not  con- 
fined to  the  skin  commonly  so  called.  Wc  esmrienco  the 
samp  sensatiiins  in  VHn-ing  degree  by  helji  of  the  lining  of  the 
mouth  and  pharynx,  which  is  i-jdlcd  a  mucous  membrane;  and 
they  may  also  l)e  trace*!  for  a  short  rlistance  nj)  the  rectum  l>eyond 
the  margin  of  the  skin  proper.  Hut  in  both  these  situations, 
the  lining  membrane  is  ny  origin  and  in  structure  eniblaatic, 
that  is  to  say  cutaneous,  and  in  iiossessing  cutaneous  functions 
shews  its  real  nature.  These  functions  are  most  marked  at  the 
bc^noing  of  the  passages,  the  tip  of  the  tongue  Wing  very 
sensitive  to  touch  and  heat  and  cold,  with  u  well-dvvelo^tod 
power  of  locali/.a(ion ;  they  arc  very  rapidly  lost  in  the  n'ctnm, 
and  more  gradually  dtsappcnr  at  Ibe  lower  pait  of  the  pha^^'nx 
and  in  the  cpsophagiis;  a  fluid  which  in  the  moutli  is  felt  dis- 
tinctly as  hot  giv&s  rise  to  a  sensation  of  pain  not  of  heat  when 
it  is  swallowed,  and  a  cold  or  warm  drink  is  only  felt  as  cold 
or  warm  when  swallowed  in  quantity  suflicicnt  to  affect  by  con- 
duction the  alKlominal  skin.  The  miiintenunce  of  these  cutane- 
ous function.-^  in  the  initial  part«  of  the  iilimentary  canal,  which 
are  under  the  dominion  of  the  will,  is,  like  the  sense  of  taste,  a 
safeguard  against  the  intitKluction  into  the  canal  of  noxious 
Bubstances ;  in  the  sulisequent  parts,  no  longer  subject  to  the 
wdl,  any  warning  which  such  sensations  might  give  would  be 
too  tate  and  useless. 
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§  650.     When  exeessivc  pressure  Is  exerted  on  tlic  skin,  or 
when  Die  change  of  t«ni(icrnlure  pn^ses  oerUin  limite,  the  seDS^H 
tion  which  is  excited  ceiue:^  to  be  recognised  as  one  either  d^ 
touch  or  nf  temperature  and  tnke^  on  charu:tera  of  its  own;  we 
then  call  it  a  sensation  of  pain.     Is  tliis  respect  the  skin  nn  s 
sensory  organ  apiJcars  at  hrst  Mght  to  differ  from  the  other 
organs  of  scnso  which  wc  have  stu<)ied.     Wu  have  no  cvideu 
that  simplu  sliinulatioii  of  the  ruliiiA,  however  exce^ivi^  w; 
give  vise  to  pain,  meaning  by  pain  the  kind  of  sensation  we  fi 
when  the  skin  ia  cut  or  burnt.     We  often  speak  it  is  trtie,  tis_ 
cially  in  cases  of  diiieaae  of  the  eye,  of  expoiure  to  light  caust 
pain,  but  the  pain  in  such  caaea  is  folt  through  the  eyeball,  noi 
through  the  retina  and  optic  nerve;  the  pain  u  not  uu  excessive 
development  of  visual  xeusatious,  it  is  a  phuj*e  uf  that  sensibilit; 
whieh  the  subsidiary  structiu-es  of  the  eye  shaiie,  in  common 
we  shall  see  presently,  with  not  only  tlie  skin  but  nearly  all 
other  struotures  of  the  body.     In  like  manner  we  have  no  evi-j 
dence  that  an  auditory  or  an  olbctoiy  or  a  gustatory  sensstioi 
can,  through  mere  intensity,  become  converted  into  a  senaaiioE 
of  pain,  though  wc  may,  in  the  act  of  hearing,  smelling  n^ 
tastmg,  receive  scu:<iatiu>is  of  pain  from  the  ear,  nose  or  moutl 
We  often  of  course  ajiply  the  word  'painful '  to  a  sound,  r«r 
group  of  visual  sensations,  or  a  smell  or  a  tafite;  bnt  that  u 
the  sense  of  being  exceedingly  disagreeable,  and  has  reference* 
to  our  classiticatloii  of  the  complex  psychical  effects  of  all  our 
sensations  into  those  which  are  pleasuniblu  and  tliose  which 
painful.     Without  entering  into  any  psychologieal  iinalysis, 
may  assnmc  that  llie  pain  which  wc  feel  when  tlie  linger  is  c«^ 
is  a  wholly  different  thing  fiom  the  jiain  which  u*  given  to 
most  delicately  musicial  ear  by  even  the  most  horrible  disoonl^ 
and  in  what  follows  we  shall  use  the  vord  pain  in  the  first  i 
these  two  munninga. 

§  65L    The  above  considerations  suggest  that  in  the  case  ■ 
the  skin  as  in  tlie  cases  of  the  other  organs  of  special  seuse^j 
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sensatioii  of  pnin  Is  not  simply  an  eii^geiation  of  t  wHimtion 
of  pressure  or  of  a  sensation  of  temperature,  but  is  a  tepftnta 
sensation,  derelogied  in  a  different  way  in  the  itkin,  a  sensation 
which  may  oveiride  and  so  seem  to  replace  the  sensation  of 
pressure  or  temperature  developed  at  the  snme  time,  hut  which 
must  not  be  coufounded  with  it.  And  this  view  derives  DUpiMii-t 
from  the  fiiut  that  uvenl«  tiikiiig  place  in  inoiiy  other  parte  of 
the  Ixidy,  from  which  we  experieiicu  SftuaUons  neither  of  toudi 
nor  of  temperature,  nmy  under  favouniblo  (.lircumstiiuces  give 
rise  to  pain  in  varying  aegree.  When,  for  inatanc!«,  a  tendon  U 
laid  bai'e  contact  with  a  body  will  not  produce  tactile  sensations, 
heating  or  cooling  will  not  produce  temperature  eeusationa ;  one 
cannot  by  means  of  the  tendon  as  one  can  by  means  of  the  skin 

EL'rceive  that  a  rough  ur  Hmuotli  btiily,  that  a  hut  or  cold  body, 
as  been  brought  to  act  upon  it.  Indeeii  in  respeet  tu  all  stiuo- 
tures  other  tlian  thi^  skin  and  nerves,  to  such  structures  name]; 
M  muscles,  tendons,  ligaments,  bones,  and  the  viscera  generally, 
there  is  a  large  amount  of  experimental  and  clinical  evidence 
abewing  that,  so  long  as  these  are  in  a  normal  condition,  experi- 
mental Hlimulation  uf  tbem  dues  not  give  rise  to  any  distinct 
change  of  consciousness;  a  muscle  or  a  tendon,  the  intestine, 
the  liver  or  the  heart  may  be  handled,  pinched,  cut  or  cauterized 
without  any  pain  or  indeed  any  sensation  at  ail  tteing  felt  or  any 
signs  given  of  consciousness  being  nffected.  Neverthelefts  when 
the  parttf  are  in  an  abnormal  condition  even  slight  stimulation 
may  produce  a  veir  marked  effect  on  consciousness.  Jf,  for 
instanco,  a  tendon  becomes  inflamed,  any  movement  causing  a 
change  in  the  tendon,  especially  one  imlting  ihe  tendon  on  tbe 
etretch,  will  affeet  consoiousnesiK  and  give  rise  to  a  sensation. 
But  the  sensation  is  one  of  pain  and  not  of  any  other  kind. 
Moreover  we  simply  'feel*  the  pain,  we  do  not  'perceive'  the 
cause  of  it;  because  we  feel  the  pain  we  infer  that  something 
has  caused  it.  but  we  cauuot  from  tlie  nature  of  the  pain  itseu 
decide  whether  that  something  is  a  stntchiug  of  the  tendon,  the 
contact  of  a  hard  or  soft  body,  the  B[q>roach  of  sonic  hot  or  cold 
body,  the  application  of  some  chemical  substance,  the  pas^ige 
of  an  electric  current,  or  inUinaic  events  taking  place  in  the 
tendon  itaelf  as  the  result  of  nhj'siological  changes.  And  so  in 
other  instances;  there  is  hardly  a  part  of  the  Body  changes  in 
which  may  not,  under  certain  circumstances,  give  rise  to  sensa- 
tions of  pain.  We  can  to  a  variable  extent,  in  a  more  or  less 
illHleflncd  manner,  localiiu:  the  sensation;  wu  nm  distinguish  a 
jutin  in  llic  foot  from  one  in  the  teg.  a  jiain  in  the  Uiunib  from 
one  in  a  linger;  we  may  occasionally  fix  the  jiain  in  a  very  small 
limited  area,  though  especially  if  the  sensation  l>e  intense,  tbe 
pain  radiates  and  its  localizatiou  becomes  obscure.  And  we 
may  here  remark  that  when  wc  tltus  localize  a  pain  arising  in 
the  structurea  of  which  we  arc  apeaking,  wv  refer  the  pais)  not 
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tn  the    stniflttires  thfniselvi's  but  In  neij^libouring  part*  «nr 
eflpeoinlly  to  the  itkiii:  the  inK^iiKe  [laiii.  for  iiiAtanue,  of  "reiiiilj 
colic,"  caused  by  the  iin|Mict  of  a  caleiilus  in  the  areter  is  referi-«* 
by  us  not  to  th«  ureter  itself  hut  to  adjoining  parts,  to  the  coi 
responding  sumatie  segment ;  und  so  in  other  iasUincu«.     Wt 
citn  iilso  ri;oiiK"i2C  certiiiii  chariK'ter*  in  difToivnt  jutins,  boyond' 
tlmt  of  the  mt;re  degree  of  intensity ;  we  spi-iik  of  [iniiis  as  Uriiig 
burning,  aohing,  gnawing,  cutting,  throbbing  iind  the  like.    BiitJ 
in  all  cases  the  pain  remains  a  mere  sensation;  when  it  oomesH 
all  we  can  say  is  that  we  feel  in  a  particular  region  of  the  bodyj 
a  pain  of  a  certain  intensity  and  having  a  certain  character.    We 
infer  that  somuthiiig  is  wrong,  but  the  pain  in  no  way  tells  ua 
what  the  wrong  is ;  we  may  call  the  pain  a  burning  one  becausoj 
it  is  more  or  letts  like  tlie  pnin  which  we  feel  when  the  »kin  it 
burnt:  but  in  the  vast  niajurity  nf  ea-ses  heat  has  nothing  what 
ever  to  do  with  pains  of  a  burning  character:  and  so  with  othei 
kinds  of  pain,  the  cliaracter  of  the  pain  doeii  not  in  itself  tell  us 
anything  about  its  cause.  ^ 

Are  wu  then  to  regard  pain  m  a  sensation  of  a  kind  by  iteeU,^| 
the  very  threshold  of  which,  the  very  least  amount  of  which  that 
oan  in  any  way  affect  our  consctouene.si^,  ninsl  Ih;  reguiiU'il  as 
already  pain/    In  attempting  to  answer  this  cjuestion  tJie  foUoWi^ 
ing  considerations  deserve  attention.  ^1 

We  are  in  u  certain  obscure  way  aware  of  wliat  we  may  call 
the  genei-al  condition  of  our  body.  To  put  an  extreme  caae.  if 
the  whole  of  nur  abdominal  viscera  were  removed  wo  should  be 
awai-e  of  the  loss*.  We  «honld  bo  amire  of  this  through  mor 
ways  than  one.  The  taotile  sensations  from  the  alidoTninal  skii 
would  l>e  in  such  a  case  diffeK'nt  from  the  nonnal,  and  iimrcovci 
the  muscular  sense  of  the  abdominal  walls  and  of  all  the  muscles' 
whose  actions  bear  on  the  abdomen,  would  make  na  aware  of  the 
void.  But  beyond  all  these  indirect  ways,  it  is  probable  that 
wo  should  in  a  more  or  le:^  obscuru  manner  be  directly  conscious 
of  the  lats.  It  is  probable  that  sensory  impulses,  not  of  the 
character  of  pain,  are  continually,  or  fiy>m  time  to  lime,  passing 
upwards  from  the  abdominal  viscera  to  the  central  nervous  »y*' 
lem.  Tiiose  do  not  affect  our  consciousness  in  such  a  dixtinel 
manner  as  to  enable  us  to  examine  them  psychologically  in  thfl 
same  way  that  wo  are  able  to  examine  special  sensations  such  asl 
tliose  of  aight.  or  even  sensations  of  jMin;  they  are  even  lea 
well  defined  than  those  of  the  nmscular  sense ;  nevcrthelcM  thcj 
do  enter,  though  obscurely,  into  our  oonmtiousttesi.  »o  thai  wl 
Ixicome  aware  of  any  great  change  in  them,  and  they  havol 
l>een  Hpokcn  of  under  the  title  of  "common "'  or  "general  sensi-T 
bility.'  It)  discusHing  the  manner  in  which  the  manifold  coor- 
dinate movementa  of  tho  body  were  carried  out  we  saw  reasons, 
for  thinking  that  the  central  pi-occsates  of  Uie  nervoua 
tern  were  largely  determined  by  varied  afferent  impulses 
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Srodiioud  their  effects  without  fjivirig  rise  to  anj*  sharp  niid 
eoided  i-hange  of  coni^uiou^iii^s;  imuiy  of  thtam  are  jimliably 
afferent  inipuUes  of  the  common  sensibility  of  which  we  are 
now  » leaking. 

If  we  suppose  that  the  skin  in  common  with  tbo  other  tissues 
of  the  tjoily  |K)ssesse8  this  common  sensibility,  hiiJ  if  vra  further 
suppose  that  in  the  skin  as  elsewhere,  these  aGTerent  impulses 
when  (leveluj^MMl.  as  is  the  ease  under  normal  e i re uiii stance^  to  n 
slifiht  extent  only  are  not  liiaiinclly  reuoniii/.eil  by  consciotLtness, 
ant)  that  when  tliey  do  a«4ume  aueh  a  niaj^nitude  or  intensity  as 
to  break  in  u[>on  conaeiotLinatH  the  change  of  conRciousness 
which  they  produce  is  of  the  kind  which  we  call  pain,  we  rcacli 
a  conclusion  which  is  also  supported  by  other  considenitinns. 
On  tlie  one  hand  such  a  view  is  in  accord  with  the  conclusion 
that  cutaneous  seiis:itionK  of  pain  aiv  wholly  difttinet  from  and 
developed  in  a  wholly  different  way  from  itenRationM  of  touuh 
and  temperature;  and.  a:*  we  shall  see,  to  this  conclniiion  we 
are  led  by  several  different  oi^menta.  On  the  otJter  hand  it 
relieves  us  from  the  following  ditticulty.  It  may  happen  to  a 
man  to  suffer  pain  in  a  particular  region  or  tissue  of  tne  body, 
once  only  in  the  course  of  bis  lifetime  or  poKsibly  not  even  onee ; 
nay,  we  may  suppose  that  in  this  or  that  region  or  tissue  pain  is 
felt  once  only  in  one  individual  among  a  large  numlKtr  of  (k;i^ 
sons.  If  we  suppose  that  pani  is  not  ns  suggested  alx>ve  an 
excessive  phase  of  ^nietiiing  which  is  continually  going  on  in 
a  lower  ptuue,  but  a  something  by  itself  quite  distinct  from  all 
other  sensations,  we  are  driven  to  coooUme.  since  such  a  sensa- 
tion must  have  a  special  mechanism.  incITidiug  siK-cial  afferent 
nerve  fihrcs  to  carry  it  t>uti  that  in  the  ease  in  qm!st40ii  such  a 
mechanism  of  pain  has  been  preserved  intact  but  unuKed  through 
whole  generations  in  order  that  it  may  once  in  a  while  come 
into  use ;  which  is  in  the  highest  degree  improbable.  This  diffi- 
culty disap|)car<  if  we  suppose  that  the  constantly  smouldering 
embers  of  common  sensibility  may  be  at  any  moment  fanned  into 
the  flame  of  pain. 

We  may  conclude  then  that  the  skin  in  common  with  other 
tissues  jrassesses  common  sensibility,  and  titat  when  this  in  ex- 
citetl  in  excess,  so  as  to  distinctly  affect  coiisviousne:«s,  we  call 
it  [Mill.  We  thus  experience  through  the  skin  thre«  kinds  of 
aennationx,  thocte  of  touch,  of  tem{>erature,  and  of  oommou  sensi- 
bitity.  but  the  two  former  only  are  developed  by  further  iKivchical 
processes  into  perceptions;  it  is  by  them  alone  that  we  obtain 
through  the  skin  knowledge  of  external  objecU. 

§  653.  There  is  another  consideration  to  be  taken  into  view. 
The  agents  which  applied  to  the  skin  produce  pain,  act  violently 
on  the  skin,  in  many  eases  injuring  the  epidermia  and  affecting 
the  dermis.  Moreover  if  the  epidermis  be  removed,  and  the 
stimulus,  meclianical,  tliennal  or  chemical,  be  applied  to  the 
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(Icimix  tWTtoitiie   nerv«8  ruiming;  in  it,  we  still  exp«rien^ 
eetiitalinns  ofpun,  tliough  no  longer  tliooe  of  touch  and  tet~ 
perature:   when  a  ehavp   or  liot   body  i*   made  to  touch,  n 
the  intJict  skin  but  n  wound,  wc  sufTi^-r  jmiii,  but  do  not 
o^ize  the  nIiiiijjuvss   or   thi;   hutkl   which  it  causing  tliu  pai 
This  sugguats    liiiil   the   spi;oiftI    aeiisalioiis  of  touch  and  t« 
peiaUire   me   birtiijfhl   nlmiit   by  Bj>ecial,  epitbeliiU  stniciure* 
serving  tt»  the  diffoi-eDtiated  ends  ol'  nerve  tibi'e.-i.  but  that  co 
mon  senHihility   and   pain   need  nu  such  epcuial  endings;  t' 
however  onens  up  questions  which  we  must  consider  soparatel; 
by  them  Helves. 

§  653.  Ilnnger  an'!  thimt.     W«  inny  introduce  licro  the  fi 
words  that  v,\:  ltav«  to  say  concerning  two  uffi^ctioiis  of 
0oiou8nesH.  whi(;h  may  pei'hai).t  1>e  conitidercd  »»  kinds  of 
tion,  namely,  hunger  and  thirst. 

Wo  refer  our  feelings  of  tliiret  to,  or  at  least  wo  _ 

them  with,  a  particuUr  condition  of  the  mucous  membrane 
the  mouth,  (.-spcciiilly  of  the  iwft  iiulHtC.  When  the  mucous 
membrane  of  thi»  region  liecome^  di-ier  than  normnl.  as  for  in- 
stance by  Ijeing  expo«etl  to  too  great  an  evaponition.  we  feel 
'thirsty,  and  the  feeling  in  at  once  removed  by  adequately 
moistening  the  membrane.  Under  ordinaiy  circumstance:*  ho 
ever  the  condition  of  thirst  is  brought  about,  not  by  anytbinj^ 
bearing  specially  or  exclusively  f>n  the  mtieous  membrane  of  iJie 
soft  |ialnte  or  even  of  the  wliolc  niuutli,  but  by  the  diminution 
of  the  water  present  in  the  burly  cither  ihrougli  restriction  of 
the  inuke,  or  through  excett»  of  the  output  in  the  secretions 
such  as  that  of  sweat;  or  through  lioth  together.  TMs  is  often 
spoken  of  as  diminution  of  tlie  water  of  the  blood;  but  nutit 
probably  the  speci6c  gravity  of  the  blood  is  kept  constant  by 
the  withdrawal  of  witter  from  the  lymph,  so  that  the  loss  falb 
on  the  latter  tliiid.  Such  a  ditniiiulion  of  the  wutvr  of  the  b»ly 
may  be  brought  about  by  circumstances  »ncli  us  exctt^slvo  sweat- 
ing which  in  themselves  do  not  cause  special  dryiie&t  of  the 
mucous  membrane  of  the  soft  palate;  this  part  then  under- 
goes a  loss  of  water  in  common  with  the  other  tissues,  imt 
not  in  a  special  degree-  Nevertheless  thirst  thus  brought  about 
may  bo  tcuiporatily  assuaged  by  simple  moistening  of  the  sofiH 
pulate.  From  this  we  may  infer  thiit  Ihe  scmuilion  of  thirst  ^1 
brought  altout  by  afferent  sensory  impulses  started  in  tlie 
mucous  membrane  of  the  soft  mlate  by  a  deficiency  of  water  I 
tliut  membrane,  perhaps  by  n  umin  on  the  lymph  spaces  of 
membnine. 

We  ai-o  in  the  habit  of  assuaging  ihii-st  by  drinking  wni 
or  watery  fluitU,  and  iti  doing  so  pi-oiluee  both  a  direct  hi 
effect  on  the  palate  and  a  general  indirect  effect  on  the  Inn 
In  the  alKieiice  of  the  local  effect,  the  indirect  effect  is  slow  in  co 
ing  and  needs  a  large  quantity  of  iluid ;  wheu  in  cases  of  gnst 
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flsluU  water  is  introduced  into  the  stomach  through  the  fiAtiilous 
o[)eniug.  large  quantities  niuv  l*o  given  before  ihii-st  is  assuaged. 
The  sensRtion  of  hunger  is  in  a  soinvwluit  similar  innnner  re- 
fomtd  to.  or  itssociiitwd  with,  tliu  condition  of  lltu  gnstiic  mucous 
mombraiiv.  We  feel  hungry  when  the  stonineh  La  empty.  But 
even  more  distinctly  than  in  the  ca»t!  of  thirst  the  ninin  citUKe  of 
the  itensation  seems  to  l>e  n  general  condition  of  the  body,  namely, 
that  produced  l»y  the  produtit*)  of  digestion  ceasing  to  lie  thrown 
into  the  blood.  The  seiisatiou  i»  not  due  to  the  mere  emptiness 
of  the  stoinuch.  though  the  emptiness  of  the  stomach  is  one  of 
the  results  uf  thi;  ubstinuiice  from  food,  fur  the  feeling  of  hunger 
But;  disappear  though  tiic  stomach  may  remain  empty,  if  nde- 
qoute  nourishment  be  conveyed  in  other  v»\»,  n»  by  injection 
into  the  Imwels;  conversely  even  we  ourselves  may  under  ah- 
nonnal  conditions  feel  hungry  on  a  fnll  stomach,  and  in  some 
animals,  herbivora,  the  stomach  is  always  more  or  less  full. 
The  sensation  however  docs  seem  to  be  in  some  way  specially 
connected  with  the  condition  of  the  gnstric  walhn,  much  in  iho 
Kame  way  that  thJnt  is  specially  connected  with  the  palitte;  the 

}iroduct-<  of  digestion  have  a  much  greater  power  in  ap^)ea.'iing 
nniger  when  they  act  loeally  and  directly  on  the  gastric  mem- 
brane than  when  they  are  simplv  brought  to  bear  on  the  body 
at  large,  and  a  small  quantity  o^  food  will  immediately  satisfy 
hunger  when  introduced  into  the  stomach,  though  it  will  luive 
no  effect  when  introduced  otherwise.  Moreover  our  own  con- 
seiousueiw  clearly  connects  the  sensation  in  some  way  or  other 
with  t]ie  stomach. 

As  to  what  is  Iho  particular  change  in  the  gastric  membrane 
which  thiw  gives  rise  or  assists  in  giving  rise  to  the  sensation  we 
know  little  or  nothing;  indigestible  substances  such  as  cannot 
be  properly  called  food  when  taken  into  the  stomach  at  Icnst 
temporarily  remove  the  sensation.  And  we  linve  little  or  no 
knowledge  as  to  the  particular  nerves  which  serve  ns  the  i>atlis 
for  the  alTereiit  impulses  which  we  may  .suppose  to  be  generated 
in  tiie  gastric  niombrane.  Division  of  the  vagus  nen'e  on  both 
sides  w  said  to  have  no  effect  on  hunger,  from  this  we  may  con- 
clude that  the  impulses  do  not  pass  up  this  nerve,  though  it  ap- 
pcMB  to  be  the  sensory  nerve  of  the  stomach.  But  we  iiuvc  no 
evidence  tliat  the  impulses  pass  along  the  sympiithetie  nerves. 

Allied  somewhat  to  hunger  is  the  peculiar  feeling  which  we 
may  perhaps  also  speak  of  as  a  sensation,  known  as  nausea,  the 
precursor  of  vomiting  and  bmught  about  like  vomiting  by  a 
variety  of  events.  We  have  little  or  no  knowledge  of  it  viewed 
as  a  sensation. 

The  affection  of  consciousness  i^liich  is  produced  by  the  form 
of  cutaneous  stimulation  known  as  "tickling"  is  of  a  pi-cnliar 
ctinracler,  differing  from  tactile  sensatioiu.  Indeed  it  is  prob- 
ably uiidesiiuble  to  speak  of  it  or  of  other  like  psycliicnl  effects 


« 


ii^Rl^^ 


lOfiO  OB  GOTASSOm  aBNSAnzOKS.        CBmk  m. 

of  outaneoQB  stimolatioii  aa  a  sensation,  sinoe  it  wems  Co  be  not 
the  direot  effect  of  the  senson  cutaneous  impolses,  which  are 
probably  ordinary  tactile  impHlsfls,  bat  rather  tiie  ^Eect  on  con- 
Bciousneas  of  cluiQges  in  the  oeotzal  nerTOoa  system  brought 
aboat  by  tiioee  aenaoiy  impnlses. 
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SEC  3.    ON   THE  MODE  OK   UEVELOFMENT  OF 
CUT.VXEOUS  SENSATIONS. 

§  634.  Our  studios  so  far  point  to  tlie  conclusion  tlint  sfiiisa- 
tiniis  of  Uiuch  nttd  leinpei-aturu  slaiiil  on  ttiu  sxme  fooling  m 
vUunI,  audiUiry  anil  other  Ajtecikl  sensations ,  and  it  will  be  profit- 
able now  To  compare  in  »onie  detail  the  fontier  with  the  Inttar. 
In  doing  so  we  may,  in  order  to  make  the  matter  more  simple, 
conline  ouraelveH  in  the  first  instance  to  sensations  of  touch 
proper,  that  is  to  sensations  of  mcro  contact  nnd  pressure,  dis- 
cusaiug  later  ou  tho  relations  of  thotie  to  sens&liouii  of  heut  wid 
cold. 

In  studying  vision  we  came  to  Uie  coiioliwion  that  the  nndula- 
tionH  of  the  ether  ko  affect  the  rotU  and  cones  and  other  retinal 
stnictuies  as  to  give  rine  to  vinual  impuUt-*,  and  that  these  visual 
impulses,  travetlint;  up  the  fibres  of  the  optic  ncPie  to  the  visual 
centres,  gave  rise  bv  means  of  thosts  centres  to  tho  affectiooB  of 
cousciouauvss  which  we  call  visual  sensations ;  we  may  leave 
u»\<lo  ill  the  present  instanve  all  refurenco  to  the  complexity  of 
the  visual  centres. 

We  obtaint-d  ai^solute  proof  tliat  the  only  way  in  which  light 
can  give  rbe  to  visual  impulses  in  the  optic  lihres  i.«  by  acting  on 
the  retinal  structureit.  Since  the  optic  hbres  are  the  only  nerve 
fibres  in  direct  connection  with  the  retinal  stntctures  visual 
iinpuLws  can  be  carried  bj'  thera  alone.  As  we  pointed  out  we 
know  absolutely  nothing  about  tho  nature  of  visual  impulsos 
themnelve^  ;  our  conclusions  concerning  the  various  cbanicti-ri 
and  kinds  of  viNiial  iniptitmM  are  simply  deductions  from  thr  jisy- 
cbcJopcal  examination  of  our  senNations;  our  objective  know- 
ledge  of  them  it  limited  to  the  fact  that  n'hen  light  falls  on  a 
funcliotuiUy  active  retina  an  electric  change  is  developed  in  tho 
optic  tibre^.  Ah  we  mentioned  in  §  558  ihie  statement  tbat  stim- 
olation  of  llio  optic  fibres  themsolvcs.  as  when  tho  optic  nerve  is 
cut  with  a  kntfi-s  gives  ri«e  to  visual  sensations,  has  led  to  tlie 
adoption  of  tho  view  tJiat  nnv  impulse  ]Hiju(ing  along  the  opiio 
fibres,  however  8tart«d.  whellier  by  the  ai^tioii  of  light  on  the 
rutiiia,  or  by  direct  atimulalion  of  the  tibi'es  themselves,  gives  rise 
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to  n  vbtiial  .lenHatioR  and  must  therefore  be  regarded  as  a  viaua^ 
iinpiibe.  This  view,  under  tbe  title  t>(  the  doctrine  of  "  the  sp^ 
citic  energy  of  nerves,"  Iiiis  bt-en  extended  to  ibc  nerve«  of  Uie  ' 
other  special  senses  und  ind<;ed  tu  nerves  in  gviitrnd.  Thi«  doc- 
trine tenches  tliut,  owin^  either  to  the  oonslliiition  of  the  cciitnd 
(.-ndinir  of  n  sensoi y  hire  or  to  that  combined  wich  the  luiturc  of 
tliu  (ibie  itself  (the  view  may  al»o  be  adapted  to  motor  iibres), 
whatever  inipiiUes  are  generated  in  the  tibre  can  give  lise  to  those 
events  only  which  are  specific  to  that  centiul  ending.  impuUes 
of  alt  kinds  aloncr  an  optic  fibre  giving  rise  to  visual  sensations, 
impulses  of  all  kinds  along  an  auditory  fibre  giving  rise  to  audi- 
tory  Hcnsatioii:4,  and  ko  on.  Hence  under  this  view  the  purpose 
of  ibo  speeiiio  lerrainaj  organ  is  dimply  to  allow  the  specific 
8timniu»  of  tbe  sen-se,  light  in  iJie  case  of  the  retina,  to  tlevelupe 
impulses  in  the  apeeifio  nerve,  a  reault  which,  in  the  absence  of 
the  terminal  organ,  it  is  powerless  to  achieve.  We  saw  however 
(§  553)  that  according  to  some  observers  direct  stimulation  of 
theojiliu  fibres,  as  when  iJic  nerve  is  cut,  duei;  not  pnxluco  visual 
senautioiiit,  and  therefore  docs  not  give  rise  to  visual  impulses; 
liO  far  luf  can  be  u»certainiHl  sueli  a  stimulation  of  the  lil 
appears  to  prodneo  no  eifvul  at  all  on  the  centml  nervotu  sys 
In  arguing  from  thia  reault  we  muHt  remember  that  the  optic  iier 
is  not  a  true  nerve  and  that  its  fibres  are  not  comparable  with  the 
fibres  of  a  true  nerve  ;  the  optic  nerve  is  a  part  of  the  brain,  and 
its  fibres  am  analogous  to  the  intornuncinl  fibres  of  tbe  white  nut 
ter  of  the  contnil  nervous  systoni,  concijrning  which  as  we  siv 
(§  510)  the  view  has  been  urged  that  tlicy  are  not  capable  of 
being  Mtimnlated  directly.  Neglecting  however  this  view  whieli 
is  at  best  vei y  doubtful,  we  are  led,  if  we  accept  the  insetisitive- 
ite.'ts  of  the  optic  nerve  to  direct  stimulation  as  true,  Ut  moclif; 
the  doctrine  of  the  specific  energy'  of  nerves  in  the  following  way. 
We  must  sujjposo  that  the  visual  centres  are  so  constituted  that 
tliey  are  stirred  up  to  the  development  of  visual  sensations  by  tbe 
advent  only  of  those  kind  of  impulses  which  are  started  b>'  means 
of  the  terminal  organ.  Siuee  electric  vhaiige^t  arc  developed  in 
the  optic  fibres  an  in  other  nerve  fibres  when  the  optic  fibres  are 
dirfictly  stimulated,  we  may  infer  that  ilirect  stinndation  doe*  lead 
to  nervous  impulses;  and  we  may  further  infer  ilial  tliese  reach 
the  visual  centres  but  are  unable  to  develn])e  visual  aensatioiu 
because  they  arc  not  truo  \'isual  impiUses  such  as  are  generated 
by  help  of  the  tormiual  oigans, 

The  facts  which  we  mentioned  in  speaking  of  hearing  (S  628) 
t»  seennng  to  shew  that  the  fibix.-s  of  the  auditor^-  norvo  in  the 
absence  or  the  labyrinth  niav  l»e  directly  stimulated  by  sound,  if 
we  accept  them  as  valid,  afforil  a  strong  siipimrt  to  the  siinplor 
conceptmn  of  the  specific  enei^y  of  nerve  fibi-es.  On  the  other 
Jiand  the  modified  view  is  supy>orled.  tJjough  the  aupport  is  of 
a  negative  kind  only,  by  the  behaviotir  of  the  otlier  organs 
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Kpecial  8eiise.  We  have  no  oatiftfactoiy  exneninental  or  oth«r 
evidence  that  stimulation  of  the  olfactoiy  iibres  otherwi^  than 
through  the  terminal  organs  will  give  mc  to  oUactory  sensations. 
Wo  have  i-vidence  that  stiniulnlion  of  the  (.'t-ntrus  hy  vnriouH 
niciins  will  ffivo  rise  to  the  specittc  wenwtions,  hut  not  that  stim- 
ulntiiiii  of  the  lihnn  of  tlie  nt^rveK  iheiniit-lveit  will.  The  branches 
of  the  gUisHopl laryngeal  and  fifth  nerrea  distributed  to  the  orgftnu 
of  taste  are,  unlilco  the  above,  mixed  nerves,  nnd  when  they  are 
stimulated  sensHtions  other  than  8()eci6c  taste  sensations  are  also 
dereloped.  and  the  former  might  obscure  the  latter:  still  the 
evidence  so  far  as  it  guo)  Kup)>ortt  the  view  that  stimuhition  of 
eiMtatory  fibres  otlnirwisc  than  lhmii;^h  their  terminal  organs 
does  not  Iwid  t"  tlm  devcloiimeiit  of  gii.staU>ry  wiMi.stitions,  In 
the  case  of  touch  the  evidence  is  perhaps  sliJl  stronger.  Wo 
must  in  any  case  suppose  that  each  cutaneoua  nerve  distributed 
to  a  given  area  of  sltin  contains  tibrea  vrhicb  subserve  the  sienae 
of  touch  exercised  by  that  area,  and  which  pass  from  the  terminal 
organs  in  that  area,  whatever  their  nature,  to  the  parts  of  the 
central  nervous  )'ysl4.'ni,  whatever  they  miiy  lie  (§  JiOft),  which  act 
m  centres  of  ti^uoli  sensations.  If  the-se  fibres  when  ilircctly  stim- 
ulated, apart  from  their  lermtnat  organs,  necessarily  give  rise  to 
touch  sensations,  stimulation  of  the  nerve  it&elf  while  miining  Id 
the  subcutaneous  tissue  should  eive  vine  to  touch  sensations.  But 
experience  shews,  aa  we  said  a  tittle  while  ago.  that  this  is  not  the 
case.  Whenever  the  nerve  fibres  themselves  are  directly  stimu- 
lated, as  for  instance  when  tlie  epidermis  is  removed  from  the 
&kin  or  wlien  a  nerve  is  liiid  bare,  then  however  they  be  stimu- 
lated, be  the  .stimulus  weak  or  strong,  if  eoniteionnnc-is  lie  affected 
at  all.  the  affection  takes  on  the  form  of  pain ;  [wyehologieal 
examination  of  the  subjective  reentt  discloses  nothing  that  can 
)>e  called  a  sensation  of  touch,  A  familiar  instance  of  the  dif- 
ference Iwtween  the  effects  of  stimulating  a  nerve  trunk,  and 
those  of  stimulating  the  cutaneous  terminal  organs  of  s[)ceiR] 
sense,  is  seen  in  the  effect  of  dipping  the  clliow  into  ft  freezing 
mixture.  Tlio  cold  affects  the  skin  of  the  elbow  and  gives  rise  to 
8«n«ntions  of  cold  in  that  part ;  but  the  cold,  if  intense  enough, 
also  affects  the  underlying  tnink  of  the  ulnar  nerve,  and  ny 
direct  stimulation  of  the  nbres  in  the  trunk  developea  sensory 
impulses  ;  these  impulses  however  are  those  not  of  sensationa  of 
cold,  but  of  pain  ;  and  the  pain,  in  aceonliince  with  a  principle 
to  which  wc  shall  presently  call  attention,  is  n^ferred  I"  the  ter- 
minal distribution  of  the  ulnar  nerve  on  the  •liiar  side  of  the  hand 
and  ann.  In  speaking  alwve  (§  651)  of  {lain  we  said  that  exee»- 
sive  pressure  or  excesaJTe  h««t  or  excessive  cold  applied  to  the 
skin,  overrides  or  annuls  pressure  and  tempemture  sensatiooe 
and  gives  rise  to  mere  sensations  of  pain :  and  it  might  be  urged 
that  when  a  nerve  us  directly  stimulated  the  sm-eific  sensations 
of  touch  and  t«m[>erature  ara  similarly  annulled.     Kut  in  tii« 
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nerre  fibre*  tlwnwelre*  if  it  pnAaom  anr  <&ct  at  all  oo  coo- 
wdootttem  giTcs  riw  to  pain.  »xtA  to  tam  i 


«•«!  o(  the  bIuii  an  ei 

to  prndaM  tUi  eSeet.  wimvM  a  Btm  BtsT  be  £i«c!^ ) 

bjr  ao  *li^t  a  ftuBvloa  aa  ia  gint  rite  l«  hanfly 

aowfpftmlboat«lialwtp>e— woria^ifrawwe— na^fcaay 

<«U ;  asd  ve  caa  banUy  aafpa 

l«ewot  liQ»  are  annaUea  by  — 

whieh  ii  tirodaoad. 

geatioa  that  woMti 

Impenttire, 
u»  thtr  vodcUhmmi  that  the  latter  MaitwrM  caa  oaly  b»  i 
bjr  help  of  qieeial  termiaal  organa,  attd  that  a  i  ~ 

'       1  aarc&i 
imdoae. 

Wl'  are  in  thia  way  ted  to  eooeem  oi  the  akia 
on  the  tmf!  hand  with  Rpeeifie  61ns  aadn^  in  tparife 
ov^^aua  and  serving  for  senaatioDa  of  taofh  and  tMnpentnn. 
and  on  iIk  other  l»ad  with  fibres  of  eoanaoo  ■unfrffwlitr  kaviag 
no  MUch  apeciOe  teminU  ocgant,  the  two  kindt  of  Sbra*  !«■( 
mixed  together  in  the  coramoa  cotaneoaa  aerve.  These  ttni 
moreover  have  not  onljr  different  peripbetal  bat  aUo  difclW 
central  endings,  and  clarin;;  at  leaat  aotne  part  of  their  coone 
roD  in  diffwnint  tr>u:t>  or  in  a  dtffeicot  nnnoicr  in  the  Qaaiaii 
Benroos  Hyalem ;  for  as  we  saw  in  tna^dng  of  the  esntid 
nervotu  system  (§  608)  cases  of  disease  of  the  central 
system  have  been  reeorded  in  wbich  orer  certain 
areas  »«niiationH  of  touch  had  been  lost,  wtule  oommon 
bility  and  HeniMtionii  of  [<ain  remaioed.  or  Tioe  Tersa.  We ; 
add  that  the  difference  between  the  central  paths  or  endings  of 
the  nerves  of  toucli  and  those  of  pain  is  further  shewn  by  the 
fact  tbat  in  certain  norroos  diseoMss  (tabes)  when  the  slan  it 
pricked  with  a  pin.  Um  contact  of  the  pin  may  be  felt  as  meie 
UiuiHifor  MO  long  A  lime  as  one  or  two  seconds  tiefurcipain  ts  fdt: 
Um  (liMt-aMMl  i:(iii<Iiiion  enorninusly  delay!<  tlie  traiwmission  of  the 
ini{iutiu.-H  of  min  Imt  has  not  so  much  effect  on  thnae  of  totM^ 

§  655.  We  may  go  a  &tep  further;  there  is  a  certain  amoaat 
of  evidence  that  the  terminal  organs  and  tihrea  concerned  in 
touch  pru|Kr,  in  souHations  of  pressure,  are  diflorcnt  and  sepatate 
from  Iriosu  concerned  in  sensations  of  Lcat  uiid  cold.  In  the 
(imt  ijlitce  the  gcnvnil  lojiogntphical  distribution  ovc?r  the  sar* 
fiice  of  the  body  of  snnHitivcnettH  to  pressure  is  diffrrent  from 
tliat  of  iieniiitivene»4  to  temperature.  A  familiar  in.ilance  of 
thiH  iH  Hoen  in  hringj|ig  the  juilm  of  the  hand  to  touch  the  for^ 
huod.  In  tile  former  the  sense  of  touch  is  highly  developed,  in 
the  latter  the  sense  of  temperature;  hence  with  the  forehead 
we  feel  thut  the  liiind  is  warm  or  cold,  with  the  luind  we  feel 
that  the  forehead  is  rough  or  sniootli ;  at  least  these  two  feel* 
ings  respectively  prcpomlerute,  the  one  in  the  one  part,  the  otl 
in  the  other.    In  tlio  second  place,  if  th«  slimutatiuu 
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skin  be  conllnecl  to  extreinelj  minute  ilkah,  if  tlic  pruscure,  or 
the  chnnge  of  temperature  be  brought  to  bear  as  much  iw  pos- 
sible on  a  mere  point  of  tlie  skiu,  it  is  found  that  roiiii;  pomis 
of  the  skin  urc  setmilive  to  pressure  but  not  to  change  of 
tempentturu,  whilo  olburs  n^in  are  »cn»itive  to  change  of 
temperature  but  not  to  pi^-sKUiv.  If  u  blunt  p<jintv(l  but  othet^ 
■mni)  fine  m-udle  Iju  used  to  exert  pressure,  a  little  explomtion 
will  ascertain  tli^t  iit  xome  points  the  amouut  of  prvtuuix;  can 
readily  be  recognized,  the  senae  of  touch  is  acute,  wLilu  at  othor 
poinbt,  and  these  may  t>e  quite  near  the  others,  the  amount  of 
pressure  cannot  be  recognized,  and  indeed  no  senitalion  is 
cxpcrivnccd  until  the  pn^ssure  is  excessive  and  then  the  seniui- 
tion  felt  if*  not  one  of  touch  proiK-r  but  of  iiiiin.  Similarly  if 
beat  or  euUl  Ije  applied  by  nienii^  of  a  metal  tube  or  rod  nar- 
rowvtl  to  :i  line  [mini,  it  will  be  found  that  some  [X>int»  of  the 
skin  are  very  sensitive  to  changes  of  temperature,  while  other 
points  are  insensitive  to  temperature,  the  application  of  heat  or 
cold  giving  rise  to  pain  only  aud  not  to  a{)eoilio  sensations  of 
beat  or  cold.  Further,  the  points  of  the  skin  which  are  sensitive 
to  pressure  are  those  which  arc  nut  sensitive  to  heat  or  cold,  and 
vice  verta.  Sueh  n.^sillt.-*  iw  tla-se  arc  only  intelligible  on  the 
BUppottition  tliat  the  torminal  organs  for  pressure  are  dilTcrcut 
fmm  those  for  heat  an*!  cold  and  differently  dii^tributed  owr 
tlie  surface  of  the  skin. 

Ji  656.  The  puuctiform  method  of  exploring  the  sensitivene^ts 
le  fikiu  has  further  led  to  a  result  which  is  unexpected  and 
indeed  presents  diflicuUies.  Heat  and  cold  in  tlH*mttelve«  differ 
only  in  degree;  they  are  positive  and  negative  phases  of  the 
same  thing.  We  »houl<l  therefore  iiatutally  exjiect  tlmt  ttu:  mma 
terminal  organs  would  t>e  employed  for  sensations  both  of  heat 
and  of  cold,  and  that  the  same  points  of  the  skin  wonld  be  alike 
sensitive  both  to  heat  and  to  cold.  But  the  results  of  exjieri- 
mentation  by  the  method  in  question  contrwlict  this  expectation. 
It  is  found  that  some  {xunls  are  sen^^itivu  to  heat,  tliat  is  to  say 
a  sensation  is  developii]  when  the  ti}m|ierature  of  the  point  of 
the  i>.kiii  is  raised  al>we  what  it  happens  to  Ik  at  the  time  of 
experimenting,  but  are  not  sensitive  to  cold,  that  is  to  say  no 
sensations  are  developed  when  tlie  temperature  of  the  point  of 
the  skin  is  lowered  Wlow  what  it  happens  to  be  at  the  time 
of  experimenting:  and  other  points  may  similarly  he  found  to 
bo  sensitive  to  cold  but  not  to  heat.  Mori-<^ivcr  this  result  is 
in  accord  with  results  gained  otherwise.  «lf  the  arm  or  leg  bo 
"sent  to  sleep"  by  pressure  on  the  brachial  or  sciatic  nerves  the 
skin  will  be  found  at  a  certain  stage  to  be  little  sensitive  to 
warmtli  lliou^h  distinctly  sensitive  to  cold.  So  also  the  whole  sur- 
face of  the  glans  [lenis.  in  contrast  to  the  prepuce,  is  verv  slightly 
Mnsitivo  to  cold,  but  distinctly  sensitive  tn  warmth.  Aloreover 
I  of  disease  of  the  central  nervous  system  ha  to  been  recorded 
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in  which  the  »kin  of  a  limh  waa  senaiUve  to  wanntb,  that  is 
degiees  of  tem[)erature  above  thjit  of  the  limb,  but  inseusiti 
to  caUi.  It  may  Ijo  remurkcii  tlmt  in  these  axsies,  as  in  that 
the  litiib  "gone  to  slfMip,"  the  suii^ations  of  touch  proper  nttd  of 
cold  s«cni  to  ruu  U'guther  mid  setisations  of  pain  aiid  of  bent 
also  to  run  toguther. 

It  seiMi).'«  pi'oltable  then  from  these  onR^iderations   that  ^xc 
possess  three  sots  of  teiminal  organs  and  three  sets  of  fibreji^ 
one  for  pressure,  a  second  for  heat  and  a  third  fur  cold.     uH 
must  lie  borne  in  mind  howevur  that  the  three  wnsations  af^' 
not  wlidlly  ill  dependent,  since  sensations  of  prassare  are  modi- 
fied if  chiuif;cs  in  t«mperuturc  be  Inking  place  at  the  same  time 
in  ihe  same  spot  nf  iskin.     Tiius  a  penny  cook-d  down  nearly 
to  zero  and  plai-ed  on   Uie  foreheail  will   be  judgL-d   by  nmst 
people  to  be  as  iieavy  or  even  heavier  rlian  two  jiennie^  of  the 
temperature  of  the  forehead  itself,  that  is  to  say  tlie  xen-nalion 
of  pressure  is  increased  by  a  concomitant  sensation  of  cold ;  and 
a  similar  mndific^ation  of  the  sensation  of  pressure  is  aUo  often 
obacrved  when  the  object  prt-ssing  is  not  colder  but  warmer  than 
thoskin  pritssed  on.    A  similar  effect  seems  to  bo  shewn  in  certain 
eases  nf  diseme  of  ihe  reritral  nervous  system  in  whieh  it  has 
been  recorded  that  a  hot  liodv  such  as  a  lieat«d  sjxioii  was  fel 
when  brought  in  contact  with  the  skin,  though  the  same  «_ 
applied  at  the  temperature  of  the  skin  ib^elf  produced  no  se 
tion  at  all,  and  the  heated  spoon  was  recognised  not  as 
body,  but  simply  as  suniethiiig  touching  the  skin.     The  exact 
explanation  of  these  fael.'<  is  not  wry  clear,  but  it  may  ffcrhaps 
be  argued  ihat  lln;  <'flV-i^t  is  brought  about  amid  the  central  proc- 
esisea  through  wliieh  the  si-nsalions  ai-e  develojied  and  docs  noi 
shew  that  the  sensations  have  common  terminal  organs. 

§  657.     In  attempting  to  understand  the  nature  of  the  peri_ 
ral  events  through  which  the  sensory  impulses  giring  rise 
Seiisalioiis  of  pressure  of  lieat  and  of  cold  ore  developed  two  of 
or  three  matt.iT.s  must  lie  lionio  in  mind.     In  ihe  first  place,  as 
we  have  atreiidy  said,  though  the  skin  hivs  a  Ivmponttniu  of  its 
own,  we  are  not  directly  conscious  of  that,  or  at  all  evenUt  ar^^ 
not  distinctly  conscious  of  it  in  the  same  way  that  we  1ks!oiii^| 
conscious  of  anv  sudden  change  in  tlmt  temperature  j  nor  indeed* 
ars  we,  execpt  ui  extreme  coses,  distinctly  conscious  that  tbe  tcm- 
perftturc  of  one  region  <lifrers  from  tliat  of  unothcr,  or  that  tbe 
tempemture  of  the  same  region  gradually  varies  from  time  to 
time.     It  would  seem  as  if  the  development  of  a  clear  and  di 
tinct  sensation  was  largely  dependent  on  the  contjast  as  to  to 
peratui-e  between  an  area  of  the  skin  and  surrounding  areas 
and  indeed  we  Iiave  already  pointed  out  the  marked  effects 
contrast.     The  same  ajiplies  to  pressure;  we  are  not,  at  le: 
distinctly  and  directly,  eouiwiuus  of  the  uniform  pressure  of 
almospliurc  over  the  whole  surfoeo  of  iJio  body,  when  we  s: 
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naked  in  xtill  Air.  We  are  nol  however  juatifled  in  assuming 
that  under  the  above  circuinatAnces  nothing  whatever  U  talking 
place  in  the  sensory  nerves  of  the  skin,  that  when  we  feel  a  sennA- 
tion  the  change  in  the  sensory  uppanilus  (using  that  phrase  in 
its  widest  sense  to  include  both  periplieral  and  central  parts^ 
is  onu  from  ubsolutu  quiescence  to  activity ;  it  is  not  impossible, 
aiid  some  faets  indeed  seem  to  »u^gest,  that  even  whvn  wo  feel 
no  dijitinct  ctittuieoitH  Hen^atioiu.  afferent  impnUeH  still  continue 
to  stream  onwanl»  from  the  periphery  to  the  central  nervous 
aystem,  supplying  as  it  wei-e  a  gmunuwork  of  nervoiiii  events 
which  enter  Eai^ly  in  various  ways  into  the  conduct  of  the 
whole  body,  but  which  do  not  distinctly  affect  consciousness. 
If  this  he  so,  we  may  infer  that  the  affuctiun  of  consciousness  wliich 
we  call  a  sunsiition  is  the  iiiime<lialu  effect  of  an  adequately 
large  ehnnge  in  thin  gronndwork,  mther  than  of  a  8et  of  quite 
new  isolated  tnipuKtes  pasniiig  htraicht  up  from  the  peripheral 
organ  to  the  "seat  of  con^aouHuetu).* 

In  the  aeennd  place  when  we  do  experience  sensations  of 
temperature  the  sensation  is  caused  not  uy  the  mere  change  of 
temneratui-e  but  by  the  altered  condition  of  the  skin  which 
reaum  from  that  change.  When  nii  area  of  the  skin  having 
n  normal  temjwruluru  is  brought  iti  conUet  with  a  eolJ  body, 
the  skin  undergoes  a  change  from  a  normal  to  a  lower  tempera- 
ture,  and  we  exfKtrience  a  sensation  of  cold.  Now,  if  it  were 
only  the  oiiange  from  a  normal  to  a  lower  temperature  which 
gave  rise  to  the  sensation,  though  the  sensation  might  and  prob- 
ably «-ould  last  much  longer  than  the  change  itself  it  could  not 
be  prolonged  by  the  mere  maintenftncw  of  the  lower  temperature 
when  once  the  change  Intd  been  established.  Rut  cx[ifricnce 
•twm  that  it  is ;  wo  still  feul  a  sensation  of  cold,  al  a  tinif  when 
the  contact  of  the  cold  body  is  not  producing  any  further  lower- 
ing of  temperature  and  at  most  is  only  nmintiiining  the  lower 
tetnperatAire  already  brought  about.  Nay,  more,  the  sensation  of 
cola  continues  after  the  cooling  body  has  been  removed,  at  the 
time  when  the  skin  ia  returning  to  its  normal  temi>erature,  that 
is  to  say  is  undergoing  the  very  opposite  ehangv  of  temperature, 
namely,  one  from  cold  to  heat.  And  the  same  considerations 
a[^ly  to  seuKiitions  of  litnit. 

§  638.  We  may  eonoltide  then  that  when  the  application  of 
eolcf  or  of  Iit-at  to  the  »kin  causea  a  sensation  of  cold,  the  cold 
or  heat  produces  a  condition  in  the  material  of  the  skin,  which 
condition  starts  nervous  impulses  in  the  afferent  nerves  of  cold 
and  bent  sensations.  Since  the  anpHcution  of  cold  or  of  heat  to 
the  nerve  libres  underlying  the  skin  docs  nut  pn^duce  asensation 
of  cold  or  heat,  but  only  n  sensation  of  imin,  we  may  further 
conclude  tli;it  the  nuiterial  whoae  condition  .ttarts  the  sensation 
is  placed  in  the  skin  itiielf,  in  the  epidermis  or  in  the  imme- 
diately underUing  dennis.     Since  we  experience  sensations  of 
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cold  and  liuat  in  rogious  of  tlio  atin,  not  onlv  (reo  from  toad 
corpuscles  but  nlso  fico  from  any  dermic  tcrminul  organs  as  _vet 
known,  tlic  ''  points  "  of  Ihu  »kin  dcturmini-d  c x ]>eri mo n tally  to 
Ik!  imint*  of  cold  .ind  licat  sutisntions,  Imving  bt-cn  repciitwdly 
founil  when  extirpated  to  be  free  from  all  sucli  deniiic  orgaiu, 
we  may,  tliougli  with  Ieii8  certainty,  still  fitrttier  infer  Uiat  the 
material  exists  somewhere  in  tlie  epideimia.  We  may  add  that 
sensations  of  tempemturo  may  be  felt  iti  the  cornea,  from  vbio^g 
all  dermic  terminal  orgsuis  stsem  certainly  to  be  abccut.  Aaa| 
our  knowledge  that  the  nerve  fibres  end  as  fine  fibrilla;  between 
and  itiiKiiig  the  cellis  of  the  M:dpiglii:ui  lavcr  brings  ua  to  the 
final  conclusion  that  the  material  of  which  we  ai-e  ^penkin^ 
to  be  sought  for  either  in  the  tine  nerve  tibrillis  themselves,  o( 
aa  seems  mora  likely,  in  some  or  other  of  Uie  cells  of  the  Mi 
pighian  layer  specially  connected  with  those  tibrills. 

Beyond  this  wo  cannot  go  ;  and  even  admitting  thus  much, 
it  is  difficult  to  understand  bow,  if  the  change  be  one  from  ^M 
bigher  to  a  lower  tunipciature,  the  lower  teuipcrature.  wliatcvecl 
may  have  been  tJie  exact  degree  nf  the  higlicr  temperature, 
should  in  giving  rise  to  sensations  of  cold  aiTect  one  set  of  Iibrc* 
only,  or  how  tne  higher  temperature  should  similarly  affect 
another  set  of  fibres  only;  but  we  must  leave  the  matter  here. 

The  cousidemtions  which  have  just  been  brought  forn-anl  in 
relation  to  H'nsations  of  heat  and  cold,  may  also  be  applied  lo 
sensations  of  pressure;  with  regani  to  them  also  we  are  driven 
to  the  conclusion  that  they  take  origin  in  the  lower  layer  of 
epi<Ienms  through  some  condition  brought  about  by  the  pn 
sure.  We  can  appreciate  pressure  by  the  cornea,  from  whi 
aa  we  have  said  dermic  organs  are  absent.  If  the  'points 
skin'  in  various  parts  of  the  body,  determined  experimentall; 
to  be  points  of  pressure  sensation,  bu  extirpated  and  examim 
it  is  found  ihnt  dermic  orpins  arc  not  neccssanly  present; 
indeed  such  points  of  pressure  sensations  do  not  differ  essen- 
tially in  sti'uctnre  from  points  of  heat  or  cold  sciisalioiis.  though 
some  slight  difference  in  the  manner  of  distribution  of  tM 
dermic  nerve  filaments  has  been  described. 

We  are  thus  brought  to  the  conclusion  that  the  MXalled 
touch  coqjuseles  aie  in  no  way  essential  to  touch.     At  the  sa; 
time  their  remarkable  prominence  in  those  parts  of  the  akin  ii 
which  touch  is  most  sensitive  would  svem  to  shew  that,  even 
not  ncoessaiy,  they  are  in  some  way  adjuvant  to  pressure  sen 
tions.     But  what  that  aid  may  be  is  at  present  a  mvTv  matt 
of  speculation ;  and  we  are  perhaps  still  more  in  the  dark  as 
functions  of  the  end-bulbs  and  of  the  Pacinian  bodies. 


SEC.  4.  THE  MUSCULAR  SENSE. 

§  659.  Refore  we  go  on  to  deal  with  some  of  the  paychical 
aspectd  of  cutaneous  senHations  it  will  be  desirable  to  speak  of 
certain  sensations  accomitatiyine  and  belonging  to  tJte  movements 
of  the  body  which  aro  ciinied  out  by  tneanii  of  Uie  skeletal 
niusules ;  for  those  scnsntionH,  oft^-n  siiokon  of  as  constituting  a 
"  iiiiiscular  sense,"  ar«  In  many  ways  ruliited  to  or  mixed  up 
with  cutaneous  sensations. 

When  we  examine  our  own  consciousness  we  find  that  we 
are  aware  of  the  position  not  only  of  the  whole  body  (this  matter 
we  discussed  some  time  back),  but  also  of  the  several  parts  of 
our  body.  In  thiji  wo  are  under  ordinary  ciraumstances  assisted 
by  sight ;  but  sight  is  not  necessary.  1?  for  instance,  witli  the 
eyes  shut,  wc  place  the  arm  in  any  nttitudc.  we  aR'  aware  of  the 
attitude  and  can  dv.-<cnlx-,  or  by  mowmt-nts  of  tht;  other  arm  im- 
itate tvitlt  considerable  accurucy  the  details  of  the  attitude,  the 
relative  jmsitions  of  the  upjwr  arm,  foi-earm,  band,  lingers  aiid 
the  like.  If  we  change  the  attitude  by  moving  the  arm  or  part  of 
the  arm  we  can,  though  the  eyes  lie  still  shut,  tell  the  amount 
and  characters  of  the  change. 

Again,  when  we  examine  our  own  consciousness  we  find 
that  wo  possess  a  measure  of  tho  amouut  of  rt-sistance  to  oar 
movements  which  wc  from  time  to  time  meet  with.  When  we 
come  into  contact  witli  an  external  object  we  are  conscious  not 
only  of  the  pressure  exerted  by  the  object  on  our  akin,  but  alao 
of  tne  pressure  which  we  exert  on  the  object :  we  can  appreciate 
the  amount  of  effort  which  we  make  to  produce  by  prt-ssure  an 
effect  upon  the  object.  A  simitar  appreciation  of  our  own  cfforla 
assists  us  largely  m  forming  a  judgment  as  to  the  weight  of  an 
object.  If  we  place  tho  hand  and  ami  fiat  on  a  tible.  we  can 
estimate  tho  pnMsuru  exerted  by  n  body  resting  on  tlie  palm  of 
the  hand,  and  so  come  to  a  conclusion  as  to  its  weight;  in 
this  case  we  are  con»cious  only  of  the  pressure  exerted  bv  tho 
body  on  our  skin.  If  however  we  hold  the  body  in  the  hand, 
we  not  only  fee)  the  pressure  of  the  body,  but  wo  are  also  aware 
of  the  exertion  rc(|uired  to  support  and  lift  it.  And  we  itnd  by 
experience  that  wUca  wo  trust  to  tliis  appreciation  of  tlte  amount 
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of  efTort  needed  to  lift  un  objt>cl  as  wvll  as  to  eensationis  of 
pi-uiisuix;,  W(!   can   form    much   more   accurate  judgments   emi- 
«emiiig  tbe  weight  of  the  ohjtuu  th»ii  when  we  rely  on  tteRMtio 
of  pressure  alone.     When  we  want  to  t*?U  how  lieuvy  a  thing 
wo  are  not  in  the  Iiabitof  allowing  it  simply  to  yrvas  on  tbe  ham 
laid  flat  on  a  table  or  otherwise  at  real ;  wc  hold  it  in  our  h. 
and  lift  it  up  and  down. 

Thu  ahovu  itistancud  deal  with  three  things  which  it  migli 
be  desirable  to  keep  scjiarate,  imniely,  'position."  'movenivnt' 
and  ^effort;'  it  might  seem  de-Miahle  to  speak  of  "a  »ense  of 
position,"  "a  senae  of  movement."  and  "a  sense  of  effort," 
But.  if  we  leave  out  of ,  consideration  the  problems  connected 
■witli  our  appreciation  of  the  position  of  tlio  head,  wbich  as  we 
bavu  Been  seoins  esjicciaUy  dependent  on  affcruut  impulses 
piuisiiii;  up  the  auditory  (veslibuhir)  nerve,  we  niay  my  tU 
the  position  of  the  various  parts  of  our  body  b  so  cloeel; 
dependent  on  mnveincnt,  that  is  on  the  contraction  of  itkelet 
mUHclet,  some  muscle  or  other  playing  its  part  in  almost  eve  _ 
position  and  every  change  of  position,  that  in  the  discussion  oil 
which  we  are  now  entering  it  will  bo  hardlv  profitable  to  dis- 
tinguish between  the  two :  and  wc  may  use  tfio  term  *'  muscular 
sense"  to  denote  our  appreciation  both  of  movement  and  o( 
pOKition  resulting  from  inovcment. 

§  660.     lliere   are   more   valid   reasons   for   di^tingiushin, 
bc-t  wi'i'ii  our  apprerlatioii  of  an  effort  and  our  ajipreciation 
the  movement  which  is  the  result  of  that  effort.     For  the  vie' 
baa  been  put  forward   and  supported  by  ai^ument  that  wbei 
we  make  a  muscular  effort,  we  are  directly  ooDscious   of   (" 
nervous  processes  of  the  ooiitral  nervous  system  underhHog  t 
effort,  that  the  changtrs  in  the  central  nervous  system  involv< 
in  initiiitiiig  .iiid  executing  a  movement  of  the  body  so  affe 
our  coascioiLtnes-s  that  we  have  a  sense  of  the  nervous  elTo: 
itaelf,  of  the  innervation  as  it  has  been  called;  and  it  ia  urgei^ 
that  the  condition  of  tbe  centml  nervous  system  through  wkiclt 
we  appreciate  the  nature  and  magnitude  of  the  effort  is  thus  tlie 
diract  effect  of  central  ehanges,  and  not  the  outcome  of  affere 
impulses  proceeding  from  the  part  moved. 

Wlielbi^r  it  be  the  case  or  not  tliat  consciousness   is   lb 
directly  atTecled  by  changes  in  the  central  nervotis  aystem,  s' 
for  instance  as  those  taking  place  in  the  motor  cortical  area 
in  tbe  pjTaroidul  tiuct,  the  evidence  goes  to  shew  that  any  bu 
Affection  has,  at  most,  very  little  share  in  that  appreciation 
our  movements  which  i»  generally  culle<l  "llie  museular  sense.* 
Not  only  is  our  appreciation  of  passive  movements  very  simil 
toour  appreciation  of  active  moveinenu  (we  are  ;is  well  awa: 
of  an  attitude  in  which  our  arm  has  been  placed  by  others 
of  one  in  which  wo  have  placed   it  ourselves),  but  also  if 
.muscular  contraction  be  brought  about  not  by  any  nction  at 


ies 

I 


Chai-.  VI.]  SOME  OTHER  SENSATIONS.  1061 

of  the  central  uervous  system,  but  by  tlic  direct  electric  or  other 
Ktiniuliition  of  the  musck-s  or  motor  iiervv»,  the  mwwuliLr  si'tisu 
of  the  niovenieiit  which  rt-snlUi  differa  little  from  that  of  a  like 
voliiiilxry  movement.  If  for  iDHlance,  while  our  eyes  are  ttliut, 
the  wrLit  he  bent  by  ilirc-ct  stimulation  of  the  Hexor  muscles,  we 
are  awnre  of  the  moveDient  and  can  apnreciate  it^i  chAracter  nad 
amount ;  we  cnn  even  u»e  such  an  artibciKl  movement  to  judge 
of  weight  and  resistance.  It  ix  indued  urged  that  our  judgment 
under  such  uondition»is  le^  secure  than  wht-n  the  movement  is 
A  viiluntary  one  ;  and  from  this  it  is  argued  that  our  judgment 
lit  at  lea^t  a4.-4i.Hted  hy  our  anpreciation  of  the  central  clianges  by 
a".'*en-te  of  the  effort"  as  aLitingnirthed  from  a  miL^cnlar  Men8« 
of  [>eripheral  oiigin :  hut  even  tliis  is  disputed.  We  may  con- 
clude that  our  appreciation  of  our  movemente  and  miuicular 
efforts  is  ]arg«Iy,  if  not  wholly,  dependent  on  what  may  be 
called  a  musi-ulur  sense  which  is  the  outcome  of  afferent  im- 
pulses proceeding  from  the  peiiphery  and  stAited  in  the  parte 
concerned  in  the  movement. 

§  661.  C'oming  next  to  the  questions.  What  is  the  exact 
nature  of  these  afferent  impulses'/  In  what  tissuea  are  they 
started,  and  along  what  imths  do  they  travel?  we  find  the 
ausweni  beset  with  consideniblo  difficulties.  Every  movement 
of  the  body,  even  a  simple  one,  ts  in  reality  a  complex  affair, 
and  (he  carrying  it  out  involves  changes  in  several  tissues.  In 
the  first  place  there  are  changes  in  one  or  more  muscles,  cliauges, 
of  contntction  in  active  movements,  of  extension  and  relaxatJon 
in  paiKsive  movementii.  In  the  second  place  there  are  changes  in 
the  skin  which  during  a  movement  u  in  one  spot  stretched, 
in  another  relaxed  or  folded ;  and  in  movements  of  locomotioa 
the  pressure  of  the  foot  on  the  ground  is  continually  changing. 
In  the  third  place,  by  far  the  majority  of  moveinenls  affect  a 
joint,  and  hence  involve  changes  in  the  i-elatinns  of  the  articu* 
Jar  surface,  in  the  eajisule  and  ligaments  and  in  the  tendons. 
All  these  are  possible  sourcea  of  afferent  impulses. 

Now  we  know  that  the  skin  is  a  source  of  afferent  impuUea 
and  so  of  sensations,  namely,  the  sensations  of  pressure,  of 
temperature  and  of  pain ;  and  we  may  fairly  suppoiic  that 
stretching  or  slnckennig  Uie  akin  gives  rixe  t«  impulsct  either 
ntialogous  to  those  cftBSed  by  the  pressure  of  an  external  object 
or,  it  may  In*,  of  a  nature  more  akin  to  those  which  belong  to 
general  senstlnlity.  Hence  it  is  possible  that  the.se  do  at  least 
contribute,  under  normal  oircunutances,  to  what  as  a  whole  we 
call  the  muscular  sense. 

Indeed  it  is  ntatntained  by  some  that  these  cutaneous  im- 
pulses furnish  the  whole  haHis  of  what  ia  called  the  mtiflcular 
sense,  the  name  on  this  view  being  of  coorae  erronecnis.  In 
attera])ting  to  judge  of  such  a  view  we  may  appeal  on  tlie  one 
hand  to  oiir  own  ctHuciousness,  and  on  the  other  hand  to  the 
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pbenomeua  of  iacoordiaate  moTemenU.    la  a  previous  part 
of    this    work,   we   dwelt   upon    tbv    importance    of    nffvrenii' 
impiilifcs  lis  factors  iu  tliu  coordination  of  movcmenbt,     Wt 
have  Iiad  occixsifiii  repeatedly  to  insist  that  ail  tlie  roovcmenw 
of  the  hi^dv.  a  lar^'e  nunil>er  of  those  which  are  involuntary  as 
well  as  all  those  which  are  voluntiir^'.  are  puided  by  afferent 
impuUes,  and  that  in  the  absence  of  tliese  a^rent  impulses  tha 
movements  are  apt  to  bocomu  uncertain  and  imperfix-t,  or  evea 
to  fail  altogotbcr.     We  nucd  not  btTc  rvpcat  wluit  we  have  jHe<] 
viouxty  uri^vd;  It  i--t  eufliciuiit  for  our  present  purpose  to  sa' 
that  conspii'uoiiM  mnon^  these  nflurcnt  impulses  are  thotie  whici 
form  the  groundwork  of  the  muHcnlar  tiense ;  at  times  tbey  n»a^ 
do  their  work  without  directly  affecting  consciousness  but  ai 
otlier  times  they  bring  about  a  distinct  affection  of  conscious- 
ness, and  it  is  this  affection  of  consciousness  which  ts  more  prop-^ 
eriy  vailed  tbo  muHuular  sense.  ^M 

Now,  on  the  one  bnnd,  we  find  upon  examination  tluit 
conrdinalion  of  movements  is  not  distinctly  affi-cted  by  tin* 
diniinuUon  of  cutaneous  sensations,  but  may  be  maintained  in 
the  absence  of  cutaneous  sensations  and  indeed  in  the  absence 
of  the  skin.  Thus  frogs  are  said  to  be  able  to  execute  iheir 
ordinary  movements  without  signs  of  incoordinatioD  after  the 
whole  skin  has  been  removed.  Cases  of  nci'vous  diseases  have 
hucn  recorded  in  wbicdi,  if  not  complete  absence  of,  at  least 
great  failure  iti.  eutaneous  sensations  nas  not  been  accompnuicd 
ny  any  decided  lot*s  of  coordination.  And  if  we  appeal  to  our  own 
conHciouaness  we  do  not  find  the  muscular  sense  notably  dimin- 
ished by  temporary  ana?*the8ia  of  the  skin;  if,  for  instance,  ihe 
skin  of  the  arm  be  rendered  for  a  while  ana»thetie,  we  do  not^ 
find  any  markud  change  In  our  power  of  judging  weights  or^| 
resistance,  or  in  appreciating,  witb  tlie  eyes  shut,  tli«  position 
of  tlie  limb. 

On  the  other  hand  we  find  recorded  cases  of  nerroos  di»> 
eases  in  which  loss  of  coordination,  and  loas  of  the  muscular 
sense,  as  indicated  by  the  ditliculty  or  inability  to  judge  weights 
and  resistance  and  to  recognize  with  the  eyes  shut  the  position 
of  the  limbs  or  other  parts  of  the  body,  have  occurred  without 
notable  loss  of  cutaneous  sensations.  Tliis  is  often  strikingly 
shewn  ia  cases  of  the  disease  or  group  of  diseases  known  as 
"tiilx^s  doraalis,"  often  spoken  of  from  one  of  its  prominent 
symptoms  as,  "locomotor  ataxy,"  the  conspicuous  pathological 
condition  of  which  is  a  structural  change  in  the  posterior  col- 
umns of  the  lower  ]uirt  of  the  cord.  In  certain  stages  of  this 
disease  the  patient  may  retain  good  cutaneous  sensations,  be 
may  experience  tactile,  temperature  and  painful  sensations  in 
the  skin  of  his  legs,  for  instance,  and  possess  ath-quate  muscu* 
lar  strength  in  bis  legs,  and  yet,  fiom  want  of  ci'onUnatit>n.  l>e 
unable  to  move  them  properly  unless  he  be  assisted  by  sight. 


I 
J 


Chap,  vi.]  SOME  OTHER   SENSATIONS.  1063 

So  long  as  his  eyes  are  open  he  may  be  able  to  stand  and  walk, 
but  if  tiis  cyea  are  shut  ho  often  ttilhi,  anil  when  be  movem 
moves  with  a  HtJig^riii);  luicurtain  f^it;  he  ft;un«,  in  the  dark, 
to  go  up  or  down  sliiirs  even  though  hf.  knows  tlicin  well. 
Wliuii  n  direct  A|>|ienl  is  niiule  to  his  consciousnesn  he  np[>eare 
to  uoMesH  lillle  or  no  mu)«cuUr  sense:  be  is  unaware,  tto  long 
as  his  eyes  are  shut,  of  the  position  i>f  the  limbs  affected  by  th« 
diseasei  and  if  the  arms  ai-e  affuut^d  is  unublc  properly  to  judge 
weights.  These  cusps  of  "  tabes  "  arc  very  varied  in  tlieir  symp- 
toms, which  iriih-cd  alter  ns  the  disease  advaneu«.  Concerning 
them  and  similar  phenomena  m-e»enti>d  by  other  allied  nervous 
diseases  there  has  hi^en  mu»;n  discussion:  but  the  evident^ 
afforded  by  them,  supported  as  it  is  to  a  certain  extent  by 
exiterimental  r&sult«,  is  strongly  in  favour  of  the  view  that  the 
afferent  impulses,  which  determine  coordination  and  which  go 
to  make  up  what  we  are  now  calling  tliu  muscular  sense  are 
other  than  those  started  in  the  skin. 

Wo  may  therefore  dismiss  cutaneous  sensations  as  not  being 
essentiiil  faelori  of  llie  seii.se. 

§  662.  There  remain  on  the  one  band  the  muscles,  willi 
which  we  may  in  tJie  first  instance  include  the  belonging  ten* 
dons,  and  on  llie  other  hand  the  joints  with  their  belonging  lign- 
metits :  the  afferent  impulses  under  discussion  must  come  from 
one  or  other  or  both  of  these  Wu  cannot  by  an  appeal  to  our 
own  couKciousness  localize  the  muscular  sens«  so  as  to  lodge 
it  exclusively  either  in  the  one  or  the  other  of  Wwru!  piirts  and 
miLtt  trust  to  indirect  indications.  On  the  one  hand  tJiere  seems 
to  l)fl  a  close  connection  between  the  muscular  sense  and  the 
'sense  of  fatigue;*  and  the  latter  appears  to  be  determined 
by  the  condition  of  the  muscles.  Again,  in  many  of  our  move- 
ments wo  employ  a  part  only  of  a  muscle,  and  it  is  difficult 
to  suppose  that  the  afferent  impulses  wliicli  guide  us  in  using 
that  part  only,  deiK.-ud  alone  on  the  effect  which  the  partial 
use  of  the  muscle  produces  on  the  joints  or  oilier  imrts.  On 
the  other  hand,  when  we  have  a  muscular  senae  of  the  mov<^ 
ments  of  the  fingers,  we  can  hatxlly  suppose  that  the  sense  is 
afforded  by  irapulsea  coming  exclusively  from  the  muscles 
moving  the  tingots,  distant  as  these  often  are  from  the  joints 
which  they  move.  And.  again,  the  niovementM  of  which  we  are 
mwt  distinctly  sensible,  arc  esi>ccially  the  movements  affecting 
joints;  indeett  we  have  some  diflicnity  in  appreciating  the 
amount  and  chanicter  of  a  movement  not  necessarily  involv- 
ing a  joint  such  as  one  caused  by  contractions  of  the  orbicu* 
lar  muscle  of  the  mouth  or  of  the  eye,  even  though  in  tJiese 
caaes  we  are  assisted  by  cutaneous  sensations. 

We  have  evidence  Ijoth  that  the  joints  and  that  the  mun- 
cles  can  supply  tlie  necessary  afferent  impulse*.  The  joints  are 
well  supplied  wiUi  afferent  netve  &bw»,  and  undoubtedly  give 
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rise  to  nfferent  impuLtcs,  Ou  tli«  »th«r  hand  afferent  impolaes 
uMy  procHwd  fmni  muMclot.  When,  for  inHtnncc,  a  nerve  twig 
ffoiiig  to  ft  niu»clc  is  citiniuIxLed,  ci^iitngmuilly,  uft«r  di 
rellex  moi'einenu  reHnit;  if  the  sliinulii.-*  Ls  wt-ak  the 
ment  is  contiited  ta  the  miiscle  itself  (we  are  nuiipoaing 
otJier  nerve  twigs  goinar  ***  *''®  miiBcle  are  left  intact): 
the  stiniulna  is  strong,  the  movement  spreads  to  neighboariog 
muBcles.  Again,  the  phi?nomena  often  spoken  of  as  -mascle 
rcileses'  such  ns  the  *kn^o>jvrk'  ftiid  the  like  (§  515)  are  all 
BO  muny  proofs  of  Afferent  impulses  passing  up  Irom  tlie  mus- 
cles. In  spcttkiiigof  the  kne«-jerk,we  CAlled  attention  to  the 
inflaenc«  exerted  upon  the  movement  of  the  miLscle  employed^ 
by  afferent  impulses  proceeding  from  the  antagoniiitic  muaclea: 
and  instances  might  l>e  muliiiklied  of  the  action  and  *toae* 
of  one  muscle;  ueing  modified  bv  afferent  impulses 
ing  up  fiom  its  antagonist  to  the  nervous  centre.  And 
undoubtedly  niu:sclus  art;  well  supplied  with  afferent  fibres. 
When  the  anterior  txtots,  fibres  from  wliich  supply  a  giv«Q 
mu^le,  ai-e  cut,  a  very  Urge  luimber  of  the  nerve  iibres  pn-5*ent 
in  the  mnscle  remain  undejrenerated :  these,  which  end  partly  in 
the  tendon  by  a  plexifonu  arrangement  of  fibrils  terminating  in 
minute  end-bulbs  known  as  the  organ  of  Golgi,  but  partly  and 
indeed  largely  in  a  somewhat  similar  manner,  in  connection  with 
tbo  muscular  fibres  ibuuixelves,  seem  to  be  undoubtedly  afferent 
fibres.  Hence  we  hiive  anatomical  support  for  the  view  that 
the  afferent  impulses  of  the  muscular  sense  may  come  from  the 
musclea  and  their  tendons  no  lesa  than  from  the  joints.  In  at- 
tempting further  to  distinguish  between  the  actual  muscolar 
fibi-ea  themHelves  and  the  tendons  as  the  source  of  these  im- 
pulses while  admitting  that  the  tendon  form  part  of  the 
source,  we  may  conclude  that  the  alwve-mentioned  termina- 
tions of  afferent  libres  Bmong  the  museuhir  tibres  themselves 
indicate  timt  these  also  form  another  |iart;  and  this  view  is 
supported  by  tlie  connection,  aUo  mentioned  above,  of  fatigue] 
with  tl>e  museular  sense. 

Against  the  view  that  the  afferent  impulses  of  the  musca 
sense  come  from  the  muscular  fibres  themselves  has  been  urg 
the  fact  that  these,  tested  expeii  men  tally,  possess  in  a  normal 
condition  a  very  feeble  geiiend  sensibility;  when  a  muscle  is 
cut  or  piufheu  com  para  lively  litlie  or,  according  to  some 
observers,  no  pain  is  felt:  it  is  oidy  uniler  abnormal  oircum- 
stances,  as  when  a  niusnle  is  intlanied,  that  direct  stimulatioD: 
of  this  kind  causes  pain:  and  the  pain  which  we  feel  in 
cramp  is  similarly  the  product  of  an  abnormal  condition,  for 
even  nii  extremely  violent  muscular  effort  dw«  not  cause 
us  actual  pain.  This  argument  however  is  not  valid,  for 
not  only  may  it  equally  well  be  applied  to  the  other  set  o£' 
lissues,  tendons,  ligaments  and  the  like,  which  in  a  oonnal 
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dition  possess  a  stmilarlv'  feefale  general  sensibility,  but  it  sap- 
poHw)  tfiiit  the  muiiculiir  sense  is  merely  a  development  of  gen- 
cmi  svunibilily  not  a  spcctAl  ttenec.  like  tliitt  of  touch.  "iVo 
hnve  no  positive  i%a«otid  for  tliM  supjKisition.  and  arguments 
based  on  the  analogy  of  the  »kin  opjxwu  it.  Wt-  luivt-  »cen  rea- 
son to  ■'egsird  the  cutaneotu  eteniintionii  of  piTt^urv  nnd  tvinperv 
ture  ajrt  wholly  distinot  from  tho»e  of  general  .leiiHihility,  that  is 
to  say  of  pain ;  and  we  may  eonclude  that  the  niiisonlnr  seniie  is 
similarly  a  special  sense,  similarly  distinct  from  affections  of 
common  sonaibiUty  in  either  musciilur  fibres  or  their  connective 
tissue  appendages. 

Wc  ought  thcmforo  probably  to  conclude  tlmt  the  rausculiir 
Bonse  though  ba-tett  in  part  on  impulstM  dvrirvd  fnun  th«  mu»- 
dm,  and  further  front  the  niui^enlMr  fibres  themselvcrft  as  >veU  as 
&om  the  tondniia,  l»  also,  and  poKHilily  to  a  large  extent,  txu«d  on 
impulses  derived  from  the  joinl-H.  tliough  we  cannot  an  yet  at^ign 
aoourately  the  relative  shiire.  If  this  be  so  the  "muscular' 
sense  is  not  a  wholly  appropriate  terra:  but  it  would  tie  unde- 
ainible.  at  present  at  least,  to  attempt  to  replace  it  by  a  new  one. 

This  muscular  sense,  using  tliu  term  in  its  broad  menning, 
entent  lanrvly  into  otir  life.  By  it  wu  are  not  only  enableil  lo 
coordinate  and  execute  adeijnately  the  various  movements  which 
we  make,  hut  through  it  we  derive  much  nf  our  knowledge  of 
the  external  world.  Through  it  we  are  also  conscious  of  the 
varying  condition  of  the  several  parts  of  our  bodv  even  when 
the  muscles  are  at  rest;  the  tired  nnd  especially  tiie  paralyzed 
limb  is  said  to  '  feel  heavy.'  In  this  way  the  state  of  our  mus- 
cles and  other  Ussue-s  largely  determines  our  general  fi-eling  of 
health  and  vigour,  of  weariness,  ill  health  and  feeblent-w*. 

The  fact  thai  the  Pacinian  bodies  are  found  ai-otind  joints 
has  led  to  the  suggestion  that  thene  servo  as  the  terminal  organs 
of  the  ihiiBcular  sense  ;  but  eapoL-iall^-  bearing  in  mind  what  haa 
just  been  said,  the  ailment  which  we  used  against  considering 
the  touch  i-orpiiscles  as  the  tijrniinal  orguiu  of  touch  inny,  witb 
perhaps  stdl  greater  force  be  applied  against  rcgnrding  the 
racinian  bodies  as  the  terminal  organs  of  the  muscular  sense. 
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§  663.  As  a  means  of  gtuatng  knowledge  of  extenul 
tiling  ihe  nense  of  touch  ranks  next  in  importance  to  that 
of  M)(ht.  Auditon'  Heiisations  enter  Urf^ely  ;iriu  in  sevcnl  ways 
into  our  tifo:  they  Kcrvc  us  an  iiii[>orLiitl  means  of  coDimonica- 
tion:  together  willi  smeU  ami  taitte  they  afford  pleasure  and 
guide  our  ««t8 ;  hut,  as  regardi  our  direct  knowledge  of  tlw  ex* 
tenml  world,  we  learn  by  means  of  th«m  verj'  UtUe  compared 
witii  wluit  we  learn  by  sight  and  touch.  To  a  certain  extent 
we  make  UHe  of  touch  by  ttitelf ;  wo  bring  the  sorface  of  a  body 
into  contact  with  iiomo  region  of  thv  skin  such  as  the  finger, 
and  hv  the  several  sensations  which  we  receive  either  from 
svventi  points  of  that  region  at  the  same  Lime,  or  from  one  or 
more  points  i»  succesuon,  we  learn  certain  charact«n  of  the 
surface,  whether  for  instance  it  is  rough  or  smooth.  We  thtn 
aUo  asccrtiiiii  whether  the  body  be  hot  or  cold ;  and  we  mar. 
vithin  certain  limits,  form  a  jutigment  of  the  size  of  the  surface 
by  simply  estimating  tho  size  of  the  area  of  our  skin  with  which 
the  body  ciiii  be  in  contact  at  the  satiM  time. 

but  though  we  way  and  do  thus  base  conclusions  on  tactile 
perceptions  alone,  we  nto^t  frequently  employ  touch  in  associa- 
tion with  flight  on  the  one  hand  and  with  the  muscular  sense  d^ 
tlic  oilier.  H 

The  ties  indeed  between  touch  and  the  muscular  sen»e  art 
many  and  close.  When  wc  explore  the  nature  of  a  body  by  touch 
we  press  the  skin,  of  thi;  finger  for  instance,  on  the  bo<fy  ;  and  w» 
do  that  not  merely  in  order  to  determine  to  wiiat  extent  the  tac- 
tile sensation  is  increased  by  the  increosQ  of  pressure,  but  aUo 
and  indeed  clticfly  to  ascertain  the  amount  of  resistance  to  pra^ 
sure  which  i.-«  offered  by  the  body.  Hut  Lliat  resistance,  througfl 
which  chielly  we  judge  whether  the  body  he  soft  or  hatd,  tt 
appreciated  not  by  the  tactile  hut  by  the  muscular  sense. 

Or  again,  placing  the  finger  on  the  surface  of  a  body,  and 
moving  the  linger  over  the  surface  in  such  a  way  that  toe  con- 
tact,  as  judged  by  the  pure  tactile  sensation,  remains  the  same, 
we  find  that  in  one  case  the  movement  hns  lieen  continued  in 
the  same  plane,  whci-eujKin  we  judge  the  surface  to  be  0at.  tluit 
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ill  another  ca^te  tlio  Riiger  hu  bc«n  grndiially  carried  out  of 
the  plane,  whereupon  we  ja<ig«  the  snrfitce  to  be  curved,  and 
that  ID  the  third  case  tlie  movement  of  the  fingfir  haa  Wt-ii 
irregular,  whereupon  we  jud^e  Uiat  the  surface  is  irregular; 
and  so  on.  In  each  case  we  I'stiniatc  the  iiiovcnient  by  the  mus- 
cular suuHc,  and  thus  by  ii  comhinutiun  of  muscular  Mcuse  and 
of  touch  wu  form  a  jiid[;ment  of  the  oonformalion  of  vxteriml 
ImdiiM.  In  thti  samu  wav,  and  indeed  as  pai-t  of  the  ^nme  pro- 
cess, by  ft  combination  of  the  muscalar  sense  and  of  touch  we 
estimate  the  size  of  external  objects.  By  a  like  double  act  we 
estimate  the  position  in  space  in  relation  to  our  body  of  such 
objects  as  lire  within  our  reuch,  such  as  can  be  touched  cither 
directly  by  one  of  our  limbs  or  Judiructly  by  help  of  a  stick  or 
otherwise.  So  closely  bound  tof^ether  are  the  mu-tcular  sense 
and  th«  sense  of  touch  proper,  that  in  common  language  we 
speak  of  learning  thia  or  that  by  touch,  when  we  really  employ 
both  senseH. 

§  G64.  No  less  close  are  the  ties  between  sicht  and  touch  ( 
indeed  a  very  lar^  ttart  of  our  psycliictl  life  is  built  up  on  the 
association  of  visual  and  tactile  Kcit^ations.  There  is  no  part 
of  the  extvriml  world,  including  our  own  bodies,  which  we  can 
explore  by  touch,  «hich  we  cannot,  either  directly  or  by  optical 
aida  saoh  aa  mirron,  also  explore  by  viaion ;  and  oar  concej^ 
lions  of  the  nature  of  all  sucn  thingH  is  the  outcome  of  a  com- 
bination of  the  two  senses,  or  rather  bearing  in  mind  what  has 
just  been  said,  of  the  three  scnseH,  sight,  touch,  and  the  muscu- 
lar Munsc.  It  is  r«lntively  easy  to  recognize  blindfold,  by  touch 
alone,  tlie  charactcre  of  objects  witb  wliicb  we  am  alreatly  pre- 
viously familiar  by  help  of  vision;  but  it  ta  very  difficult  to 
form  by  touch  alone  an  accurate  judgment  of  the  form  and  size 
of  objects  which  we  have  never  seen.  Were  we  limited  to 
sight  alone,  we  should  form  one  set  of  conceptions  of  the  world, 
were  wc  limited  to  touch  wo  should  form  another;  and  the  two 
mli>  would  U;  diffcrcnt- 

In  tlie  conci^ptions  which  we  form  in  actual  life  the  two  tin 
combined.  The  congeuitally  blind  are  limited  to  one  set  only; 
and,  when,  a.4  has  ltap|>enea  in  caaea  of  congenital  cataract, 
those  who  have  been  blind  from  birth  are  I'estored  to  vision 
after  they  have  grown  up  and  have  accumulated  a  store  of  tsc- 
tUo  concoptioiLs,  they  fail  at  first  to  connect  their  new  visual 
mnsntious  with  their  old  tactile  ex]>crittncc.  The  stories  of  the 
flnit  exiwriences  in  vision  of  such  [jer^ons,  as  tlint  for  instance 
of  the  mun  who  had  to  feel  a  cat  in  order  to  connect  the  visual 
image  with  his  previous  tactile  image,  and  having  carefully  felt 
it  all  over  said  "  Now,  Puas  I  I  shall  know  you  again,"  illus- 
trate the  close  dependence  on  each  other  of  visual  and  tactile 
normal  [Ktrceptions.  This  is  also  indicated  by  the  zeal  with 
which  in  foniter  ilay*  th«  quusliou  was  discussvd  whvth«r  a  nuut 
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who  hnd  be«n  bom  bliiKl  and  restored  to  sif;ht  iii  adult  1 
could   lecoeiiizu  at  llrst   sight   and  by  siijht   alone  a  cube, 
square,  and  a  Hiihere.     It  is  perhaptt  eni>ecially  in  relation  to 
size  and  s|iace,  tiiat  the  two  seiisea  work  together. 

Tiiore  are  no  conveiKe  cases  of  persons  who.  born  without 
touch,  and  trusting  to  liiglit  alonit  have,  in  later  life,  had  touch 
restored  to  them  i  but  thciv  are  many  things  within  our  viuion. 
which  are  beyond  our  touch  at  the  moment  and  ^ome  which  we 
can  nev«r  toncli  at  any  lime;  our  concq)tinit«  of  thtste  latter 
are  more  or  Ie»s  unoerlain,  and  the  direct  ^ittnal  sen^^aiion-s  have 
to  be  atryngihened  or  norrectod  not  by  mere  sen&atious  but  by 
intellectual  ffforts  and  reasoning.  A  group  of  visual  aenM- 
tiouH,  constituting  a  visual  image,  may  have  an  ordinary  objec- 
tive cau«e,  but  may  be  an  ocular  illusion ;  aud  the  t^^st  wmch 
we  at  once  Apply  to  deti^rmine  this  is  that  of  touch;  Uie  ordi- 
nary idea  of  a  'gho^t'  h  that  of  a  something  which  we  can  see 
but  cannot  touch,  which  excilei  visual  sensation^  Imt  afforxU 
tactile  sensations.  Conventely  a  touoh  by  something  invisil 
a  touch  as  of  a  body  which  we  ought  to  be  able  to  see  but  aui- 
not.  we  iilso  recognize  as  unreal.  The  concordance  of  touch 
and  vision  affords  in  fact  to  a  large  extent  the  standard  by 
which  we  judge  of  the  reality  of  things. 

§  669.  The  la.st  mnuirk  naturally  leads  to  the  stutenwiit 
that  as  in  the  case  of  the  other  sensations,  so  in  the  case  of  tfa* 
several  cutaneous  sensations,  we  may  have  sensations  which  u* 
not  due  to  their  ordinaiy  objective  causes. 

We  have  sccti  that  visual  sensations  may  arise  from  changes 
in  the  retina  started  not  by  light  but  by  other  agents,  mechani- 
cal and  others;  and  the  <)Ui>«tion  presents  itself.  Can  touch 
proper,  the  sensation  of  pressure,  be  excited  otiierwise  than  by 
pressure  and  sensations  of  tomperat.nre  by  clianges^  in  the  skin 
other  than  those  of  temperature  f  No  very  definite  answer  can 
be  given  to  this  question,  though  the  case  quoted  above  (§  656) 
in  which  a  heated  spoon  applied  to  tlie  skin  produced  a  sensa- 
tion not  of  heat  but  of  eontact.  points  perhajw  to  the  afKmia- 
tivo,  as  does  also  the  fact  that  electric  currents  applied  to  tlie 
skin  may  produce  sensations,  pricking  sensations,  which  if  not 
identical  with,  may  at  least  be  confused  with  those  of  pn-ssurc- 

Cutiineous  sensations  of  all  kinda  may  however  be  of  ccntrU 
origin,  may  be  due  to  changes  in  the  central  nervous  system 
quite  independent  of  nil  events  in  the  skin,  and  may  yet  he 
referred  to  Uiis  or  that  region  of  tlte  skin  and  to  tbe  o^ective 
cause  which  ordinarily  gives  rise  to  the  sensation.  Painful 
aensations  indeed  may  rise  from  changes  not  only  in  tlie  central 
organs  but  at  any  pai-t  of  the  whole  length  of  the  ner>'e,  all 
being  referred  to  "the  cutaneous  terminations  of  the  nerves  oo 
which  the  cause  of  pain  is  usually  brought  to  bear.  Tactile 
and  temperaturo  senisatjona  as  we  have  said  cannot  originate 
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chnngea  in  the  nerves  themselvee,  but  they  niav  arise  throueh 
ch»it^i-«  in  thv  ci>ntriil  orguiiit ;  wo  may  b«  subject  to  tnctile 
phniitoiiis  companibli:  to  ociilur  phantoms.  Com]Hirc(l  with  vis- 
ual SL-nsiitioiis  liowvvcr  our  Uictilo  Mcintntious  nru  »o  to  sp<.-nk 
fiajriueRtitry.  A  moraentAry  exposure  nf  the  retJiiik  mny  fill  tbQ 
mind  with  a  complex  visual  image,  full  of  the  most  varied  inoi* 
dent ,  but  the  tactile  impressions  which  we  can  receive  at  any 
one  moment  are  few  and  »imple.  Hence  our  tactile  phantoms 
urc  also  sinipit;;  wc  may  fitncy  thnt  some  invisible  garment  hiw 
swept  past  us,  or  that  a  scomhiug  fLimo  hus  ]<assud  near  us,  we 
may  fix;!  that  the  hand  or  tlint  the  heiid  is  swullen  ami  large.and 
we  may  exiterienoe  an  imaginary  pnin  in  every  region  of  the 
skin  in  turn :  bat  the  most  that  we  can  thus  feel  ta  Dimple  com- 
pared with  the  possible  complexity  of  an  ocular  or  even  an  audi- 
tory- phantom. 

§  666.  Like  other  sousations  otir  tactile  sensations  while 
they  sometimes  give  us  trustworthy  informntiuii  of  the  exter- 
nal world  nt  other  tttnes  may  give  riite  to  illu^iontt.  Thi^  is 
well  illustrated  by  the  so^aileof  experiment  of  Aristotle.  It 
is  tmpcKHiMe  in  an  ordinary  iKMition  of  the  lingers  to  bring  the 
radial  side  of  the  middle  finger  and  (he  ulnar  side  of  the  ring 
linger  to  bear  at  the  same  time  on  a  small  object  such  as  n  nmrblu. 
Hence  when  with  the  eyes  shut  we  cnws  one  linger  over  the 
other,  and  place  a  murblu  bc-tween  them  ko  that  it  touches  the 
radial  side  of  the  one  and  tlie  ulnar  side  of  the  other,  we  recog- 
nize that  the  object  is  such  as  could  not  under  ordinary  conui- 
tions  he  touched  at  the  same  time  hy  these  two  portions  of  our 
skin,  and  therefore  judge  that  we  are  touching  not  one  but  two 
marbles.  Upon  ivpetition  however  we  are  able  to  correct  our 
judgment  and  the  illusiou  disappear. 
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§  667.  If  a  sniivU  mirror,  wnrmi-tl  in  order  to  avoid  ttiii  con- 
dviisntiuii  uf  moisture  upon  it,  bu  pkcud  in  an  approprinte  «lanU 
tug  position,  minmly,  n.1  about  an  anj;Ie  of  4.5*  wilh  the  horitoo. 
in  tliv  back  of  th«  pharynx  with  itA  upper  margin  resting  aminst 
the  bibte  of  the  iivuln  and  be  adequately  illuniinated,  a  \i«wof 
the  interior  of  th«  larynx  may  hi  obtained.  Sucb  a  mirror  with 
its  various  appurteiiiiiices  is  called  a  Iaryugosco|}o.  Tbv  details 
of  the  view  thuH  gained  ivill  of  coursu  vary  witJi  the  vxaut  putt' 
tion  and  inelination  of  the  mirror,  but  Uiv  loUovting  nuijr  ' 
taken  as  U>e  average  apjiearance  (Kig.  183). 

In  front  (reversed  of  courae  in  the  mirror  unag«)  will 
seen  the  edge  of  the  back  of  the  tongue  {/<},  and  immediately 
in  front  of  this  the  top  of  the  epiglottis  (*■).  Thejw  partii  will 
of  necesnity  appear  much  foreshortened,  and  peeping  out  from 
underneath  tlie  top  edge  of  tho  epiglottis  may  be  wen  tbo  swell- 
ing at  it»  base  known  as  ibe  "tubercle"  or  "cushion  of  the 
epiglottis  "  («').  The  curved  sides  of  the  epiglottis  will  be 
seen  sweeping  away  to  the  Heht  and  to  the  left,  and  eroerginc 
from  near  the  end  of  each  will  be  viaible  the  air-epiglottic  fold 
{ar.ep.f.)  on  which  are  obvious  first  the  rouiid  swelling  due 
to  the  cartilage  of  Wrisbei^  (wr)  and  nest  that  due  to  the  car- 
tilage of  Santorini  («).  Itat  the  time  when  Uio  view  is  being 
taken,  the  voice  is  being  uttered  and  especially  if  a  high  note  is 
being  given  (Fig.  187  A^  the  two  cartilages  of  Santotini  are  ia 
close  apposition,  and  the  muconii  membrane  )>etweeQ  is  folded 
up.  If  no  voice  is  being  uttered  and  especially  if  a  deep  insjfl- 
ration  bo  taken  (Fig,  187  S  and  C),  the  cartilag*.'H  of  Santonat 
are  far  apart  and  the  mucous  membrane  betwwn  them  .-vpiwaw 
as  a  ridge  completing  at  the  hind  part  the  rim  of  the  aperture 
to  the  larynx  :  there  may  also  be  seen  on  each  side  lying  imme- 
diately to  the  median  side  of  the  prominence  of  the  cartilage 
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Fi«.  163.    DiADRUi  or  A  LiBTinioiMtFto  THw  or  rum  LkSTTX  (nMcoIDeil 

twice). 

L.  til*  bttM  of  the  lODfroe.  t.  ilir  epiirlotllo,  nnm  tnrr«lir>r1i'Dml  witfa  «''  II* 
eu)ilili>n.  ar.rp^t.  tbr  an-t^pulullic  fijidx,  IF.  tlie  Ca|>iluliiiji  Wrlxbericl,  S.  Cftp. 
Itutum  Snltt'iriui ;  thi?  inUEous  mciiibniiic  liFlnvrii  itie  aryUrnuitJn  is  BlretChH 
■traitiht.  ilii-  notfli  beinf  iiuri'ly  indicntpcl.  i^.r.  rociil  c.snLf.  e.t.t.  vcrttrieuUr 
Imnitu,  r.(.  llip  ojMTiilng  Intii  the  vi'titdcl*'  "(  tltc  Inryiix  "'■<■"  Iwlwocn  thcln.  Tta 
firmer,  bouiiiliiiK  l-li^  wiJi'ly  open  Kinttif  >i(  ni<>n>  or  Ii-hi  lri:ti>)nilni  tnrm,  tlircnil^ 
wlik'li  s  view  of  Uui  trauhsft  (Tr.)  U  obt&iui'ui  aru  teeu  to  eud  In  Uie  pruceatua 
Tocftleit  (p.r.). 

On  ritch  ildr  of  tlir  Inryni  la  nci^  t,p.  Ui«  pyrltorm  kmk.  fK.  the  Und  vtkII 
o(  ilic  phtnryiix.    (./.  the  iiivdl&ii  ^lo8»o-epi^oltic  fold. 

of  SanU^rtiti  n  shallower  promineitce  duo  to  tb«  top  of  tho  mryia- 
noiil  iUcIf,  kIiuw-ii  nt  a  iu  Fig.  187  B.  Bvtneen  tlie  two  pluisvs 
of  coin[)let«  apptwitioii  and  of  the  widest  sojiamtion  of  l\w  tuber- 
cles of  Santoriiii,  iiiteni)i.>ili:it«  jihaHc^i  may  from  time  to  tJme  be 
Been,  such  a^t  those  shewn  in  Kig.  183.  Fig.  187  H. 

These  sevenil  atruotures  define  the  superior  aperture  of  the 
larynx  which  in  the  laryngoscopic  view,  owing  to  the  foreshort- 
ening, io  not  seen  as  it  U  III  a  (lissi-ction  (Fig«.  184,  185,  186) 
Daintily  «a  a  slanting  orifice  with  a  long  fonu  And  aft  diameter 
hut  appears  lui  a  rhomboids)  space  with  the  tranitverae  diameter 

fenerally  tlie  longer  one.  If  no  voice  i-s  lieing  uttered,  and  tlio 
reathing  ha  gentle  and  quiet,  Uie  glottic  may  lie  seen  within 
thin  aiverture  tm  a  nlit,  moi-e  or  less  in  the  form  of  an  elongated 
isosceles  triangle  with  the  apex  diprang  beneath  the  cushion  of 
tlio  epiglottis,  the  sides  formed  by  the  vocal  cords,  and  the  haae 
bv  the  ary tenniils  with  the  membrane  between  them,  f  n  a  favour- 
able view  (Fig.  183)  the  %'oenl  eonis  (I'.c)  may  be  seen  to  be 
attachitd  to  the  processus  vocale^  and  the  distinction  betweeo 
the  memhranotis  and  cartilaginous  glottis  nliserved.  On  the 
ontdide  of  each  vocal  cord,  separated  from  it  by  the  toouth  of 


J 


1072, 


THE  VOICE. 


CBmshl 


the  corresponding  veDtriclo  of  the  larynx  and  rctehtni;  ta»  tk» 
side  of  tbt-  Utyngval  aperture,  may  be  seen  the  r^imcaUr  buid 
(c.v.t.').     By  t'buir  wttila  colour  the  vocal  cords  prsBent  >  stmBg 

contrast  to  ttm  rest  of  the  larj^nx. 


f/m 


H 


H^N 


:M. 


j\-. 


■v.s,lj 


^ffP 


\r-- 


..m.i 


...CI 


KH'ii 


I'iri 


Tr™.- 


Fio.  IM.  Fio.  186. 

Fic.  IM.     DunnAU  ur  luc  SrrEniOK  ArsKrciui  of  nu  Laktitx. 

Tbo  on«ophii£iiii  luid  pharynx  aiv  Hippowd  U)  b*  bJd  open  (rOBi  twhtiid. 

e.  tli^  upJglotU*  wttli  (■'  SU  cushion,     ar.r./.  the  arr-epif^otUe  foU.  oa  wh 

an  M-un  tb»  nr«UUiei  or  "capiiuln"  cauncd  (IF)  t^  ^'>'  canUa^ at  Wrl^    

and  (5)  by  the  cartlliv<'  o(  S.-mturini.    L  th«  notcli  or  bdmm  in  ihe  biumwi 
told  unltllV  inmsvcnwly  thr  l  »u  aryHrnoIrl  canlUitM. 

1.  (placvd  tn  ibe  mMdIe  line  of  tlie  biuu>  uf  thi:  lon^m)  the  mcdiuo  and  (S) 
tb«  l&U'ral  itl[)HO.«plgloUiu  (»ldii,  lUe  lottm  fonnini;  the  boand«i>  or  tlv  drpm- 
•Ion  (8)  caQod  the  mkxuila.  4.  the  plia:fjnvo.opt|^otUc  told.  i.  the  siiujvfp- 
laiyngwl  or  pyrltono  naem. 

Fw.  166>    Diagram  or  trr  LiRTKS  ik  raiincAt.  azcTio*.  ■ 

e.  the  oplRlnttU.  1.  (hn  hawi  fit  the  tongoo.  i/y.  hyolil  lioQ«.  Th.  HtjtM 
Cftrtllngi? ;  C'ri.  crici>lil  carUI%gi> ;  7V.  tnduU)  caritlo^ :  all  cot  icnnA, 

H'.  tlu>  (irrUing  due  to  th«  cnritLii^  of  Wrisbcr;  and  S.  Uiat  due  (» tke  oajv 
tUage  of  Snntorini ;  Imui  thiiU!  nmlni-TKHs  fold*  dcMctid  tonanlji  the  pro 
TOOalin  ol  tliR  Rryt^nold.     en.  thn  inio,  and  «,«.*.  itio  Cabn  vix^  cari  or  "] 

oshtr  bund,"  with  t.lio  in<>iiili  ol  tli*  vcniricle  i4  iii»  laryiis  p.  bew         

n.a.t,  t.lin  iraiisvenu  arytcoiotd  mu«cl«  cut  ocrwu.    P'u  piaoaxl  is  tbe  oa«1t7  < 
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If  tlio  voice,  ftnd  eipecially  if  a  higli  note,  be  uttered  the 
view  ohiuiges  (.V"\g.  187  A")  ,  Ixuiidin  nn  »lt«Tatioii  in  the  form  of 
the  kryngual  aiierture,  the  vocal  i:or(J»  lire  seen  to  be  bi-oufjht 
clooe  together  and  nearly  pai'allel  8o  that  the  glottis  becomes  ti 
mere  slit.  If  no  voice  is  being  uttered  and  a  deep  inspiration 
be  taken  changes  of  anothL^^  kind  may  be  observed  (Vig.  187  C) ; 
tb«  glottis  becomes  a  wide  aperture  with  the  form  of  a  tniucated 


Pin.  IM.    niAAKAN  or  im*  L-tKVvz  m  vuirtfiAi.  TKAnrakn  Mcrioif. 

Hy.  hfold  bone.  Tk.  thyroid  CMtHmd;  Cn.  criooUl  Ckltlltf^;  n.tA.A. 
thjTn-liyold  mfimbrane.  kll  cut  uiou. 

(.  (^pitdolti*,  r'  itacuabion.  ir.F.«.  vfrntricular  baiuU,  r.  e.  vocal  eocda,  villi  v. 
the  TrncriclcB  of  tht  Inrynx  briirocii  chom.     T.  the  mch*«. 

A.  Ilie  iut«ni&l  Ibyi^rj'tcnLiiil  miuclv.cut  aprcsii  ItUtceo  to  (orm  tli«toulk 
ot  tbe  wt-ii^-flliAped  prnjectmn  □(  wbidi  tbc  vocal  cord  ta  the  extrcmo  odgc  B. 
Ute  cxlcnuil  IhjrrivuTtenaid,  eat  acroM. 


rhomboid,  the  obtuse  angle  on  each  side  marking  the  attaeli- 
nieiit  of  the  vocal  cord  to  ibe  processes  vocolis:  through  this 
wide  opening  the  tntche«l  rings  are  clearly  visible,  and  indeed 
with  an  appropriate  position  of  the  mirror  the  bifurcation  of  the 
trachea  into  the  bronchi  may  under  favourable  circumstances  be 
observed.  When  changes  in  the  voice  or  in  the  breathing  are 
being  made,  the  white  glistening  vocal  cord*  may  be  seen  to 
come  together  or  to  go  apart  like  Uie  blades  of  a  pair  of  aciwon. 
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§  668.  Laryngoseo[MC  oljscrration  then  t«acli«s  that 
Ian,-nx  is  used  not.  only  for  the  utterance  of  voice,  for 
Uon,  but  also  for  breathing ;  and  indeed  in  speaking  of  respin- 
tion  we  called  attention  to  this ;  bat  tlie  former  is  ita  more 
iniportant  use  and  we  may  chiefly  dwell  on  thia,  referring  in- 
cidentally  to  the  respiratory  functions. 

In  order  that  the  membranous  edgcd  of  an  aperture  may  be 
readily  thrown  into  sonuruuH  vibratioos  by  a  blast  of  air,  the 
edges  should  be  brought  near  together  and  the  aiierture  reduced 
to  II  mere  .slit.  ITence  the  fundamental  condition  for  the  forma- 
tion of  the  voice,  and  indeed  speaking  generally  of  voices  of  all 
kinds,  ia  the  approximation  and  consequent  more  or  less  panl- 
lelism  of  the  vocal  cords. 

In  the  voice,  as  in  other  sounds  (cf.  §  620),  we  distuifuush 
three  fundamental  features:  (1)  Loudness.  'Fhis  depenok  on 
the  strength  of  the  expiratory  blast.  (2)  Pitch.  This  dependt 
on  the  rapidity  of  the  vibrations,  and  this  we  may  in  a  broad 
way  con-sider  a.>t  determined  on  the  one  hand  by  the  length  and 
on  the  other  hand  by  the  tenHion  of  the  vocal  cords.  \V  bat  w« 
may  call  the  natural  length  of  the  vocal  cords  is  constant,  or 
varies  only  with  age ;  ana  the  influence  of  this  factor  beam  oa 
the  general  range  of  the  voice,  not  on  the  particular  note  given 
out  at  any  one  lime.  The  tension  of  the  vocal  cords  on  the 
eontmrj-  \s  verv  variable,  and  the  pitch  of  any  particular  note 
uttered  depends  in  the  main  on  this ;  hence  great  importance 
attaches  to  the  mecbaniitnLs  by  which  changes  in  the  tension  of 
the  vocal  cords  are  brought  about.  But,  as  we  shall  see,  the 
problems  connected  with  the  compass  of  a  voice  and  with  changes 
of  pitch  are  very  complex  ;  in  considering  these  things  we  liaw 
to  uo  with  much  more  than  mere  variations  in  the  tension  of  the 
vocal  cords  along  the  whole  of  what  vo  have  called  their  tiaUltal 
length.  These  matters  however  we  shall  deal  witli  later  on. 
anu  may  for  the  present  consider  tension  as  the  main  factor  of 
changes  in  pitch.  (3)  Quality.  This,  as  we  have  seen  (§  6iO), 
depends  on  the  nunil>er  and  character  of  the  partial  tones  accoio- 
I>an)'ing  any  fundamental  note  sounded,  and  is  determined  by  a 
variety  of  circumstances,  chief  among  which  arc,  on  the  ooe 
hand  the  form,  thickness  and  other  physical  qualities  of  the 
cords,  and  on  the  other  baud,  the  dispositiou  of  the  resonance 
chamber,  or  parts  of  the  respiratory  passage  other  than  the 
glottU  itself. 

We  may  confine  ourselves  in  the  first  instance  to  the  condi- 
tions  which  determine  the  mere  utterance  of  the  voic«  and  to  the 
mechanisms  which  affect  the  tension  of  the  vocal  cords,  and  hence 
the  pitch  of  the  voice.  The  problems  therefor*  which  we  have 
to  attack  are,  fiTsU  By  what  means  are  the  cords  bronuht  neoirj 
each  other  or  drawn  asunder  as  occasion  demand."*?  and  .leconc"' 
By  what  means  Lt  the  tension  of  the  cords  mode  to  vary? 
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mny  Hpcak  of  tlicM;  two  actioiis  as  nnrrowiiig  or  widL-iiing  of  tlu' 
glutlK,  lulduotion  or  nbduclioii  uf  thu  vilges  of  lite  glottitt,  and 
tigiitvtiin^  or  relaxation  of  the  vocal  coi-ds.  We  niay  iii>t  dwell 
on  the  muscular  as{>ecta  of  the  niechanisreis  by  which  these  renulUt 
are  brought  sbout,  taking  tlie  nervous  faotors  into  connidflration 
afterwaros.  The  change  of  form  of  the  glottia  js  best  undemtood 
when  it  is  borne  in  mind  that  each  arytenoid  cartilage  is,  when 
seen  in  horizontul  section  (Fig.  187).  somewhat  of  ttie  form  of 
a  tnaugle,  with  a  niudian,  tui  cxtvnuiU  and  a  potsU;rior  aide,  the 
processus  vocalis  being  placed  in  thi?  anterior  angle  at  the  juuc< 
tionof  the  median  una  external  sides.  When  the  cartilages  are 
so  placed  that  the  proceaaus  vocales  are  approxiniated  to  each 
other  and  the  internal  surfaces  of  the  cortil^es  nearly  parallel, 


Ftc.  IBT.    Tun  Laktnx  *•  ibkii  bt  iiu>t  or  tui  I,AktiniiMcor«  >H  MpmsBT 
coKMTtonor  Tint  OtiOm*.    (FiamQualn'aAiiUoBij'.alcerCKniialL) 

Jwhll«ilu|[Liigahl|rtiiKit«;  Ainqulat  brMUhlag;  C during  kdMp  inifiln- 
Uoa.  Tbe  corrafwndlng  dlagnsimulc  llitnTM  A'.  B",  C.  lUiuuaU  Uw  ctiup* 
in  piMittuti  of  Um  mrjtetuM  cartOtifiM.  >nd  ihe  fom  ol  iLe  rina  wcalia  aul 
tima  rMpitatoria  In  tfac  Bbore  Umo  candition*. 

I  the  baM  ot  tho  tongar ;  r  Uic  upper  free  part  of  ibe  epigloulii  «*  thi* 
(nbucUorciuhlonail  tbo  nplelriitlii  i  ;iA.  pun  of  tManWrionraflM  Uw  pharynx 
beblnd  the  luryns  ;  w  swelllnx  tn  Uip  ar)tano-«p(itlottIdeaB  fold  eaman  bjr  the 
cATtilaiw  C't  WrMiarf  t  ■  awelliiiK  oaaaed  bf  Utr  cartltami  of  Suttorial :  «  Uw 
HUiDtnituf  tliPanrtenaldMttilage;  e«  tbe  *ooal  conls ;  rr«  tbo  vMtrtanlar  banlt  i 
(r  the  iraobck  wnb  ito  rlnp  i  ft  thr  two  bronchi  at  their  coianenemictit. 
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the  glottis  is  narrower]  (Fig.  187  A').  Whea  on  the  contnir^ 
the  cartilages  are  wheeled  round  on  tbu  pivot*  of  their  articula- 
tioiiH,  6o  that  the  proceHsus  vocalcs  diverge,  and  thv  intornal  sur- 
faces of  the  cartilages  form  an  angle  with  bAch  other,  the  glottis 
is  widened  (Fig.  187  B\  C").  Moreover  the  two  cartilngCK  may 
to  a  certain  extent  be  bodily  drawn  together,  or  dragg^  ap»rt, 
the  two  hind  angles,  between  the  median  and  posterior  sides, 
being  now  close  together,  now  apart.  ^ 

§  669.  The  iniiaclea  of  the  larynx  though  small,  are  nunieil 
ous  and  eompliciiUid,  and  are  so  disposed  in  respect  to  their 
origins  and  insertions  and  to  the  swuep  of  their  fibres,  that  the 
effect  of  the  contraction  of  one  muscle  will  depend  upon  whether 
or  no  and  how  far  other  muscles  are  thrown  into  contraction  at 
the  same  time;  moreover  in  the  ca.se  of  some  of  the  muscles 
at  least  the  effect  is  different  according  as  the  whole  muscle  l^l 
a  part  only  contracts.  ^| 

The  finst  muscle  to  which  we  may  call  attention  is  the  trout- 
verse  arytenoid  (M.  arj'tenoideus  posticus  s,  transversus^  (F'g- 
1S8)-     This  is  a  relatively  thick  niu»ule  covering  the  hind  sur^ 
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THK    I'OSTKBIUH  CKtOO^*lirTa!(OII>   MtlWUi*. 


A.  shews  th(?  thrci>  tnaattlt*  lo  position  In  ttfcrence  to  tli«  Aprrttuv  of 

laiTnx  ;  B.  iihDwsUi<>MUchmontsof  tbouauavera^  vyWouid  and  poMcttor  crloo- 
•i^t»nolit. 

m.9Ti.  trannwnie  arjimoid  muwlp.  m.ert.ar.p.  potterlor  crlco-MTtenoid 
UUiiok.  iD.ir.n.  nbllqiin  itrytcnnld  rauxctc,  Onf.  cricoid  eaiU)<^.  .-fry.  wy- 
Unoid  canllnM.  p.m.  pmcesBiu  muNculsris  of  wywaoid  CMtlUge.  W.  pnml- 
sonc*  of  ciwillMe  of  Wriaberg.  S.  promiiieDce  of  cartikgc  tA  Sanurtnl  (to  Jl.  U 
msrlis  Uie  usriiu^  IImU).    mxr.lh^.  in  tlicsmnll  ixmMrlm-cilctMhjraUnHiaek. 
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facea  of  both  arytenoid  cartilagi-s ;  tlio  Bbnw  starting  from  tbe 
outer  edeo  of  one  cartibigo  run  transveracly  acrosM  to  thv  out«r 
edge  of  Uie  otbtr  curtilagu,  and  the  belly  of  ihe  miwcle  occHijies 
tlic  concave  hind  surfaces  of  the  two  cartilage-i  together  with  the 
int«rv(!iiiiip  space.  The  effect  of  the  contraction  of  this  muscle 
is  to  bring  the  two  cartilagps  closer  together  and  so  to  narrow 
the  glottix;  indeed  it  in  an  auiiusl  it  be  divided,  the  glottis 
remains  widely  open  behind.  It  is  an  important  closer  of  the 
glottix,  adductor  of  the  vocal  cords.  When  it  is  not  contracting 
the  cartilages  come  apart  through  tlu;  elastic  reaction  of  thoJr 
connections. 

Most  important  is  a  mass  of  niuRcuIar  fibres,  which  Hi.-iiiing 
from  the  lower  part  of  the  reentering  angle  of  the  thyroid  tsias 
horizontally  but  inclined  somewhat  upwards  to  the  ar)'t«noias  at 
about  the  level  of  the  vocal  cords.  The  whole  mass  is  described 
a-t  forming  two  muscles.  The  outer  or  lateral  ^wirt  ending  in  the 
onter  edge  of  the  arytenoid  and  ujti^cr  part  of  its  processus  mus- 
cularis  is  called  the  external  thi/ro-ari/tenoitl  (XI.  thyro«ryto- 
noiduus  cxturniis)  (Figs.  li^O,  ni-Mjir.*-.  186  jB.)  The  direction 
of  the  muscle  as  a  wh(ile  is  horizoncally  backwards,  Uiongb  in- 
clined outwards  and  upwards,  hut  the  constituent  individual 
bundles   run   in   various   waj~a  and  some  even  pass  vertically 


m.th.ar.i . 

mthare./ 
nith.ar.ep 

pm  oe     mart 

Fra.  IM.     DuOKAa  to  ru-OrsATK  riiE  Tnino-ARTTKicoin  Ucmclkh. 

Ttie  flpm  raprewnu  « tnuwvene  wclioii  o(  ibe  Lujax  thnxi^  Uie  bMM  ol 
Out  arytenoid  eutilngH. 

jlrjr.  Arrtonold  cutilaRB.  fi.m.  procMinw  mnncnlarl*.  f>.t.  pcocmMiu  vocslk. 
TIL  thyroid  CATtlU^,    e.p.  vocal  Mrd^     Or  is  placed  In  ibe  (Mophagu. 

m.l\.ar.i.  intAmal  thyrtvarytrnuiil  luusck,  m.lfi.ar.e.  external  Uiyro.«nte- 
uuid  miuclc.  in.tA.ar.f)9.  portM  tbo  thyto-nry-i'pigtottli^niiiicli.'i-ut  man  or  1cm 
tnuuvcncly. 

into  the  ventricular  bands.  To  the  inner  or  ntedian  side 
of  this  external  muscle,  between  it  and  the  corresponding 
vocal  chord,  lies  the  inner  muscle  which  running  from  the 
reentering  angle  of  the  thyroid  to  the  processus  vocalis 
and  outer  surface  of  the  arytenoid  fonus  a  wedge.shaped 
aMM,   the   tliiu   edge  of  which   is  covervd  by  the  actual  vocal 
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nwleft  halT««  ot  tlie  thyroid  &iid  cricoid  h&ve  bei!ii  mnorad  w>  as  to  Acw  thr 
ill^  MTtcnuid  in  positiun. 

Tit.  Uiyr»id,      Cri.  crlcolil.      Ary.  krytonnld.      iS.  caTtllimi>  o[   Ssatorin. 
l,tr.ar.  llie  rrlcn-atyi«iii>iil   lif[»meat.      m.lh.ar.i.   Uie  lcl«rual   Uiyro-Mjlwwifci 

nuKcle,  with  e.t>.  the  vucaI  cord. 

horizontally  backwards,  but.  as  in  the  external  muKcIe,  th« 
stituent  bundles  run  in  viirioua  directioot)  and  some  are 
to  end  or  begin  in  tlie  vocal  coi'd  itself.  One  most  important 
action  of  these  two  muscles  is  undoubtedly  to  bring  trie  an-- 
tvnoids  nearer  to  the  thyroid  and  so  to  slacken  the  vocal  cords; 
but  they  jirodnce  other  effeets.  and  their  contmctiontt,  especiallr 
those  of  the  external  muscle,  help  under  circumstances  to  bring 
the  vocal  cords  together  and  so  to  narrow  the  glottic.  They  alao. 
as  we  shall  see,  produeu  changes  in  the  form  and  tliicknen  of 
the  cords. 

Of  less  importance  tlian  any  of  the  above  is  a  small  muscle 
whicli  starting  from  the  processus  muscularis  of  one  arj-tenoid 
passes  (Fig.  188  A,  m.ar.o.)  obliquely  upwards  towards  the 
auromit  of  the  other  ar\'t«noid,  crossing  its  fellow  obliquely  at 
the  back  of  the  transverse  arytenoid  muscle,  which  it  thus  par- 
tially covers ;  some  of  the  fibres  seem  to  end  in  the  cartilage 
Santorini  but  most  of  them  are  continued  to  the  thyroiu,  t1 
arj--epiglott4n  fold,  and  the  liase  of  (he  epiiiliitlis.  It  is  calli 
the  ohUqar  arytenoid  (M.  ar\'tenoidetis  obliijuun)  or  it  may 
regartletl  as  part  of  a  flat,  irregular  muscle,  the  thyro^iy-epd- 
glottio  muaole  (Fig.  186  m.tK.ar.ep.'),     Ita  action  is  to  apj 
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imate  the  two  arytenoids  and  so  to  help  la  clotting  the  glottis. 
It.  with  the  transvorso  arytenoid  and  tiie  extcriiw  tliyro-aryta- 
noid  mmcles.  may  be  lookud  upon  an  forming  togetlior  a  sort  of 
Hphtnctvr  of  tho  Lirjnx ;  Uieir  combined  contractions  certainly 
tend  to  close  the  glottis. 

A  relatively  large  and  very  important  mtiHcle  is  iheposttrim- 
crico-arytenoid  (M.  crico-arjtenoideiis  posticus)  (Fig.  188 
m.eri.ar.p,').  This,  starting  from  the  lower  part  of  the  hind  sur- 
face of  tae  cricoid  near  to  tlio  median  line,  passes  obliquelr  up- 
wards to  be  inserted  into  the  outer  edge  of  the  arytenoid  just 
lx.-low  the  insertion  of  the  trausvente  arytenoid  muiscle,  at  tlio 
upper  part  of  the  processus  miwculjiris.  Iw  chief  action  \s  by 
wliecliug  tliu  outer  corners  of  the  arytenoids  backwards  to  throw 
the  processus  vocalis  outwards  and  so  to  widen  the  glottis;  it  is 
in  this  way  a  special,  we  may  perhaps  say  the  onlv.  dilator  of  the 
glottis,  or  abductor  of  the  cords ;  but  it  is  maintained  that  it 
Has  other  actions. 

The  above  muscle  acting  as  a  dilator  mcetM  itA  antagonist  in 
the  lateral  rrico-ari/tenoid  (M.  crico-arytenoideus  lateralis  s.  ante- 
rior)  (Fig.   191  M.cr.ar.l.%  which   taking  origin  from  a  large 
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Fro.  191.    Tub  Lirnui.  CKi<7o-imTT>B0ii>  MuNiA. 

Ary,  Mpunoia.  p.r.  proocams  vocnlln.  p.m.  proocMiM  tniiKcnlula.  CM. 
taicoM.  1.  Rorfiice  (en'  artlciilatliu  Of  lower  c«ma  of  thjiDld.  n^.ar.  t.  Um 
lat«Ml  criO(k-atji«Doid  muscle. 


fv>.  IK.    Tas  Ciiioo-T«TiM»»  Huwu. 

7%.  tbyroid :  r.i.  tu  inferior  coma.  Cri.  crtoobd  ;  m.er.iA.r.  Uw  smiaht 
pan.  M.oriA.o.  the  oblique  part  of  Uw  crico-Ui^'roid  iButdv.  M.cr.lA.  otoo^ay- 
niM  membnjic 

[x>rtion  of  the  upper  border  of  the  cricoid  cartilage  in  ita  lateral 
parts  in  front  of  the  thyro-cricoid  articulation,  passes  upwards 
and  backwards  to  be  inserted  into  the  processus  muscularis  and 
outer  side  of  the  arytenoid  in  front  of  and  below  the  insertion 
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of  the  posterior  orioo-ttrj-tenoid.  Its  main  action  is  to  wheel 
tlie  outer  comer  of  the  arytenoid  forwards  and  inwards  and 
thus,  by  converging  the  processuR  vocales,  to  adduct  the  cords 
and  to  narrow  Uie  glottis :  and  it  has  been  urged  that  it  may  in 
this  action  be  assisted  not  antagonized  by  a  part  of  tJie  prcceoing 
muscle. 

Tho  last  imiscle  to  which  we  need  call  attention,  and  which 
in  »onie  renpeets  stands  apart  from  the  rest,  is  the  erieo-thyrdii 
(M.  crico-tiiyroidcns  anticus).  Thia  (I'^ig.  192  «-.rA,)  starts 
from  the  front  lateral  surface  of  the  oricoid,  near  ita  lower  bor- 
der, and  passing  ohliijuely  liackwarda  and  upwards  is  inserted 
into  the  lower  edge  and  inner  lateral  surface  of  tho  thyroid.  It 
is  sometimes  subdivided  into  a,  front  part  (cr.tf4.r.')  the  fibre* 
of  which  run  more  directly  upwards  (M.  or.  thy.  rectus)  and  a 
hitcral  part  (cr.(A,o.)  the  tibrus  of  which  run  in  a  inor«  oblique 
direction  (M.  cr.  thy.  obliquus).  The  action  of  the  muscle  w  ft 
somewhat  coni|i]icat«d  nne,  but  the  effect  of  ita  contractions  as 
a  whole  is,  if  the  thyroid  be  regarded  as  the  more  moveable 
of  the  two  cartilages,  to  pull  the  thyroid  downwards  and  for- 
wards over  the  front  part  of  the  cricoid,  or,  if  the  thyroid  be 
supposed  to  be  the  more  fixed,  to  rotate  the  cricoid  on  its  tran- 
verso  axis,  pulling  upwards  the  front  part  and  tilting  down* 
wards  the  hind  part  on  which  the  arytenoids  sJt;  tli«  latter 
is  probably  its  real  action.  U[K)n  either  view,  its  contractiuus 
iiiCK-ase  the  distance  between  the  reentering  angle  of  ti»e 
thyroid  and  the  prncei^sus  voealia  and  so  stretch  the  vocal  cord: 
it  is  in  fact  the  ninin  tightener  of  the  vocal  cords. 

There  are  other  small  muscles  in  the  larynx  as  well  as  mus- 
cles connecting  the  larynx  with  surrounding  parts ;  but  it  is  not 
necessary  for  us  to  dwell  on  them  here.  Meanwhile  it  is  ob- 
vious from  what  we  have  said  that  narrowing  or  widening  the 
flottis,  and  slackening  or  tightening  the  vocal  oords,  are 
I'oujrbt  about  by  tbe  above  muscles  acting  somewhat  flH 
follows.  ^1 

§  6J0.     Narrowing}  of  the  <flotti»  ;  adilnction  of  the  vocal  cont*. 
The  glottis  is  narrowed  by  the  combined  contraction  of  the  ihre^ 
muscles  which  ive  spoke  of  above  as  forming  a  sort  of  sphinctfifl 
for  tlie  lairnx,  namely,  the  tranaveise  arytonoid,  the  oblique  ar^ 
tenoid  aim  the  (external)  thyro-aiytenoid.     These  pro<luce  their 
effect  chiefly  L^  bringing  the  two  cartilagw  near  to  each  other 
in  the  midtile  line,  and  in  this  action  the  tmnsveniie  arytenoid 
muscle  is  the  most  jxttent.     Hence  this  mu.iele  may  he  regarde<l 
OS  the  most  effective  of  the  constrictors  of  the  glottis. 

The  glottis  is  also  narrowed  by  the  lateral  crico-anrtenoid, 

but  this  produces  its  effect  by  ro^tion  of  the  arytenoid  carti- 

lage.t;  it  pulls  the  processus  muscularis  forwards  and  so  throws 

the  processus  vocalis  inwards.  — 

Widening  of  the  glottiit ;  ahduetian  of  the  vocal  eorcU. 
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cliicf  it  not  the  only  agent  for  th«  wtdviiiiig  of  ttiv  glotlis  ia 
the  posterior  crico-aryU'Hoid,  Tliis.  pulling  tlic  ouU-r  edge  of 
till]  ur)-tviiuid  liackwtiitLt,  throws  th«  procea!tui<  vocnlv«  out- 
wnrds,  und  so  aUlucts  the  vocal  cords.  It  has  been  argued  that 
the  transvenw  arytenoid  acting  alone  or  in  concert  with  the  above, 
or  at  least  in  the  absence  of  any  contraction  of  the  other  mem- 
bers of  tlie  sphincter  group,  would  also  wheel  the  outer  edge  of 
the  arytenoid  in  the  same  way  and  so  also  abduct  the  vocal 
conLi ;  but  the  cvideitco  seems  to  be  against  this  view. 

Tiffhlrning  of  the  vocal  cordt.  Tins  is  csjii-ciiilly  rffcctt'd  by 
on«  nusolu  on  I'rach  side,  namely  by  tJie  orioo-tliyroid  which, 
by  bringing  the  thyroid  and  the  front  t>art  of  the  cricoid  neai'cr 
to  each  other,  increases  the  ilistance  between  the  thyroid  and  the 
aiTtenoids  when  the  latter  are  lixed.  Supposing  the  transverse 
antcnoid  and  posterior  crico-arytcnoid  to  tis  the  ar\'t«noida, 
the  direct  effect  of  the  contraction  of  the  crico-thyroid  is  to 
tightt^'ti  the  vocal  cordH.  There  is  besides  a  spociul  action  of  the 
internal  thyro^l^ytclloid  by  which  tliis  muscle  becomes,  in  con- 
trast to  the  external  thyro-arytenoid,  u  tightener  of  the  cord ;  of 
this  action  we  shall  spcnk  Inter  on. 

Slackfitinif  of  the  votal  c<ird».  This  is  effected  by  the  whole 
sphincter  group  just  mentioned,  but  more  especially  by  the  ex- 
ternal thyro-an'tenoid  and  to  a  certain  extent  by  the  internal 
thyro-arvtenoif! :  these  acting  alone,  produce  an  effect  the  re- 
verse of  tliat  of  the  crico-thyroi*l,  bringing  the  ar}-tcnoid 
cartilages  nearer  to  the  thyroid  curtilagi-,  and  so  shortening 
the  distance  between  the  processux  yoc»K*s  and  that  body. 

These  Severn]  acts,  however,  the  widening  or  narrowing  of 
the  glotti.s,  the  tightening;  or  slackening  of  the  vocal  cords,  are 
only  the  gi-oss  aoln,  so  to  s|>eak,  of  the  movements  of  the  larynx. 
When  a  voice  of  any  kind  has  to  be  uttered  the  cords  must 
bo  approximated  anrf  to  a  certain  extent  tightened;  and  for 
the  carrying  out  of  even  these  gro«  act*  not  one  muscle  only 
but  more  than  one.  and  often  sevotul  are  brought  into  play ;  the 
movementit  which  give  rise  to  any  kind  of  voice  are  combined 
and  coordinated  movement*.  But,  as  we  shall  see  presently, 
when  this  or  that  particular  kind  of  voice  is  being  uttered  or 
when  changes  in  the  voice  are  being  effected,  the  above  words, 
widening,  tightening  and  the  like,  vcr)'  imperfectly  describe 
what  is  tJiking  place  in  the  larynx ;  changes  of  a  very  complex 
nature  are  brought  about,  and  for  these  tbo  greatest  uicoty  of 
combination  is  necessary. 

§  671.  Wo  may  now  tuni  to  the  nervous  meclianisms  of  the 
larT,'nx,  Fibriw  of  the  »ui>erior  larj'ngeal  branch  of  the  vagus 
nerve  are  di-ttributeci  to  tne  mucous  membrane  of  the  larynx, 
and  serve  as  the  afferent  channels  by  which  impulses  from  the 
exquisitely  sensitive  surface  pass  upwards  to  the  central  nei^ 
vou«  system. 
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Tltc  same  superior  laryngenl  iierve  also  contains  motor  fibres 
for  tbe  crico-thyroid  inu&cle:  and  in  this  respect  this  mumJc, 
th«  chief  tensor  of  tbe  vocal  cords,  stands  apart  from  all  tb 
rest  of  the  muscles  of  the  larynx,  for  these  are  all  supplied 
the  recurrent  larrngi'al  branch.  Thene  motor  fibnis,  boui  of 
superior  and  of  tbi;  recunvut  laryngeal  iiurvos,  though  runniti 
in  the  trunk  of  the  v»gii»  are  generally  believed  to  belonj;  not  to 
the  vagUK  proper  but  to  the  spinal  accessory  nerve,  and  to  tbe 
divUion  of  that  nerve  which  we  have  called  the  bulbar  aocecsonr 
nerve;  but  on  this  point  opinions  are  not  agreed. 

There  are  some  reasons  for  thinking  that  the  superior  lann- 
geal  contains  afferent  fibres  not  only  for  the  crico-thrroid  bat 
also  for  at  least  some  of  the  musclce  wfaose  motor  tiSres  coma 
from  the  recurrent  laryngeal:  and  it  has  been  suggested  that 
Uiese  atlei-«nt  libre^  of  the  superior  laryngeal  convey  the  affcreat 
impulses  of  tbe 'muscular  sense;'  but  this  needs  furtlier  invee- 
ligation. 

In  dealing  with  the  nervous  mechanism  we  must  now  dt»> 
tinguish  between  the  larynx  as  a  part  of  the  mechanism  of 
breathing  and  as  an  organ  of  voice.  During  breathing  the 
glotlU  is  open,  and  at  least  during  at  all  deep  or  laboured 
breathitig  undergoes  us  we  have  previously  said  on  increased 
widening  riiuing  inspiration  followed  bv  narrowing  during  the 
succeeding  expiration.  In  maity  animals  this  rhythmic  ivsptia- 
tory  movement  is  verj*  marked;  but  careful  lar>'ngoscopic  ouser- 
vations  shew  that  in  nmn  during  quite  quiet  breathing  there  is 
no  a[^reciuble  change  in  the  width  of  the  glottis. 

MtiL'ti  <lifrcrcnce  of  opinion  has  been  expressed  as  to  whether 
tlie  width  iif  the  glottis  thus  i>crmanently  maintained  during 
quiet  breathing  is  identical  witJi  that  assumed  after  death.  But 
careful  larj-ngoscofHc  measurements  slicw  that  during  life  the 
glottis  is  distinctly  wider  than  after  deatli :  the  average  width 
during  quiet  breathing,  is  in  man  about  14  mm.,  in  wonuui  about 
12  mm.;  after  death  in  man  5  mm.,  in  woman  4  mm.  This 
points  to  a  continued  '  tonic '  contraction  of  some  or  other  of  tlie 
diliitor^  of  tbe  glottis  ;  and  the  muscle  especially  concerned  in 
this  action  appears  to  be  the  posterior  crico-arytenoid.  Whether 
this  tonic  dilator  action,  whose  centre  lies  in  the  bulb,  cloee  to  or 
forming  part  of  the  genera]  resiHratoiy  centre,  is  automatic  in 
nature  or  maintained  in  a  reflex  manner  hv  afferent  impulses, 
we  need  not  stay  now  to  discuss;  nor  need  we  dwell  on  the 
question  whether  the  widened  glottis  is  the  result  merely  of  the 
action  of  the  dilator  muscle,  or  whetlier  it  is  the  balance  of  a 
struggle  between  antagonistic  muscles ;  though  analogy  would 
perhaps  lead  us  to  expect  the  latter  to  be  the  case,  the  evidence 
appears  to  be  in  favour  of  tJ>e  former  view. 

The  rhythmic  alteriuition  of  widening  and  of  narrowing  ob- 
served in  laboured  breathing  is,  through  the  activity  of  the  bul* 
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bar  nervoiiti  mechitniHni.  l)rought  about  by  the  various  miucles 
8E>okeii  of  above,  the  Hphincter  f^ioup  betug  es[>ecially  luiedl  (or 
narrowing.  When  occasion  re()uircii,  a  powerful  action  of  this 
group  lufiib),  OS  in  the  first  st«p  of  a  *  cough.'  to  complete 
clusuru  uf  thi;  glottic;  nitd  furtnvr  fceurity  in  the  net  ia  ob- 
tained by  the  iiaiTowing  of  the  wslibule  or  ttpacc  above  the 
vocal  comLs.  the  ventricuhir  tiaiulit  l>eing  brought  together  by  tho 
thyi"o-ary -epiglottic  asNislt^il  by  otiier  muacleti. 

Both  the  continued  patency  and  the  rhythmic  changes  are 
carried  out  by  means  of  the  recurrent  laryngeal  nerves.  When 
in  a  living  animal  both  these  iiurvus  are  divided,  the  glottis  be- 
comes iiurrowed,  lussuming  what  may  be  cunsidered  its  natural 
dinicmsionM,  unmely,  thiise  profx-r  to  it  after  death,  wbon  all  mus> 
cular  ci^nlracUons  have  ct^aHcd.  Owing  to  the  narmwiiig  thu 
entntnoe  and  exit  of  air  into  and  out  of  the  lungit  in  le«»  easy 
than  before,  and  a  certain  amount  of  dy^^pntita,  e^peoiaJly  ob- 
vious if  the  breathing  be  hurried,  may  result :  but  the  extent  to 
which  this  occurs  diffcrii  nuich  in  different  kinds  of  animals  and 
indeed  in  different  individuals.  It  need  hardly  be  said  that 
when  botli  the  recurrent  nerves  are  divided  the  rhythmic  widen- 
ing and  imrrowing  wholly  cease,  the  glottis  remaining  imniobilo ; 
thu  voice  also  is  lost.  When  the  nerve  is  divided  on  one  side 
only,  the  glottis  becomes  deformed :  when  an  attempt  to  utter 
voice  is  made,  the  vocal  cord  on  that  side  I'eniaina  farther  away 
from  the  middle  line  than  its  fellow,  owing  to  the  failure  of  the 
adductor  muscles  on  that  side,  and  no  voice  is  produced,  since 
the  approximation  and  pitrullelism  of  the  vocal  cords  can  no 
lunger  be  effecU-d.  On  the  other  hand  during  a  deep  inspini- 
t4i)ii  the  glottis  is  deformed  by  the  vocal  coni  on  that  side  being 
nearer  the  middle  line  than  its  fellow,  owing  to  the  failure  of  the 
posterior  crico-arytenoid  on  that  side.  When  the  perijiheral  jior- 
tioti  of  one  recurrent  nerve  is  stimulated,  the  vocal  coM  of  the 
same  side  is  approximated  to  the  middle  line:  when  bntli  nerves 
arc  stimulated,  the  vocal  cords  are  bixmght  together  and  the  glot- 
tis is  narrowed ;  though  the  nerve  is  ili^tributed  to  both  dilating 
and  constricting,  to  amiuctor  and  ndductor  nutselcs,  the  laltvr 
overcome  the  former  when  the  nerve  is  artificially  stimutaled. 
Hut  this  is  true  only  when  the  stimulus  is  adequately  strong :  if 
the  stimulus  be  weak,  the  abductors  alone  are  thrown  into  eon- 
traction  and  the  glottis  is  widened.  We  may.  in  this  connec- 
tion, add  the  remark  that  ether  paralj'zcs  the  luliluctore  before 
the  abductors,  and  has  this  effect,  even  aftur  diviKinn  of  iNitb 
recurrent  nerves;  the  more  general  respiratoiy  function  of  the 
larynx,  the  maintenance  of  a  wide  pnswge  by  means  of  the 
abcluctors,  is  preserved,  while  the  more  special  function  of  ijh(^ 
nation,  the  narrowing  of  the  glottis  by  the  addnctoiH.  Ls  tost. 
A  like  differentiation  of  the  two  functions  is  shewn,  in  a  re- 
verae  way,  by  the  clinical  experience  ttiat  while  functional  ner- 
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Toiin  disorders,  nuch  as  hysteria,  are  marked  by  failure  of 
addiirtors  alone,  the  characteristic  loss  of  voice  being  doe  to 
this,  the  first  effect  of  atructural  cbaugeit  iu  th«  bidb  or  other 
parts  of  the  nervous  tncL-liAiiism  is  to  bring  about  failure  of 
the  abductors )  indeed  the  coodition  of  the;  larynx  ••  sbewo 
bv  the  litrj-ngomcopu  may  be  used  08  an  aid  to  the 
ot'  comitwncing  organic  disease. 

§  67S.  When  the  larynx  is  used  for  voice  the 
laryngeaU  are  brought  into  ])lay  in  order  to  prodace  the  essen- 
tial condition  of  voic«.  the  approximation  of  the  vocal  cords. 
The  vocal  cords  having  been  adcquat4.'ly  approximatftdi  low 
notes  may  be  uttered  witlioul  any  further  ehanee  in  the  lari'nx; 
in  their  natural  position  of  rest  the  vocal  cotuh  are  sufficiently 
teiutc  to  permit  their  being  thrown  into  vibration;!  Tvhen  brought 
near  enough  together  and  subjected  to  a  sufficient  blast.  Ii 
order  however  to  utt«r  notes  at  all  high,  the  tensioa  of  tt 
cords  mmt  be  increased :  and  this  as  we  have  said  is  brough 
about  chiefly  by  means  of  tho  superior  larj-ngi-al  ncrvtw  and  tb 
criccvthyroid  muscleii.  Hence  when  th<iso  iicr«'o»  Are  divided  or 
fail  through  disease,  high  notes  can  no  longer  be  uttered ;  and— 
the  division  or  failure  of  the  nerve  even  on  one  side  only  trjfl 
bring  about  this  result.  "^ 

When  in  using  the  voice  a  change  has  to  be  made  from  a 
higher  to  a  lower  note,  while  the  action  of  the  crico-thyroid 
ceases  or  is  lowered,  that  of  the  antagonistic  thyn>-aryt«noid 
comes  into  play,  and  the  recurrent  laryngeal  nerve  is  agun 
used. 

§  673.  Utterance  of  the  voice  is  a  conspicuously  voluntary 
act  and  in  the  vast  majority  of  cases  an  eminently  skilled  act. 
Hence  we  find,  as  we  have  already  (§  4S4 — 488)  seen,  aii  area  io 
the  motor  region  of  the  cerebral  cortex  devoted  to  phonution. 
This  in  the  monkey  (Fig.  128)  lies  at  the  lowe-st  part  of  the  as- 
cending frontal  convolution  wedged  in  between  the  sylvian 
fissure  and  tliu  hiwcr  end  of  the  precentml  fissure:  in  man  as 
we  have  seen  (Fig.  186)  tho  more  highly  developed  area  for 
'speech"  Ls  situate  at  the  posterior  end  of  the  third  front 
convolution,  having  aa  we  have  also  seen  an  importance 
the  left  side  of  the  brain  which  it  does  not  possess  on 
right. 

Stimulation  of  the  area  in  question  in  the  monkey  or  of  the 
conxrspoiidiiig  area  in  the  dog  leads  to  adduction  of  the  cords 
and  (closure  of  the  glottis,  the  resulting  movement  being  bi- 
lateral. As  in  the  case  of  other  areas,  tho  effect  is  more 
pure,  the  laryngeal  movement  is  less  mixed  with  other  mow- 
mcnt?,  when  the  .stimulation  is  strictly  limited  to  a  certain 
part  of  the  whole  area,  in  this  ca.se  to  thf  lowor  part.  But 
stiniulatiun  of  the  cortex  near  the  pure  centre  for  phonaiion 
leads  to  an  accolcnttion  in  the  rhythm  of  and  exaggeration 
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tlie  laryngeal  re«pii^tAry  mAV6i»ei)Ui,  tut  indeed  of  the  respimlorj 
ninvementA  as  a  whole :  though  ihf  respiratory  Iaiyi>g<:al  iriov©- 
nieiit.4  are  m  the  main  worked  by  a  bulbar  mecbaDuini,  tlie^'  can 
be  iiiQucnced  by  corticitl  chiitiges. 

As  in  the  casts  of  the  other  cortieftl  motor  areas,  the  path 
from  thu  cortJoal  urea  for  phoiiatioii  to  the  musck-s  wh<ic^  ac- 
tions it  governs  nimt  in  the  pyramidal  tract  through  the  in- 
ternal capsule.  Moreover  in  tSie  bulb  there  uppeara  to  he  a 
Buborditmte  nervous  nieohaiuHm,  with  which  the  impulses  or 
itiduencea  descending  the  pyramidal  tract  make  I'onnei-lion  be- 
fore they  isHUe  os  coordinate  motor  impulHcs  along  the  laryngeal 
nerves;  and  indeed  hy  local  electrical  stimulation  of  the  bulb, 
in  the  floor  of  iJio  fourth  ventricle,  otlduetioii  or  abduction  of 
the  cords  may  he  brought  about.  Tlie  bulbar  meohanism  for 
alHliietinn  ts  placed  higher  up  than  that  for  adductinn,  and 
stimulation  of  either  side  produces  iii  both  cases  bilatural  niove- 
luentH. 

§  674.  So  far  we  have  mainly  spoken  of  the  voice  as  the 
result  of  two  gross  acts,  the  narrowing  of  the  glottis  and  the 
tightening  of  the  cords.  We  must  now  sav  a  few  words  on 
some  other  changes  in  the  larynx,  especially  tn  reference  to  tlie 
x'ariuus  qualities  and  kinds  of  voice  M»ny  of  tlic  f«ature«  of 
the  voice  are  conferred  upon  it  bv  mi'uiw  of  tJie  parts  of  tlie 
respiratoty  passage  aliove  or  below  the  vocal  cords,  bv  what  wo 
have  spoken  of  as  the  resonance  chamber  or  tube;  these  we 
shall  deal  with  in  treating  of  '  speech.'  and  may  here  confine 
ourselves,  in  the  main,  to  changes  in  the  larynx  itaelf.  It 
should  be  noted  however  that  wnivnever  voice  is  uttered  the 
tarj'nx  is  more  or  less  firmly  tixeil  hy  tliv  extiinsic  laryngeal 
musclvs,  such  as  the  thyro-hyoid.  sterno-tliyroid,  pharyngeal 
tnusolivt  and  nthent.  llie  exact  position  in  which  it  is  tixed 
will  depend  on  the  pitch  of  the  notes  which  are  uttered;  it  is 
raised  for  high  notes  and  lowered  for  low  ones,  and  may  be  tixed 
either  above  or  below  or  at  the  natural  position  of  rest 

We  are  accustomed  to  classify  voicvs  according  to  the  range 
of  pitch  within  which  the  voice  can  sine  truly  nrid  with  easet 
and  we  thus  distin<;uish,  in  ascending  Miuei,  such  voices  as  bus. 
btirytone  and  tenor  in  the  male,  alto,  mezzo-soprano  and  S4>prano 
in  the  female.  OouUl  we  consider  the  vocal  coid  as  a  membra- 
nous edge,  possessing  a  form  and  nature  which  was  constant  or 
varied  only  with  aee,  so  that  the  mpidity  of  its  vibrations,  and 
hence  the  pitch  of  the  voice,  depended  solely  upon  its  length, 
fixed  bv  the  growth  of  the  individual,  and  u[>on  its  varying  ten- 
sion, determined  hy  muscular  contraction,  the  result  being 
influenced  bv  the  varying  width  of  the  glottis,  the  structunil 
basis  of  the  distinction  between  the  seveml  kinds  of  voice  would 
be  simple  enough ;  the  basit  and  the  contnlto  voices  would  have 
long  vocal  cords,  and  the  other  voices  in  each  sex  would  be 
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in  ascending  scale  successively  shorter.    The  meal  oord, 
vver,  i^  not  of  such  a  permanent  nature :   it  undergoen  _ 

the  influenc«  of  mu&cular  contraction  changes  other  liian  tlmsT 
of  tension  affecting  its  whole  len.i»th ;  its  form  may  be  altered 
and  the  positions  or  altitudm  which  it  may  assume  cannot  be 
dcscribeu  as  simply  those  of  greater  or  less  distance  Crom  hi 
fellow  along  itti  vhole  length.  It  is  in  section  a»  we  liare  said 
wedge«haped ;  and  the  projecting  angle  of  the  wedge  mar  be 
an  open  broad  one,  or  a  narrow  acute  one ;  the  vibrating  cord 
may  ne  thick  or  thin :  and  its  vibrations  will  vary  accordinglT- 

The  change  from  thick  to  thin  is  appsrenUr  brongfat  aiiotit 
by  muscular  contraction ;  it  has  been  suggested  that  a  partial 
coiitnctiou  of  some  of  the  fibres  of  the  tnyr(>«rytenot<l  mnsde. 
external  and  also  internal,  more  particularly  of  the  bandki 
which  take  a  more  or  less  vertical  direction,  prodnoe  the  recall; 
but  the  exact  mechanism  is  by  no  means  clear,  though  apsoal 
examination  of  the  larynx  shews  that  such  a  change  of  ihiek- 
nesa  maT  take  place. 

Again,  there  are  reasons  for  thinking  that  conbMttloa  of  the 
intornal  thyroarytenoid  muscle  as  a  wMie  aff«cts  the  form  and 
the  physical  condition  of  the  vocal  conl,  of  which  it  fonushes 
so  to  speak  the  body ;  the  strand  of  elastic  fibres  which  for^ 
the  surface  of  the  cord  lies  upon  the  mu-icle  sonewfaat  aJler  the 
fashion  of  a  fascia,  and  when  the  muscle,  which  ia  a  atate  id 
rest  is  somewhat  curved  with  the  concavity  towards  the  glottit, 
thickens  and  shortens  in  its  contraction,  carryins  with  it  the 
overlying  layer  of  elastic  fibres,  it  brings  the  whno  cord  into  a 
different  form  and  different  pln-^ieal  condition:  and  Uut  aoiC 
affect  the  character  of  the  vibration.<i.  Again,  it  b  maintUDed 
that  some  of  the  fibres  of  the  internal  tbyro-aiytenoid  ronnii^ 
forward  from  the  processus  vocalis  and  outer  snrfKe  ot  Ike 
arytenoid  are  inserted  into  the  layer  of  etsstu  filves  at  vmiyiag 
distances  from  the  thyroid.  If  some  of  these  bundles  were  to 
contract  by  themselves  they  might  render  the  front  pert  of  thlL. 
cord  tense  and  the  hind  part  reUtively  lax,  or  might  modifT  tfM 
particular  parts  that  general  tension  of  the  whole  oord  vfaieP 
was  being  effected  by  the  crico-thyrotd. 

Further,  the  closure  of  the  glottis,  the  adductino  of  Ae 
cords  nuy  take  place  in  different  ways,  according  as  this  or  that 
muscle  or  part  of  a  muaela  i>  being  specially  dm.  While  the 
vocal  cords  are  being  safiSeieatly  appcoxinated  to  allow  tbeftxpiia- 
tory  blast  to  throw  them  into  vifar^ioos  the  oartilagitiow  riottM 
aay  remain  fairiy  open,  ca-  may  be  iteafty  or  qoite  rlosed: 
aim  each  of  these  conditions  must  affect  the  voioe  in  a  different 
way.  Again,  we  have  seen  th^t  the  two  voeal  cords  an  doM 
together  at  their  insertion  into  the  thyroid,  and  ditvtge  ftom  tim 
raidillc  line  on  each  side  so  that  the  memfataiKMH  gloats,  wbaa 
the  larynx  is  at  rest,  is  an  isosc^es  tiiangle.     We  might  ' 
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from  this  tlmt  whtiit  ttiu  vur<]!t  tirv  nddticted,  the  glottis  must 
alwnyu  rvnmiii  nu  iso6C«les  triangle  with  tlie  ai)gl«  at  the  apex, 
ii«xt  to  th«  thyroid,  beconiiDg  more  and  more  acut«  as  addiiclion 
proceedii,  and  that  the  parts  of  the  cords  in  front,  nearer  the 
thyroid,  must  come  into  actuat  contact  before  the  parts  behind, 
nearer  the  procesaus  vocales,  do.  But  the  laryugoscope  shews 
tliitt  the  form  of  thu  mcmbrauotis  glottin  is  very  vnrii^u ;  it  may 
be  open  bcliiiid  and  closeil  in  froul,  or  clo»o<l  both  behind  und  in 
front  And  open,  even  widely  so,  in  the  middl'-,  or  may  be  along 
almost  it»  whole  length  a  Hlit  with  jiarallel  sides,  a>td  in  that 
ciue  either  very  narrow,  a  mere  linear  cleft,  or  of  appreciable 
width.  And  though  the  exact  mechanisms  are  ohdcure,  we  can* 
not  doubt  hut  that  these  several  phases  result  (rcun  special 
muscular  contractions. 

§  675.  Wo  might  dw«U  on  other  ohangex  which  may  by  help 
of  tlio  luryiigoscopo  bo  observed  in  thu  larynx  during  thu  pro- 
duction of  the  voice,  all  shewing  that  muscular  contracUons 
may  produce  complex  and  varied  changes  in  the  hkrynx  besides 
simple  adduction  or  abduction  and  general  tension  or  slackening 
of  the  vocal  cords;  but  we  have  said  enough  for  our  present 
purpose,  which  is  to  insist  that  m  the  production  of  voice  the 
mere  dimensions  of  the  larynx,  and  we  might  add  other  natural 
inborn  feitturcs,  serve  but  as  the  phiyground  for  muscular  skill ; 
it  14  the  tatt«r  much  more  than  the  former  which  detenniries  the 
chnmctci's  and  the  powers  of  the  voice.  A  lanmgoscopist,  even 
the  most  experienced,  would  wrobably  hesitjtte  from  a  mere  in- 
spei^tion  of  the  larynx  to  predicate  the  nature  of  the  singing 
voice.  He  could  not  even  predicate  the  possession  of  a  singing 
voice  of  any  kind.  Of  two  laiynges.  provided  they  were  both 
of  normal  structure,  he  would  be  unable  to  say  which  belonged 
to  t)ie  man  who  could  and  which  to  the  man  who  could  not  sing ; 
for  the  power  to  sing  is  detemtined  not  by  the  build  of  the 
lar^Tix  but  by  Uie  possession  of  an  adequate  nervous  mechanism 
through  whi<:h  finely  appn^ciated  auditory  impulses  are  enaliUnl 
so  to  guide  the  impulses  of  the  will  that  these  nnd  their  way  M-ith 
aurencHs  and  precision  to  the  appropriate  muscular  bundles. 
And  wliat  is  true  of  the  difference  between  singing  and  not 
singing  at  all  is  in  a  similar  wav  true  of  the  difference  between 
singing  low  nnd  singing  high,  ms  well  as  of  the  difference 
between  singing  superbly  and  dnging  indifferently  well.  The 
phyMiolngieal  difference  between  a  bas»  voice  and  a  tenor  voice, 
between  a  contralto  and  a  soprano  prolably  lies  not  so  much  in 
the  mere  natural  length  of  the  vocal  cords  as  in  the  constitation 
o£  the  nerrous  and  muscular  mechanism ;  experience  shews  that 
cords  of  the  same  natural  length  may  in  one  individual  be  the 
instrument  of  a  boss,  in  another  of  a  tenor  TOice.  or  in  one  infli- 
Tidual  of  a  contralto,  in  another  of  a  soprano  voice.  Again, 
tliough  tlie  "magnificent  organ"  of  a  distinguished  artist  may 
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liitvt)  Afii-Uin  inborn  qualities  which  lichten  the  laboum  of 
iiervotui  mechanism,  it  is  the  latter  wliich  is  tliv  n>al  basis 
the  artist's  fame :  the  former  may  bo  so  slight  or  so  abntrusc  as 
to  escape  observntioti,  hikI  a  Uryiix,  the  not«5  of  wliicb  have 
chai-med  the  worM,  uiivy  yield  tbi-oa£h  the  laryngeal  minor  a 
picture  of  the  most  com  monplaoe  kia£  ^ 

That  the  build  nf  the  larynx  is  thtis  wholly  t»ul>ordiDat«  ifl 
the  uervous  mechanism  is  further  Ulustiated  by  the  fact  tliat 
the  same  larynx  mtvy  and  indeed  does  produce  different  kinds 
of  voice.  TEie  difference  in  the  kind  of  voice  which  may  be 
brought  about  by  the  nervous  system  working  the  same  lan'ox 
in  different  ways  is  strikingly  shewn  by  oompuriug  what  is 
called  th(t  ch(H«t  voiue  und  the  head  voice.  In  the  former, 
which  dtiitts  with  relatively  low  note»,  the  sounds  are  full  and 
Ktrnng,  anil  the  lower  resonance  rliamber  which  ik  su[>plied  by 
tile  trachea,  bronchi  and  indeed  by  the  whole  chest,  is  thrown 
into  powerful  and  palpable  vibniiions :  hence  the  name  'chust 
voice."  The  latter,  which  deals  with  relatively  high  notes,  is 
thill  and  poor,  being  deficient  in  partial  tones,  is  not  accom- 
panied by  the  same  couspicuuus  vibmtions  of  tbo  chest  but  is 
accompanied  by  vibrations  of  the  head;  heuc«  the  name  'head 
voice.' 

It  is  obvious  that  tlie  dispositions  of  the  taiynx  must  be  very 
different  in  the  two  voices:  but  what  the  differences  exactly 
are  has  been  and  still  is  a  matter  of  controversy,  and  inde«a 
extended  laryngoscopic  observation  leads  to  the  conclusion  that 
the  cliange  from  the  one  voice  to  the  other  is  not  effected  in 
precisely  the  same  way  by  all  laryngcs.  The  cvidcnoo  however 
seems  to  shew  that  in  the  cliest  voice  the  vocal  conls  are  rela- 
tively broad  and  thick,  and  that  the  membranous  gluttis  is 
oi>eri  along  its  whole  length.  The  cords  will  of  courm;  \wey  a* 
to  their  tension  through  the  range  of  the  voice,  being  ooie 
tense  with  the  higher  notes,  and  the  width  of  the  glottis  is  not 
always  the  same ;  but  it  is  probable  tliat  tliroughout  the  voic« 
the  cords,  in  producing  the  fundamental  tone  of  any  not«suiig, 
vibrate  along  their  wiiole  length,  and  also  through  their  whok 
breadth,  the  partial  tones  being  due  of  course,  as  in  other 
musical  instruments,  to  \'ihrations  of  segments.  In  order  to 
throw  into  vibration  along  their  whole  length  such  relatively 
broa<l  and  thick  cords  a  powerful  blast  of  sur  is  needed,  ana 
hence   the   transmission    of   the   vibrations   downwards  to  tie 

When  the  same  larynx  shifts  Vi  •Cat  bead  voice  the  vomI 
corda  appear  to  become  narrow,  rtwa  «id  always  distinctly 
tense.  In  some  cases  the  niembT^«o^  ft^^^^  »  '^.?f^  MT 
and  behind,  so  that  the  cords  ar«    iltU.^i^«  '",  .-^.r-wl 


portion  ordy,  and  here  the  sliC     -^^ 
elliptical  space;   in  other  casek^ 
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along  its  whole  o\t«at,  tlioiigh  ruducoil  to  a  mere  linear  slit; 
but  it  is  probiiblv  tbitt  in  nil  nnsvn  llm  curtU  vibraU*  ulong  a  part 
only  luiil  not  aloiif;  thu  whnlu  of  Uieir  luiigUi.  In  order  to 
thn>w  iiilo  uileqiiatv  vibratioriii  the  tliin  edjjis*  now  presvnted,  a 
less  jxtwurful  btaitt  is  required,  and  the  vibiattona  aru  no  longer 
felt  in  the  chest,  though  they  are  transmitted  tbrougb  tlio 
pharyngeal  juutsages  to  the  bead. 

Ah  liuliiiidiary  coiiditlomi  wu  may  mi-ntion  tbat  in  the  chest 
voice  the  sujienor  aperture  ol  ibe  larynx  is  widely  oj>en,  the 
traiisverae  diiiuictvr  bciii;;  porliajW  cutptiuiully  long,  while  in  the 
head  voico  tbu  ajwriurc  in  constricted,  at  tinica  ivmurkably  so. 
In  the  chf^l  voicw  the  eiuglottls  i»  usually  duprvMteil  ko  tu)  to 
hide  fivni  sight,  in  the  laryn^oscopio  view,  Uie  front  jjart  uf  tb» 
corils,  while  in  the  head  voice  it  is  usually  r&iited,  Imt  many 
variations  in  the  attitude  of  the  epiglottis  may  be  oliherved.  In 
the  head  voice  the  cartilnginnus  glottis  seems  always  to  be  com- 
pletely chwed,  whciwiia  in  the  chest  voice  it  is  fciund  in  some 
cases  to  be  vloscd,  in  other  easex  to  Ik:  more  or  loss  o]>en. 

Making  all  allowniiou  (or  discordance  of  opinion  iw  to  what 
arc  the  exaet  conditions  nf  each  kind  of  voice,  and  nduiilting 
the  imperfection  of  our  knowledge  as  to  both  the  pur^KMO  anu 
the  mode  of  prmluction  of  many  of  the  differences  observed, 
we  niav  at  leiist  draw  the  concltLsioii  that  in  the  case  of  ench 
kind  oi  %'oice  a  ceiiain  general  disfxisition  of  the  mechanism  is 
made,  that  a  certain  'setting'  of  iht-  niaohinc  takes  place,  by 
which  the  (lunlity  of  ibu  voice  ti  del«nnined,  and  that  tfaJe 
machine  thus  set  is  played  ujfou  ao  n»  to  produce  a  series  of 
notes  difTering  in  pitch  but  all  retaining  the  same  particular 
quality.  The  setting  of  the  machine  in  the  chest  voice  is  such 
that  tiio  notes  produced  by  it  are  lower  notes  reaching  up  to  a 
certain  pitch  only,  the  setting  nut  being  adH])ted  for  higher 
notes,  and  conversely  the  setting  of  the  bead  voice  allows  of 
the  production  of  high  notes  only,  being  incompatible  with  the 
production  of  low  notes. 

It  may  bu  urged  that  the  setting  for  the  chest  voice  is  really 
the  natural  disposition  of  the  Uirynx  an<I  tliat  of  the  hciul  voice 
a  stmiige  and  artiticial  condition  into  which  the  larynx  a 
forced  (^and  indeed  the  latter  is  in  certain  cases  called  a  "fal- 
setto" voice,  which  terra  however  has  a  technical  meaning  not 
always  coincident  with  head  voice):  but  a  closer  examination 
of  voices  shen's  tliat  there  ts  in  reality  no  one  natural  condi- 
tjon  of  tbo  larynx,  and  that  there  an  other  dispositions  or  set- 
tings of  the  larynx  l>eside»  thoae  of  ttte  ebnt  voice  aud  the 
buitd  voii^c,  the)«e  I)cing  so  to  speak  extreme  ciwct. 

When  a  singer  .lingii  n  series  of  notes  in  an  ascending  scale 
it  will  he  observetl  that  beginning  with  the  loweitt  notes  the 
voice  duiing  a  certain  range  rcmmns  tlirough  nil  the  notes  of 
the  same  quality,  differing  in  pitch  only,  but  that  at  or  about  a 
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certain  note,  the  \fAce  in  pnssing  from  noe  note  to  t^ 
above  id  not  merely  nu;c«>]  in  pitch  but  abwlutelr  slteivd  ia 
qaalitv,  oiid  further  maiutaitis  the  new  femtaics  io  the  nmjMil 
■iig  hi^'her  nales.  This  sudden  change  is  «pot;cti  of  as  dM 
■  l>n-ak  '  in  the  voiw,  anij  a  rmtge  of  notes  o(  diffi-ring  pttck  bat 
of  Uk  sAtne  ijU^lity  which  it  ihtu  sepamtcd  In:  ■  -  braifc^ 
aiMtber  raii|p;  of  nuu»i  of  a  difr*;n.-nt  quality  i*  taUc4  a 
I.<aryiigi)M-opic  observnuotBi,  especially  teecnt  one*  in  i 
togmpuic  ai<I  bu  be«n  called  in,  shew  tbat  dDrin^  a  rqvter 
tWre  is  a  [larticular  *  netting '  of  the  lamuc,  wfaieh  ta  "'  ■J-*-™  ■■* 
throughout  th«  whole  twater,  the  chief' change  oleenraUabciBK 
an  iiiL-rvusin^  tension  oftfae  conis  as  the  notes  ivv  in  pildi.  ao] 
Uiat  at  the  t>rcnk  tlicre  is  a  sudden  shiflin?  of  the  settiti^  tb 
new  setting'  biriiig  maint^ned  doring  Uie  ensuing  u^wte 
with  chances  whteh  its  before  are  ehidSj  directed  to  m  teoaaa 
of  the  coroa  increa.-<ing  with  the  risii^  notes. 

In  most  voiceH  tlie  ear  may  reoognue  two  such  taeaks,  a^aia- 
tjng  three  regisient,  lower,  middle,  and  apper,  the  Ivmr  aad 
upper  being  tisunlly  the  chest  and  bead  vMce  desdibed  abav«. 
But  Kouic  voices  are  marked  by  three  breaks  seiMnuin^  ^^"^ 
regi^ttvn,  Uie  diffen^nccs  being  distinctly  lecognixal'lr  liy  the  e^H 
and  Hien  are  some  reasons  for  thinking  that  a  break,  that  i>V 
change  in  the  setting  of  the  lamyx,  any  take  place  witboat 
being  evident  to  the  ear,  though  Tibbie  In-  the  helped  the  larja- 
goscope.     We  may  add  one  part  of  the  training  of  a  su^ing  toms 
consists  in  rendering  the  hi^ak,  the  transition  fnoi  coe  ti^iitec 
to  anotlier.  as  little  obvious  to  the  ear  as  possiUe. 

It  would  be  beyond  the  scope  of  this  w>itk  to  ent«r  npoo  tka 
detail  of  the  several  register)  of  the  different  kinds  of 
beyond  the  little  we  liare  said  toacfain};  the  chest  Toiee  and 
voice ;  these  are  matters  of  great  difficulty  sutjeet  to  smeh 
trorersy.  and  indeed,  as  we  hare  alrvady  said,  obaenratjans  lead 
to  shew  that  esactlr  the  same  dispositioo  does  not  obtain  fhr  tke 
same  register  iti  all  larynges;  it  seems  probable  that  two  laiyi^es 
may  gain  the  same  end  tnr  two  different  mauPinrrvK,  mn 
ptoducv  the  same  kind  of  vom«  li^  different  di^xKitiuos  of  tae 
larynx.  Iiianycase  tliosubjeet  ts  one  of  extreme  complexity,  and 
we  have  ventured  to  dwell  on  it,  even  so  long  as  we  have,  beeaasf 
it  affords  a  striking  illttrtnition  of  what  we  oare  more  tliaa  core 
insisted  u[Kin.  the  complicated  elsuacter  so  often  belaogiai^  is 
tlie  muscular  coatjactiotts  by  which  the  auoMl  body  gains  iti 
ends,  and  the  delicately  sdhisted  coorditutinD  n(  effenmt  nemm 
impubes  Deed«d  to  secure  for  the  effort  a  coaplcta  jnocess.  We 
tiave  ao  repeatedly,  in  previous  parts  of  this  work.  Jntitlid  oo 
the  iniportnnce  of  afferent  irapaUes  to  the  eoocdtmtioa  of  cmb. 
plex  movcmenia  tlint  it  ii  hardly  ntetwmy  bese  to  do  ntore  tha* 
to  Tk.iut  nut  that  the  connectioa  of  the  tise  of  the  »  "  "~ 
auditory  sensations  affords  suildt^  instances  of  the 
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what  we  have  insi»to(I  upon.  Auditory  sensations  are  at  least 
as  iin^xirtaiit  for  the  proper  management  of  the  voice  m  are 
visual  senaationa  for  the  niovemtiiits  of  the  eyes,  and  more  im- 
portant tlian  arc  visual  sensations  for  tlie  movements  of  the  body 
and  linib^i.  Indeed  they  ai-e  in  a  way  essential  to  the  very  utter- 
ance of  tlie  voice;  the  dumbness  which  is  so  conspicuous  a  con- 
comitant of  congenital  deafness  is  in  most  cases  due  not  to 
deficiency  in  the  musculiir  apixiratua  or  even  in  the  nervous 
mechanism  on  what  we  may  call  its  motor  side,  but  to  the  lack 
of  afferent  impulses  from  the  auditory  nerve.  And  in  jMipular 
language  we  recognize  this  deitendence  of  the  managentent  of 
the  laryiigeid  muscles  on  auilitoiy  sensations  when  we  tjdk  of 
Buch  or  such  one,  who  is  deticieut  iu  this  i-esiwct,  as  "  having  no 
ear." 

§  676,  The  ventiicles  of  the  larynx  appear  to  be  useful  in 
allowing  the  vocal  coitls  suHicient  room  for  their  vibratioiia; 
they  also  supply  a  secretion  by  which  the  vocal  cords  are  kept 
adequately  moist.  The  |>ur])ose  of  the  ventricular  biuids  in  not 
exactly  known;  it  has  been  suggested  that  they  may  at  times 
exert  a  damping  action  by  Iming  brought  down  to  touch  the 
vocal  coiils ;  but  tliis  is  very  doubtful.  The  epigluttis.  the 
position  of  which  as  we  have  seen  varies  in  different  kinds  of 
voice,  has  also  an  inllucnce  on  the  character  of  the  voice;  and 
further  influences  which  we  shall  consider  under  'speech'  are 
exert*'d  by  the  form  of  the  )iliaryux  and  the  mouth. 

§  677.  At  the  age  of  [lubertv  a  rapid  development  of  the 
larj'nx  takes  ]>laec,  loading  to  a  change  in  the  i-ange  of  the  voice. 
The  j>eculiar  harshness  of  the  voice  when  it  is  thus  'breaking' 
seems  to  iw  due  to  a  temi>orary  congested  and  swollen  condition 
of  the  mucous  membrane  of  the  vocal  cords  accomjtanying  the 
active  growth  of  the  whole  larynx.  The  change  in  the  mucous 
membrane  may  come  on  quite  suddenly,  the  voice  'breaking' 
for  instance  in  the  course  of  a  niglit. 
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§  678.  All  souikIs  as  we  have  seen  (§  619)  may  be  divided 
into  iihisrmI  mouikIs,  in  wliich  llie  vibrations  are  regular,  and 
noisfs,  in  wliich  the  vibrations  are  irregular;  but  we  have  alio 
seen  thi\l  tho  distinction  Iwtween  the  two  is  not  a  sharp  one. 
The  vibrations  into  which  tlie  air  in  the  larynx  is  tbrown  by  the 
vibrations  o£  the  vocal  coitis  in  ordinary  voice  are  ou  the  whole 
regular:  the  sound  so  produced  ia  a  musicid  sound.  Tbo  vibn> 
tions  of  tho  glottis  may  however  vary  «s  to  the  degree  of  tbcir 
regularity:  and  under  certain  cireninitUinwt  ibtry  may  )ic  eo 
irreguliir  that  the  smirnl  iR-eonies  an  nuik>nialilA  noise;  as  fof 
iiistivnce  in  the  sound  wbicli  we  call  a  'ery '  or  a  *  shriek.' 

The  son nd 8  produced  in  the  larynx  like  other  musical  soaixls 
consist  of  {lartial  tone8  added  to  a  fundamental  tone,  and  are  in 
many  cases  very  rich  in  iiartial  tones.  By  modifying  the  shape 
of  the  passage  leading  Ihroiigh  the  pharyngeal,  the  l>uocal.  koA 
to  a  wrtrtin  extent  tlio  nasiil  cavities,  to  tho  opening  of  the 
mouth,  which  wc  liiivo  spoken  of  as  a  resonance  tube  or  cham- 
ber, and  which,  for  rea.wns  wbi(;li  wo  shall  see,  we  may  now  call 
the  vowel  fhamhfr,  we  are  able  to  render  loud  and  prominent  ofui 
or  otber  of  the  partial  tonett  of  n  aoimd  which  is  pro<luced  bf 
the  larynx  and  thus  to  affect  it8  i^uality  a^  it  leaves  the  moulb. 

We  are  also  able,  quite  independently  of  the  larvnx  (saA 
indeed  independently  of  breathing),  to  creat«  aonndii  by  means 
of  parl.s  of  the  moutli  or  other  portions  of  the  vowel  chamber. 
These  arc  for  the  must  pail  noises  but,  as  Cor  instance  in  whi>- 
tling,  may  Imj  nnisical  sounds. 

In  speech  we  make  use  on  the  one  liand  of  lan-ngcal  sounds, 
more  or  less  modified  in  quality  by  the  vowel  chamber,  and  on 
tho  other  hand  of  sounds  generated  in  various  [»rts  of  that 
chamber ;  our  sjwech  in  fact  eonsistji  of  a  basis  of  musical  souudi 
with  an  addition  of  noises. 

§  679.  One  great  feature  of  speech  ia  that  it  18  **  articulate ; " 
it  consists  of  syllables  jointed  together,  tluj  parts  of  speech  which 
wo  call  words  being  formed  of  two  or  more  s\dlablcK.  or  at  times 
of  one  only.  In  the  great  majority  of  syllables  wc  recognize  two 
kinds  of  sounds  which  we  call  vowth  and  contonantt.    Tliough  it 
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is  easy  to  say  wliich  is  a  vowel  and  whicli  is  a  consonant,  it  is 
difficult  to  frame  a  definition  which  shall  ho  free  from  all  objt-c- 
tious.  It  has  bcon  said  that  vowuls  aru  formed  hy  the  voicu, 
that  v»  hy  thu  vihiiitioiis  of  thu  vocal  cbixU  (heiico  ihv  namo 
vovrcl,  vocalu),  and  ooiieoiianbt  by  th«  mout]i,  lips  or  oUier  parts 
of  the  cli»mb«r  above  the  lai^nx ;  hnt  as  we  shall  see.  on  tlie 
one  hand  the  vowels,  as  in<leed  the  name  which  we  have  adopted 
for  the  chamber  iiidicatea,  are  formed  hy  help  of  tliat  chamber, 
and  on  the  other  hand  many  coiisonatita  are  formed  by  hfl[)  qf 
the  voice.  Tho  woixl  'consonant'  oxpresscs  the  view  that  what 
wo  call  cousoiiuuts  are  alwaj's  souudvd  with  t>omc  vowel  or  oilier 
and  cannot  U;  Houndnd  alone  by  thi;m^lve«;  but  Mvvral  oonso- 
tiaiitti  can  be  so  sonnded ;  heiu:«  the  name  \»  inappropriate.  We 
may  make  Uie  diittinotion  that  whereas  in  a  vowel  the  form 
assumed  hy  the  resonance  tul>e  merely  modifies  tJie  sound  pro- 
duced by  the  larynx,  iu  a  consonant  a  change  of  form  in  the 
same  tube  creates  a  noise  which  may  exist  by  itself  or  may 
mingle  with  the  sound  produced  hy  the  larj-nx;  bul  this  is  not 
exact.  Btitce  as  we  shall  hoc  such  a  consonant  as  At  may  bo  used 
(m  for  instance  in  'bottom,'  in  which  tlioufjh  we  wnl«  we  do 
not  sound  the  second  o)  in  such  a  way  that  the  form  of  the 
mouth  only  modities  a  laryngeal  sound,  and  the  utterance  may 
bo  continued  indefinitetv.  liKe  that  of  a  vowel.  Indeed  we 
employ  3/ and  certain  otlier  consonants  in  two  ways;  wo  use  31 
as  a  true  consonant  iu  company  with  a  vowel  as  m  *  my '  or,  as 
in  the  above  instance,  we  ma;r  us>o  it  by  itsulf,  it  alone  formine 
a  syllable.  Iu  this  latter  fiuictJon  M  may  conveniently  be  called 
a  tonant,  \\w  sounds  of  i(|iecch  being  ilividt-d  into  '»<^naiil«'  and 
true  'consonants.'  We  may  howevi-r  leave  tliesc definitions  and 
tura  at  once  to  the  mode  of  formation  of  the  several  vowels 
and  consonants,  or  rather  to  the  more  common  of  thefle,  since 
each  language  has  its  own  vowels  and  sounds,  and  while  some 
are  common  to  all.  some  are  special  to  a  few.  or  even  to  one. 
We  may  merely  remark  that  in  speech  the  vowels  ix-ar  the  brunt 
of  thu  work,  they  carry  the  'accent,'  and  thu  consotuititti  are,  so 
tospcak,  built  upon  them  as  on  a  foundation.  Some  consouanU 
^Mnants)  however  may  be  iLsed  like  vowels  to  carr>'  accent- 

§  680.  VuH-ih.  With  the  uttenmce,  either  in  singing  or 
speaking,  of  each  vowel  the  vowel  chamber  is  moulded  into  a 
particular  shape.  Taking  tho  most  common  vowola  U,  O.  A,  E.  I 
pronounce<^l  in  tho  way  in  which  must  nations  pronounce  them 
and  so  corres(>oiuling  to  our  <w,  o,  bro*d  a  (nA),  e  as  iu  bet,  and 
««,  wu  find  tile  following. 

In  U  (lie  vowel  chamber  is  larfje  with  a  narrow  opening  at 
the  mouth.  The  larynx  is  depressed,  or  at  leaht  uot  raised  above 
the  |>osilion  of  rest,  the  tongue  is  flattened,  especially  in  front, 
and  the  lips  are  protruded  .so  as  to  reduce  the  mouth  to  a  narrow 
round  opening.    The  form  of  the  vowel  chamber,  nith  a  wide 
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phanrngeal  and  »  narmir  tnoeal  orifiee.  imiT  be  eomi 
of  a  n)iiiiil  tliL^k  witliout  a  neck.     In  A.  the  month 
wide,  the  lurvnx  is  aoniewhat  raised,  the  too^oe 
the  same  time  dnveDsoinewliat  bockwuds  towmrds  ' 
of  tilt!  phaiyox.  so  that  tbc  entiaDcc  from  the 
larynx  is  narrowed.     The  vowel  ckunber  ihos 
wtuch  nuLT  be  compared  to  that  of  a  ftiniwl,  the  wide  • 
St  the  mouth  and  the  narrow  t^id  at  lh«  lar>-nx.     In  O  : 
it  iotennctliati-  betvreen  ihal  of  U  and  that  of  A.  the  v. 
dei>ending  on  the  kind  of  O  which  is  being  iitier«4. 

In  I  the  shape  a  veir  different.    The  laiynx  ie 
the  longne  ta  carried  forwKrda  and  upwards  in  sueh  a  < 
it  toucMS  the  teeth  and  the  hard  paUto  at  the  sides  i 
so  in  the  middle  Icarin^  only  a  narmw  euial  ia  tlie 
At  the  same  time  the  Up*  iiuleMl  of  being  prott 
bock  and  the  coft  palate  ia  raivd  high  now     In  thia ! 
deTelo|)ed  above  the  larynx  a  reUtively  lai^ 
which  commQnicates  with  the  exterior  bf  a  i 
form  of  the  Towel  chamber  may  now  he  cconfared 
round  flask  with  a  loug  narrow  neck.    In  E,  and  the  i 

between  A  and  I,  the  shape  of  the  resoouicti  ia  i 

intermediate ;  in  pasnag  from  A  to  I,  the  tODgne  iaj 
wards  aitd  upwaiot,  the  boceal  orifice  oanowed  " 
taiMd. 

In  each  of  the  above  eatea  what  we  have  oaUc 
chamtier  acts  as  a  leBoaaaee  chamber;  that  is  to 
caw.  owing  to  the  shape  of  the  caritr  (in  relation  to 
of  its  wallsX  the  air  in  the  i^iamber  is  more  leadily 
Tibmioas  br  certain  tones  than  li^  oUmo.  and  when 
containiog  tliiMa  pattieular  tooei  M  aottiwled  into  the  i 
tboee  particnlar  tones  ate  runfoned  and 
proounent.  The  shape  of  the  vowel  diamber  in 
mteh  that  the  cantr  ads  as  a  teeooator  tnwards  a  p 
aaawly,  the  bss  /,  or  more  naofaablr  the  faaaa  A, . 
larrnKtal  sooimI  with  its  fnndsiDaatal  and  partial 
iog  throagh  it.  reinforces  and  renden  load  the  tone  j 
as  a  constituent  of  the  whole  sound.  And 
other  TOweU.  In  tact  vowel  soands  are  mnsical ! 
a  particnlar  eoostitDent  tone  is  rnnforeed  aikd 
of  pnipdttioa  to  the  other  tones;  in  the  case  of  i 
tones  are  so  reinforced.  The  tooe  thus  reinfavaed  iaj 
i«rtial  lone,  hot  mar  be  the  fnndasMntal  lime. 
IS  sung  or  spoken  in  note*  of  different  pateh  dw  _ 
ttal  tone  which  is  retnforeed  will  oecany  diffennt 
the  aeriee  of  partial  tone^ :  it  ma;  be  the  tir»t. : 
oth«'  partial  tooe  according  to  the  pitch  of  the 
bme. 

That  the  vowel  dtainber  does  act  in  this  way  aa  a  i 
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(or  a  particular  tone  is  ahewu  by  moulding  the  oavity  into  the 
proper  form  fur  uttering  a  mrticulitr  vowpI.  and  bringing  before 
iho  mouth  II  sttrios  of  Buanuing  tuuiug-forks  of  diGferent  pitch; 
it  will  1x1  found  Unit  it  i»  tlie  »ouud  of  otic  tmiiog-fork  and  one 
in  parlicnlnr  wlmh  is  reinforced  mid  made  loudur,  namely,  the 
one  whose  pitch  oorreMponds  to  the  funilamenla]  tone  of  the  paj* 
ticular  vowel  ciivitv;  in  the  c.a»e  of  the  vowel  U  for  in»tiinee  it 
will  1)0  the  tuiiing-iork  having  the  pitch  ft.  On  the  other  hand 
llml  what  we  rccogiiizt  as  vowel  sounds  do  result  fmra  the  rein- 
fi)rceniciit  in  a  mu!^ical  aound  of  a  piLrticular  tone  or  of  particalar 
tonct«  may  \k'  idi«w'n  by  SL-tting  into  vibmtion  a  Herica  of  tuning- 
forks  of  <lifl'erenl  jiitcli,  in  imitation  of  n  musical  Kound  with  it« 
constituent  bonea.  a:id  then  in  turn  reinforcing  the  sound  of  pur* 
ticular  tuning-forka  by  the  help  of  artificial  i«sonatont.  When 
thitf  is  done  tlie  reinforcement  of  the  appropriate  tone  gives  rise 
Uya  vowel  sound,  tlie  reinforcement  of  h  giving  rise  to  U  and  so 
on.  Thd  curves  morv-tver  described  by  the  vowel  sounds  in  the 
phonograph,  in  wliivh  the  vibrationa  of  the  air  transmitted  to  a 
thio  pinbe  or  mumbmnu  are  made  to  write  on  a  rcconling  surface, 
are  in    fnnu  nui^h  nn  would  be  described   by  aoumU  in  which 

Sarticnlar  constituent  tonea  wet«  reinforced  in  the  maimer 
escribed.  Again,  as  we  said  in  dealing  with  hearing  (§  C-!))' 
when  a  note  i^  sung  into  the  open  piano,  the  particular  strings 
of  the  piano  corresponding  to  tlje  constituent  tones  of  the  note 
sung  ant  thrown  into  sympathetic  vibration ;  in  the  sound  thus 
returned  by  the  piano  tlio  nature  of  the  vowel  on  wliieh  the  note 
was  sung  may  be  recognized ;  the  atring  corresponding  to  the 
characteristio  tone  of  tJte  vowel  is  thrown  into  appropriately 
strong  vihrations. 

The  nature  of  the  vowel  sonnda  is  especially  well  illustrated 
by  the  kind  of  speech  which  we  call  tehitpifrinff.  In  this,  in  con- 
trast to  audible  speech,  no  musical  sounds  are  generated  by  the 
vocal  cords.  A  laryngvJil  soun<l  is  generated  but  it  is  a  noise,  not 
a  miuicjil  sound,  and  is  eau»c<l  by  the  friction  of  the  air  as  it 
passes  ibmugli  the  glollja,  which  assumes  a  peculiar  form,  the 
prooeasua  vocales  projecting  inwards  towanht  each  other,  leaving 
the  cartilaginous  glottis  as  well  as  the  greater  part  of  tlie  niem- 
bratious  glottis  more  or  less  open.  This  noise,  like  the  musical 
sound  of  audible  speech,  is  modified  by  the  parts  of  the  mouth 
and  pharynx,  and  in  it  we  may  recognize  vowels  and  conso- 
nuita.  The  noi«e  of  the  wlnspvr,  though  weak,  contains  multi- 
brious  vibiationa,  contains  among  other  and  im-gnlnr  vibrations, 
the  regular  vibrations  corresponding  to  the  several  vowels. 
When  We  whisper  a  vowel,  we  'set*  the  vowel  cbamlwrso  that 
it  may  reinforce  the  set  of  vibrations  of  the  particular  piteh 
characteristic  of  the  vowel :  and  a  well-trained  ear  may  recog- 
nite  in  the  whisponMl  rowel  tlio  dominant  tone. 

A  vowel  llion  is  essentially  a  muaicol  sound  of  a    ipw-ial 


i 
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qwlitj,  dn  to  tb*  dwiPMiiw  of  a  pMtigalw  tone, 

in  the  glottM  moA  ninfoRcd  br  the  i  mifniTMliiw  of  dw 

c^Hnber.    TliM  view  at  UaA  ac  espaniKM  above,  n  tl»  i*« 

gcMnlly  beUi :  bat  reeent  ofanrrstians  based  on  gi    " 

mv«,  it  M  riffbt  to  say,  tbrown  aon*  doobt  oa  tbs 

we  caaiux  tbacaB  here.    Tbne  ate  mnttorer  nuy  < 

qoctinria  coanected  with  the  fonnatioB  e(  -rowd*  into ' 

eannoC  enter  here.    We  wQl  merelj  add  that  in  iiUeiing  a  u«r 

dulAboD^,  the  oonfomnticM  of  the  vowel  ehunbw  proper  to  the 

bntlBl  vowel  is  flawed  i^idlr  but  gradtally  mod  witihosC  aav 

obviotte  break  iato  tnat  pi|aper  to  tbe  fioal  voweL 

}  Ml.  Cnwmweta.  Imk  *>  we  have  alieadj'  and  ta  eaae 
eaeai  so  far  resemble  vowels  in  that  they  are  noiGScatiaaB  ef 
tbe  voice,  ifaat  is  to  sav  of  Urrnseat  aDoads.  cawad  bf  the  A- 
poeitton  of  tbe  porta  of  tbe  vowei  cfaamber,  the  dt^oMtaoa  how- 
ever faeinfT  in  all  Mich  cMei  different  frDoi  that  gmag-  liae  to  a 
vowel,  »ud  moreover  tbe  vety  aMUMulioo  of  the  diniMitian  tafcp 
injf  part  in  ibe  generatioa  <d  the  whole  aoand.  Soeb  mrnonanrt 
biiwever  are  reuUirely  few,  Ibe  great  najoritr  of  eonaonana  are 
caofled  by  cbantres  which  set  op  vibcBtions  to  some  part  or  other 
of  tbe  vowel  chamber  or  in  tbe  lannx  it#<rlf ;  tbey  ars  iKaiet 
which  may  or  may  not  be  aceompanicd  by  vo^  tlw  vtbrataoM 
prodncinfr  a  dilTcrvnl  cooaoiuuiC  aeootding'  ai  they  are  or  aiv  aol 
aeeompaiued  by  voice-  Soeh  rifacalioM  any  be  aet  up  m  acvetai 
wayH.  lo  tbe  case  of  many  eoaaoaaata  vifaradoos  are  aet  op  br 
the  paea^e  being  closed  ana  then  saddeoly  opened  at  a  partiea- 
lar  port;  aucb  coiuonanta  are  niolceo  of  as  erpt^titts.  la  the 
carc  of  theie  coiuonaatB  tbe  naaae  which  is  their  enential  oaiC 
cannot  be  prolonged,  it  is  momeatary  in  dnration.  tboBt^  whca 
it  is  accompanied  br  rotce  the  Utter  10:7  eontione  Kir  sooe 
time.  In  the  case  oi  other  coosonanti  tbe  aoiae  is  caaaed  by  tbe 
nub  of  air  throu^  a  narrow  space  and  the  eooMBaata  any  be 
deecHbe<i  a«  '  frictional  * ;  or  die  fwiae  may  be  prodooed  by'  tbe 
vibratory  movements  of  particnUr  parts.  Both  theae  londa  of 
oonmnantii  can  nAturallr  be  prolonged  for  ao  indefiaile  tiae, 
and  have  been  calk-d  con/inuoiM  comonants. 

On  thB  other  hund  tiic  characters  of  a  eonaoaaot  are  also 
dependent  on  the  particular  [art  of  the  paasage  at  ailich  tbev 
are  geneimted ;  and  thiii  aUo  may  he  nsed  an  a  means  of  cl 
cailoo.  Some  confloruintfi  are  produced  at  tbe  lips  hy  the  \ 
ment  or  position  of  the  lips  in  reference  to  each  other 
the  teeth;  these  are  called  labial  and  l/Mbio-JfTUal  consoi 
Others  attain  are  productrd  by  the  movement  or  posilioo  of  th^ 
tongni;  in  reference  to  tbu  tci-th  or  to  Uie  teeth  and  bard  palata; 
these  are  called  liental.  Y^l  rtUier^  are  prodoced  by  the  move- 
ment of  the  hack  of  the  tongue  in  relation  to  the  soft  pidata  and 
pharynx  or  fauces ;  these  are  called  gutttuvl  conaonanta.  tbe 
nuniB  being  also  ^plied  to  certain  cooaonaBts  which  are  eaaen- 


aitich  ther 
>  ofclMii^ 
rthej^H 
other  d^^l 
copsooaa^B 
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tiallv  noises  generated  in  the  larynx  itself.  These  names  are  use- 
ful for  a  general  broad  cliissilifation  ;  the  term  dental  however  is 
uaed  to  include  consonants  wliich  tiro  formi-d  bv  the  tongue  in 
rolatJon  to,  not  thti  teeth,  but  the  front  pitrt  of  thu  hard  juilate; 
licnco  it  iti  to  that  ext«nt  open  to  obj«ctJon.  Tbare  arv  nUo 
oth«r  cla-SMiflralioiw  into  whicli  we  o&nnot  enter  hew. 

S  682.  When  the  various  langungesof  the  world  are  exam* 
inea  the  numl>er  of  oonaonanbi.  that  is  to  say  of  Konnd-t  used  in 
speech  and  having  the  charactere  on  whicli  we  are  dnetling,  is 
found  to  be  very  large;  and  concerning  the  nature  and  mode 
of  formation  of  many  of  them  much  discission  liaa  tAken  place. 
We  must  content  oureulvc»  here  with  very  brii^tly  indicating  the 
chief  facts  concerning  the  mode  of  formation  of  tbv  most  impor- 
tant and  oominon. 

The  group  of  con»onant-s  re;^re.sented  by  M.  X.  NO.  are  very 
olosely  alHitd  to  vowels.  In  e;ich  of  these  as  in  a  vowel  the 
larynx  is  thrown  into  vibrations ;  but  instead  of  the  vibrations 
passing  out  by  the  mouth  through  a  passage  which  has  assumed 
a  form  belonging  to  this  or  that  vowel,  the  passage  to  the  mouth 
is  vloscd,  and  the  vibrations  find  their  way  out  through  the  nasal 
cavity  which  acts  as  a  resonance  chainl>er.  When  a  vowel  is 
sounded  the  soft  palate  either  completely  shuts  off  the  nasal 
cavity  from  the  vowel  chamber,  or  at  least  offers  such  resistance 
that  an  inaigiiilicant  proportion  of  the  expiratory  blast  passes 
into  the  nasal  cavities.  A  vowel  may  be  sung  powerfully,  and 
yet  a  flume  exposed  to  the  nostrils  only  will  show  no  movements ; 
in  the  case  at  least  of  some  vowels  however,  a  piece  of  cold  pel- 
ii^lied  steel  n'ill  become  dim,  shewing  that  some  air  is  jiassing 
through  the  nostrils.  When  the  comninnioaliona  hetw.^^n  the 
niAal  and  pharyngeal  cavities  are  suOiciently  free,  and  the  otlier 
conditions  are  favourable  for  the  nasal  cavities  to  act  as  a  reso- 
DUioe  chamber,  the  vowel  sounds  are  ant  to  take  on  a  nasal  char^ 
actor;  and  this  occurs  more  readily  when  the  vowel  is  said  than 
when  it  is  sung.  In  the  group  of  consunantj*  in  queittion  th« 
nasal  cavities  become  all  inipoitnnt,  the  jiawtage  through  the 
mouth  being  hhicked.  In  M  the  passage  is  closed  by  shutting 
the  lips,  in  K  by  the  application  of  the  tongue  to  the  front  of 
the  )»rd  palate  and  upper  teeth,  in  ^'G  by  the  application  of  the 
tongue  to  the  soft  palate. 

While  in  the  above  group  no  new  vibrations  are  added  to  the 
larii'ngcal  vibrations,  in  the  ordinary  L  which  like  them  is  based 
on  laryngeal  sounds,  new  vibralionK,  constituting  •  noiMt  aro 
added.  The  ^wss-igv  is  not  completely,  only  piartially  closed ;  the 
fmnt  of  the  tongue  is  nressetl  aguin^t  the  bitnl  |ialate  in  such  a 
way  that  the  pasiutge  is  oloclied  in  the  middle  but  tlie  air  escapes 
through  narmw  channels  on  each  side.  It  is  the  noise  caused  by 
the  rush  of  air  tlirough  these  ttarroiv  spaces  which  added  to  tlie 
Toice  produces  the  sound  we  dUtiuguish  as  L.     lu  certain  fomu 
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of  L,  for  inatinoo  in  the  Welfth  II,  the  noise  is  not  sooompan 
by  laryngeal  vibialions. 

K  ia  also  allied  to  the  above  in  so  far  as  it  too  nectls  voi 
and  U  ba:^ed  on  liiryitgcal  vibnttiuiis.     But  iLciie  vibrutions  a 
modified  in  a  si>ccinl  way ;  they  iiP8  rendered  intermittent  by 
vibratory  niovunivnlA  starLed  in  itome  part  of  the  paiMAgv,  the 
bt-ing  diff«rvnt  kinds  of  K  aoeording  as  the  interruiition  tak 
jj|iii;e  al  the  tongue,  or  at  ihe  fauces.    The  common  K  is  priMlin.-tfi 
by  the  vibrations  of  the  point  of  the  tongue  raised  against  tl 
front  of  tlio  hard  palate,  and  the  fruttur.il  K  by  the  vibraiiiwa 
the  uvula  &giiinsl  the  root  of  the  toiiRue.     lo  the  feeble  ICiigl: 
K  there  iippL-ar  Ut  h(i  no  vibrations;  the  vowel  chamber  is  simply 
nanowt'd  in  fi-ont  by  the  lip  of  the  tORfpJC. 

It  will  be  observed  that  L  and  the  common  K  resemble  cacb 
other  to  a  considerable  extent  in  the  position  of  the  tonfrne:  the 
chief  difference  is  that  in  L  tJie  tongue  is  not  itself  the  subject 
of  muscular  movement,  and  the  vibrations  are  produced  by  the 
friction  of  the  expiratory  bkst  through  the   narrow  ehannel, 
whereiw  in   It  the  vibratory  interniplioiis  are  produced  by  the 
Riovementx  of  the  tongue.     If  in  pronouncing  L  ihu  tongue 
suddenly  set  in  movement,  or  in  pronouncing  K  thu  tongue 
suddenly  arrasted  in  ita  movements  while  in  approximation 
the  palate,  the  one  consonant  is  changed  into  the  other ;  and, 
is  well  known,  eertain  persons,  for  instance  the  Cbineoe.  are  a; 
to  UHC  the  one  instead  of  the  other. 

The  er.phmvfx  differ  according  to  the  part  where  the  inter- 
ruption tjike!4  pbico ;  and  in  each  kind  of  inU;mi])tion  tbo  souiul 
is  different  and  receives  a  dilfei'ent  name  according  a8  voice  b 
used  or  no.     I'  is  uttered  when  the  lipa.  being  tirat  closed  and  an 
expiratory  blast  driven  against  them,  are  suddenlv  opeiietl.     Dur- 
ing this  act  no  voice  is  uttci-ed.    If  voice  is  utterec)  the  P  heeoia«« 
£.    These  are  labial  explosives.    In  T,  the  intcmiption  which  19^ 
suddenly  removed  \»  oansetl  iiy  the  npplicntiou  of  thu  tongue  t^| 
the  fi-oiit  part  of  the  hard  palate  in  the  ca«e  of  tbe  Englisli,  to^ 
the  teeth  in  the  case  of  most  other  langu^^;  it  \*  culled  a 
dental  explosive,  dental  being  used  in  the  wide  meaning  xtnted 
above.     With  T.  there  is  no  voice:  if  voice  be  added  the  sound 


be 

I 


Since  P  diffeis  from  B.  and  T  from  I>.  only  in  tl 
preseiiec  of  voice,  the  remo\il  or  addition  of  voi 


Iwcomes  D. 

absence  or 

will  at  oneo  convert  in  en<:h  cn^  thu  one  oousonaat  into  the 

other;  and  by  certain  nations  F  and  li  are  U8«(i  tbe  one  for 

other,  aa  are  also  T  and  D. 

It  will  be  observed  that  B  and  D.  both  with  voice,  have  cer 
tain  relations  to  M  and  N  respect jvelj-.  In  B  and  M  the  action  _ 
is  labia),  in  D  and  N  dcnUl.  voice  being  present  in  all;  the  dif- 
ference is  that  in  M  and  N,  the  action  consists  in  the  eatahitslt- 
inent  of  an  olwtruelion  in  the  buoeal  passage,  in  B  and  t>  in 
the  sudden  removal  of  an  obstruction.     If  there  be,  as  in  nasal 


'J2I 

icaH 
he 

1 
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oatarrh,  an  ittteqimle  nlHtnictioi]  to  the  exit  t1)i-oii(;1i  tlic  nnsal 
passages  of  the  expii-ni^ry  btaxt  which  creates  the  snuml.  it 
becomes  difficult  if  not  impossible  to  estiiblUh  the  nU->triictioii 
in  the  mouth,  since  iii  thnt  cusc  thoru  i^  no  exit  at  all  for  the 
expiratory  blast.  Heitci;  in  luual  catarrh  there  is  a  tendency  for 
thv  etTort  tu  proriouncc  M  to  reitult  in  B,  and  tliat^to  proDoonoe 
N  in  n :  *  name "  become*  *  dabe.* 

if  till!  tongue  be  brought  to  the  hack  in.tt«ad  of  to  Oh'  front 
of  the  harii  pnlate  the  consonant  K  (hiinl  C)  is  ullei-i;d ;  if  vott'o 
lie  addiid  the  sound  is  G  (hard).  These  are  guttural  exploiiivt-^. 
Allied  to  them  is  the  brief  soiuid  which  in  certain  cases  inaugu- 
rates a  vowel  ant]  which,  due  to  tliv  sudden  opcnimcr  of  the  closed 
glottis,  is  immediately  followed  by  tlie  vibnttions  of  th«  cords  and 
so  by  the  true  vow«l  sound.  This  in  the  nfiiritut  Unit  as  distin- 
guislifd  friiin  11  or  the  »piritu»  atptr.  of  which,  furmed  as  it  is  in 
a  diffLToiJi  manner,  we  snail  speak  diiectly. 

Certain  other  consonants  are  continuous,  and  like  L  are 
formed  by  tlte  rush  of  air  through  a  constriction  formed  .some- 
where in  the  passage ;  they  arc  frictional  in  origin.  They  differ 
however  from  the  orditiary  L  in  that  they  are  not  always  aceom- 
pantetl  by  voicv;  like  the  explosives  thvy  inn^'  be  uttvred  without 
any  vibrations  of  the  vfwal  cordi*.  and  when  these  do  itccompany 
the  frictiiinal  sound  the  consonant  tit  altered  in  its  chamctent  anil 
receives  another  name.  .'\s  in  the  eHs«  of  the  exploefivcK,  in  fonn> 
ing  the  different  meraberH  of  the  group,  the  vibrations  giving  rino 
to  the  sound  are  started  in  different  parts  of  the  passage,  ai  tlie 
lips,  at  the  teeth  or  hard  palate,  or  at  the  fauces. 

When  the  constriction  is  caused  by  the  Hp  being  brought  into 
contact  with  the  teeth  (and  generally  the  lower  lip  and  up)>er 
teeth  arc  used),  so  as  to  reduce  the  outlet  to  a  narrow  space,  the 
vibnitions  started  al  the  eonslriction  give  rise  to  F.  when  no 
TfMce  is  uttered  al  the  same  time.  If  voice  be  also  uttered  the 
K  becomes  V.  If  the  teeth  take  no  part  in  the  conatriction.  and 
this  l«  made  exclusively  by  the  two  lips.  ll>e  vowel  chamber  at  tlie 
name  time  assuming  the  snape  proper  to  the  vowel  U.  the  sound 
if  voice  be  uttered  is  It',  the  Lnglisb  IP  and  the  allied  French 
ou  (in  otiiy  may  be  regaidcd  a>,  the  vowel  6'  (in  two  different 
forms)  turned  int<»  consoniuiLi.  Tlie  sound  whiirh  i.s  formed  by 
the  two  lips  alone,  in  the  alisence  of  voice  is  the  Englisli  (North 
Country)  Wh. 

When  the  constriction  is  formed  between  the  tongao  and  tho 
t4>eth  in  such  a  way  that  the  tit>  of  the  tongue  protrudes  between 
the  partially  ojten  rows  of  teetn  thcsoutid  is  called  Th:  a  'hard* 
Th  as  in  'tnin'  if  without  voice,  a  'soft'  Th  as  in  'this'  if  with 
voice.  The  effect  of  this  manosuvre  doea  not  differ  greatly  from 
that  of  forming  F,  and  certain  petsons  in  attempting  to  pr>- 
nounco  a  hard  Th  give  utterance  to  F,  as  in  the  oocttney  'nulli  i.' 

Wburi  tiio  constriction  takes  place  between  the  tongue  aiia 
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II  inu  coiisincuuii  u<:  i»niica  n  iiiue  tai- 
front  t«vtb  by  the  upproximation  of  tha  fl 
the  hard  palate,  tlie  Kound  ullcred  with-  ^ 


Uio  tccti)  in  such  a  way  tliat  a  nnn'ow  channel  14  fornud^ 
between  the  upper  incisors  and  the  tip  of  the  tongue  curved 
into  a  groove  ttie  sound  in  called  S  (soft  C)  U  wnUiout  vnice, 
and  Z  if  with  voice.     If  thu  constriction  be  fonned  a  little  far- 
ther Utck  behind  the 
tongue  to  ttic  front  of  , 

out  voice  i»  >S% ;  if  voice  Ite  nddea  tJie  sound  becomes  the  French 
J,  which  we  represent  by  a  as  in  •  azure '  or  by  ^  as  in  '  badiji^r."  h 

If  instead  of  Ixrinff  formed  by  the  teeth  the  conatiictiori  ba'fl 
oarried  farther  back  troin   the   region  of  the   teeth   and   hanl 
palat«  to  thiit  of  the  soft  pHliitc  and  fituccii,  n  guttural  aspirate 
16  formed.     Without  voice  this  h  the  hard  Oh  lu  in  the  Scotch 
'  locli,'  with  voice  tlie  soft  Ch. 

y  appears  to  be  the  vowel  /  («)  used  as  a  consonnnt.  much 
in  tJie  same  way  that,  as  stated  above,  IF  is  CT  used  m  a  conso- 
nant. 

LastI}*,  a  consoniintul  sound  may  he  formed  by  the  glottis 
itself  supplying  a  oonstriction  but  in  such  a  way  tliat  the  vocal 
cords  arc  not  t.hmwit  into  musical  vihnttions.  When  in  utter- 
ing a  vowel  we  begin  with  the  glottis  not  closed  as  in  the 
»fnrilu»  leni»  but  open,  and  send  through  the  glottis  uii  expira- 
tory blast  which  creates  irregular  vibrations  by  friction  bcfon 
the  cords  are  brought  into  a  |)ro|jer  position  for  their  regular 
x-ibrations,  the  result  is  the  aspiral«  H.  the  »piritn»  tuptr.  Tlw 
purticularly  powerful  H  of  Arabic  ut  produced  by  bringing  tlw 
processus  vocaU-s  into  conl.-tct  with  or  ne-ar  to  each  otber  but  sa  fl 
as  to  leave  the  cartilaginous  glottis  widely  open  and  tJm  mem-  ' 
branous  glottis  more  or  less  ojten ;  at  the  same  time  Uie  ven- 
trionlar  winds  are  ajiproximated.  and  the  superior  ajierture  of 
the  larynx  is  forcibly  constricted.  The  expiratory  blast  driven 
tbrougn  the  series  of  irnLgular  passages  gives  rise  to  the  irn-gu- 
lar  vibmtions  wliich  constitute  the  sound,  the  vocnl  cords  being 
motionless  or  at  least  not  giving  rise  to  the  regular  vibratioas  of 
voice. 

We  have  aeen  tliat  in  whispering  no  trae  voice  is  uttered, 
no  regular  vibrations  are  generated  in  the  vocal  cords,  tbougb 
the  passage  of  the  air  thrnugli  the  glottis  produces  vi1)imtiooa 
which  serve  as  the  basis  of  the  whisper,  being  mcnliiied  by  the 
vowvl  cavity  so  as  to  form  vowels.  To  these  vihnitiuiis  may 
be  added  the  vibrations  of  the  consonants,  so  that  a  whisjwrt 
becomes  complete  thougl)  feeble  speech.  Since  tho  irregular  I 
glottic  vibrations  of  a  whisper  are  very  weak  compotcd  wit£  tha 
relatively  powerful  true  vocal  %-ibration8,  the  distinction  between 
coniionants  with  voice  and  nithout  voice  is  in  a  \vhis|ier  largely 
obscured :  it  is  ditlicuU  for  instance  in  a  whisper  to  distingi^j^ 
betwoon  i'and  B. 
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§  $83.  The  skeletal  muscles  are  for  the  most  part  ftrrnn^d 
to  act  on  the  Imnej^  and  cartilages  as  on  leven,  examples  uf  thu 
first  kind  of  lever  bcin^  rare,  and  thoaeaf  the  third  kind,  where 
the  powt-r  is  applied  nearer  to  the  fulcrum  than  U  the  weight, 
iK'in^  itioro  common  than  iho  second.  This  arises  from  the  fact 
tliat  the  mnvement«  of  the  Iwdy  bio  chiotly  directed  to  movins 
compjtmii  vely  light  weights  through  a  great  dtstimee.  or  tlirougn 
a  certain  distance  with  great  precision,  rather  than  to  moving 
heavy  weights  through  a  short  distance.  The  fulcrum  is  gen* 
erally  supplied  by  a  (perfect  or  imperfect)  jninL  and  one  end 
of  the  acting  muscle  is  made  fast  by  being  attached  either  to  a 
fixed  point,  or  to  some  point  rendered  fixed  for  the  time  being 
by  the  cuntntclion  of  other  muscles. 

There  are  indeed  few  muveiiients  of  t}ie  body  in  vrhicb  one 
muscle  only  is  oonoemed ;  in  the  itiajurity  of  eases  Mivcml  mus- 
cles act  together  in  concert ;  tlie  tiKWemcnts  of  the  lar^'iix  which 
we  have  just  studied  afford  a  striking  illustration  of  this.  The 
relations  of  the  muscles  which  thus  act  t<igether  are  many  and 
varied.  When  one  muscle  is  contracting,  the  contractions  of 
another  muscle  or  of  other  muscles  may.  aa  just  stated,  serve  to 
Hccunu  n  fixed  point,  or  may  enforce  the  effect  of  tho  first  mus- 
cle, or,  unci  this  is  perhups  tho  most  cominou  case,  inny  gi\'v  n 
special  direction  to  the  action,  the  movement  effeoled  liuing 
the  resultant  of  the  forces  employed  in  combination.  Many 
muscles  are,  either  partially  or  wholly,  antagonistic  in  action  to 
-each  other,  such  for  instance  as  the  flexors  and  extensors,  and 
such  roiiaelcs  as  those  of  the  fao*.  which  act  bilaterallv  in  oppo- 
site directions  on  parts  placed  in  the  middle  line ;  an^  the  rela- 
tions of  these  antagonistic  muscles  seem  to  bo  specially  com- 
plex. When  a  muflclfl  contracts  it  is,  as  we  saw  in  treating  of 
nerve  and  muHcIc,  of  advantage  that  the  muscle  sliould  at  llie 
moment  of  cnntnction  be  ali-ci\dy  *'  on  the  slrctvh ; "  this  is  pro- 
vided by  tlie  anatomical  disi)Ositioii  of  the  [Kirts  assisted  proba- 
bly, as  we  Haw  (§  4i0),  by  skeletal  tone,  but  in  also  further 
BecuHMl  by  tho  action  of  its  antagonists,  which  moieover,  after 
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Oic  iniisclv  lias  coiUractcft,  assist  lia  return  to  its  proper  posit 
of  li-st.  Wlieii  a.  plaint  hiw  lo  \>e  lixed  the  two  ^et^  uf  mtuclfl 
whicli  act  as  aiilagoniMs  on  the  point  are  lx>th  thn^wii  inio  co 
Iraolioii,  ill  proportion  to  their  relative  eflEecl.  If  the  action 
one  muscle  (or  set  of  musclfs)  1^  to  t)C  (lomiiiant  it«  anlagoaist 
may  take  no  piirt  in  tlic  aLrtioii,  bciug  m-ittior  contracted 
rijlapsed;  Vrnt  there  iiru  rca«0U8  for  thinking  that,  in  many  < 
ut  nil  events,  ihu  ftclioii  of  one  niuKcIc  tliongh  remaining  clumf 
Haiit  i»  ttmpeied  and  guarded  so  to  itpeak  liy  a  conouinitunt 
feehler  action  of  its  nntagonUt:  on  the  other  hand  we  have  vvi- 
dence  as  in  the  ca^e  of  the  ocular  niuiicle^  (§  oKo)  that  it  may 
be  as-iiatcd  hy  an  inhibition,  ii  relaxation  of  the  nutagnnist. 
These  several  phases  arc  governed  by  the  nervous  sjTstem,  and 
the  behaviour  oC  nntagonistic  mu»oUii  and  grougis  of  muscles 
affords  many  iiistauces  uf  what  wc  have  so  often  insisted  upon, 
namely,  that  nearly  all  the  vaHous  movements  of  our  IkmIv  are 
coordinate  movements,  and  that  in  many  cases  the  coordin%ti« 
is  extremely  complex. 

§  684.  The  erect  pasture,  in  which  the  weight  of  the  bod 
is  borne  by  tho  pUnt»r  archeii,  is  the  result  of  a  soties  of  ca>l 
tractions  of  the  muscles  of  the  tiunk  and  lvg»,  having  for 
object  tlic  keeping  tliv  body  in  .such  a  position  tliat  the  line  of 
gravity  falls  within  the  ai-ea  of  the  fuc-l.  That  thi:«  doi-«  rtM|uire 
muscular  exertion  is  siiewn  by  the  facts  that  a  person  when 
standing  perfectly  at  rest  in  a  completely  IwUnced  mwitiou 
falls  when  he  becomes  unconscioux,  and  tliat  a  dend  Ixxly  e;u|H 
not  be  set  on  its  feet.  The  line  of  gravity  of  the  head  falls  it^ 
front  of  the  occii>ital  articulation,  its  is  shewn  by  tlie  nodding 
of  the  head  in  sleep.  The  centre  of  gravity  of  the  combined 
head  and  trunk  lies  at  about  the  level  of  the  cnsiform  cartilage, 
in  fi-onl  of  the  tenth  thoracic  vertebra,  and  the  line  of  gravity 
drawn  from  it  pa.-sse3  behind  a  line  joining  the  centrws  of  tL 
two  hi[i-jointH,  no  that  the  erect  body  would  fall  backn'ar 
were  it  not  for  the  action  of  the  muscles  pa8.iing  from  tl 
thighs  to  the  pelvis  assisted  by  the  anterior  ligaments  of  th« 
hi|>-jnints.  The  lino  o£  gravity  of  tlio  combined  head,  truni 
and  thigliH  falls  moreover  n  Uttlo  behind  the  knee-joints,  so 
some,  tliongh  little,  wuseuhir  exertion  is  retjuirvd  to  prcvci 
the  knees  from  being  bent.  l*astly,  the  line  of  gmvily  of 
whole  body  passes  in  front  of  tlie  line  drawn  Ixitween  the  two 
Ankle-joints,  the  centre  of  gravity  of  the  whole  body  beii 
placed  at  tlie  end  of  the  sacrum ;  hence  some  exertion  of 
muscles  of  the  calve*  is  roquiivd  to  prevent  tlie  body  tallinj 
forwards. 

§  685.     In  walkimj  advantage  xs  taken  of  this  forward  posi- 
tion iif  the  centre  of  gi-avity,  and  the  tomleney  U>  fall  forwanl^ 
is  utilized  to  swing  each  leg  in  turn  forwanU  after  the  fashir 
of  a  pendulum.     In  each  step  there  is  a  moment  at  which  ll 
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bwly  ia  restinp  x'crtically  on  on«  lofr.  say  tho  right,  while  tlie 
other  i»  inclim-d  ohliqimly  Ix-hiinl.  Tlitf  two  Icps  and  tliu  plnne 
of  the  jjiimml  form  a  rigUt-aiit;le<l  triniigle,  of  which  titv  lolt  \vg 
ia  the  hypothenuHe,  the  right  nn}Tle  being  bvtn'euii  the  right 
leg  and  the  ground.  At  a  certain  moment  the  foot  of  the  right 
kg  will  bo  ttat  on  the  groand  und  the  line  of  gravity  will  fmaa 
thiviigh  it«  hvvl.  But  tho  contra  of  grnvity  is  moving  foi^ 
wartLs:  evvn  if  there  litul  Ixtun  no  [yrcvious  steps,  and  so  no 
momentum,  the  liocly  and  with  it  the  ooutrt-  of  gnivity,  unless 
prevented  hy  muscular  ("ffort.  wovild  Iiavo  fallen  forward;  wo 
may  therefore  speak  of  the  line  of  gravity  n»  levelling  for> 
wards ;  it  jiasses  from  the  heel  to  the  toe  (of  the  right  fool). 
If  tho  body  were  simply  falling  forwards  the  centre  of  the  liip- 
joint  would  move  downwards  as  well  as  forwards,  de.icribing  a 
cirok  with  the  leg  as  a  rniliu».  But  ut  the  moment  of  which 
wo  are  8p(;aking  the  (right)  leg  i^  somuwhiit  nc!c<r<l,  ixtth  at  the 
ankle  and  still  more  at  the  knee.  And,  tn  ihu  line  of  gravity 
is  travelling  forward  from  the  heel  to  tiie  toe,  the  active  part 
of  the  {lerformaiice  intervenes.  The  foot  is  raided  front  tho 
ground  from  the  heel  forwards,  until  it  is  only  the  I)all  of  tho 

rat  toe  whieh  is  rusting  ou  the  ground,  and  the  whole  leg  ia, 
muscuUr  elTorl,  straightened.  In  this  act  the  right  leg  acts 
OH  a  lever,  the  Utll  of  the  great  U»;  serving  us  a  fiilcrum ;  and 
the  effect  of  iJie  aet  is  to  prevent  the  centre  of  gravity,  or  tho 
hip-joini.  from  moving  downward;),  and  to  cany  it  forward)) 
only  in  more  nearly  a  straight  line.  In  thiLH  carrj'ing  the  hips 
(and  body)  forward  the  leg  hn^  changed  its  position ;  from 
being  vertical  and  Qoxcd  witli  tlie  whole  solo  resting  on  tiie 
ground,  it  h.u  hix'orno  inclined  forivnixls  obliquely,  extended 
straight,  with  the  Iocs  only  rusting  on  tho  ground.  It  has 
fts-tumcd  the  i<^-inie  po«ttire  as  Uiut  of  the  left  leg  nt  tlio  moment 
ftt  which  we  started. 

Even  at  that  moment  the  left  leg  was  behind  the  line  of 
gravit}',  and  unless  it  moved  would  become  more  and  more  .to  as 
the  cliflngea  tn  the  right  leg  went  on ;  hence  if  left  to  itself  it 
wouhl  swing  forward  much  as  a  pendulum  which  had  been 
mUud  up  would  itwing  forward  whtiu  let  go.  And  during  the 
changes  in  the  right  leg  which  we  have  juKt  duscribcd  the  left 
does  awing  forward,  its  movement  being  chiefly  determined  like 
that  of  a  pendulum  by  gravity,  thougli  it  may  be  assisted  by 
direct  muscaUr  effort,  and  is  certainly  so  guided,  being  for 
instance  slightly  flexed  during  the  transit.  It  swings  forward 
in  front  of  tho  line  of  gravity  and  is  thus  brought  to  the 
gmtuiil.  the  toe.4  in  proju-r  wniking  making  contact  6rst  and 
the  heel  later,  though  many  jHsoplo  who  wwar  shoes  bring  the 
heel  down  at  least  as  noon  an  the  toes.  It  swings  wo  say  in 
front  of  the  line  of  gravity ;  but  lliat  line  of  gravity  is  travel* 
ling  forwards,  so  th«t  in  a  very  short  time  the  body  is  resting 
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vertically  on  the  left  leg,  with  the  line  of  gravity  falling  at  th^* 
left  heel.    That  ia  to  say,  tho  left  leg  hus  now  assumed  wa  posi- 
tioD  which  the  n;;ht  leg  had  when  \vu  bcguu ;  meauwhilc,  iw 
hnvo  seen,  the  right  li-g  Ikls  <i.'«:<uuioi1  thu  furniur  {MStlioii  of  Ui 
left  leg;  the  .step  in  V(»npii;tt.'t),  and  the  tnnvomoiitM  of  the  nei 
step  merely  repeat  those  of  the  one  which  we  have  described. 

It  is  obvioUH  from  the  above  that  in  walking  thera  are  in 
each  step  pei-iod»  when  both  feet  are  touching  the  ground,  vi^^ 

Eeriods  %vhon  one  or  the  other  foot  iit  nLsed  from  tlio  ground^^ 
ut  there  is  no  {joriod  wLcn  bath  tent  are  o0  ttiv  ground.     Tliit 
ij(  iilmwti  in  the  diagram.  Fig.  I'Jii,  which  mpreseot^  two  steps. 
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n,  tlie  rlghi  (ooi.    /„  tbr  Infi  tnoi..    Tn  irich  cam  tlia  cumrf  llni? 
tlie  lime  wlii'ii  tlie  foot  lit  not  In  coDtAct  with  tlie  grouud.  and  ibe  Mtafi^ 
wben  it  ia  iu  contact. 

During  a — 6,  tliB  k-ft  leg  (l)  leaves  the  ground  as  indioAt 
by  the  curving  of  th«  line.  During  b — c  both  fe«t  ar«  on  the 
ground.  During  e — ti  Uic  right  leg  (r)  in  above  but  the  left 
(t.)  is  .still  on  tho  giYiund.  During  4 — c  both  are  on  the 
ground  and  the  double  step  is  completed,  the  next  altip  begin- 
ning again  at  e  with  the  left  leg  leaving  the  ground. 

We  have  said  that  the  centre  of  gravity  is  in  walking  pn 
vented    from   moving   downwai-ds  lui  well   as   (orwanhi.   as  ' 
would  do  in  the  act  of  falling  forwards.     It  does  not  howe 
describe  a  straight  line  forwartlu,  it,  and  with  it  the  top  of  the 
head,  rise»  and    f-ilLs  at  each  »tep  of  each  leg,  and  hunee  d»-. 
scribe.s  a  seriea   of   consecutive  curves   not  unlike  ihv  line 
flight  of  many  birds. 

Since  in  standing  on  both  feet  the  line  of  gravity  falls 
between  the  two  feet,  n  lateral  displacomoiit  of  wo  centre  C^H 

fravity  i»  nccoHsary  in  oitU-r  to  hftlaneo  Ihu  body  on  one  foowB 
fence  ill  walking  the  centre  of   gi-avily  describes  not  only  s 
series  of  vertical,  but  also  a  series  of  horizontal  curves,  inas- 
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much  as  at  i^nch  Htcp  the  Un«  of  gravity  is  maile  to  fall  altera 
imloly  OH  uauli  stuiKiin^  foot,  Wliilu  llii;  left  li-g  is  Bwiiigiiig, 
tlio  line  of  gravity  falls  within  llic  area  of  ihu  rinhl  foot,  una  tlio 
centre  of  gravity  is  on  tlie  right  8i<l<.*  of  tlie  [lelvis.  As  tlie  left 
foot  becomes  the  stanclini,'  foot,  the  centre  of  gravity  in  shifted 
to  the  lijft  side  of  the  pelvia.  The  actual  curve  tiescribed  by 
the  centre  of  gravity  is  therefore  a  somewhat  coiniilicated  one, 
bcin^;  composed  of  vortieal  and  horizontal  facial's. 

The  iintural  step  is  tlio  one  which  u  determined  hy  tlio 
length  of  the  swinging  leg,  since  tlii«  acts  as  a  pendulum ;  and 
hence  the  step  of  a  long-legged  jjer^on  is  nflturallv  longer  than 
that  of  A  person  witb  short  legs.  The  length  of  the  step  how- 
ever may  be  diminished  or  increased  by  a  direct  muscular 
effort,  as  when  a  line  of  soldiers  keep  step  in  spite  of  their  hav- 
ing h-gs  of  different  lengths.  Such  a  mode  ot  marching  must 
obvioiiidy  Ih^'  fatiguing,  inasmuch  us  it  involves  an  unnecessary 
exficndilure  of  energy. 

In  slow  walking,  which  Fig.  193  may  lie  taken  to  ilhistrate. 
there  is  an  appreciable  time  uuririg  wtiich,  while  one  foot  is 
already  in  position  to  serve  as  a  fulcrum,  the  other,  swinging, 
foot  has  not  yet  loft  the  ground.  In  fast  walking  this  period  is 
«o  much  reduced,  that  one  fiHtt  leaves  the  ground  the  moment 
the  other  touches  it;  hence  there  in  practjctilly  no  period  during 
which  Ix»th  feet  are  on  the  giound  together;  tJiis  might  be 
shewn  by  omitting  h — n  and  J — e  in  Fig.  11)3. 
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Fid.  191.    I>ixokam  to  illdstbats  Rmnn^io. 

L,  Uie  Iin«  of  contnct  with  (he  sriiund  »l  the  M\.  Jt  nt  tlie  rl^it  foot ;  In 
k  OMD  lli«i  curv«d  portion  ot  tho  LUic  rcpioMnu  tbe  litue  duriug  wliicli  tli4 
loot  iMTes  ilie  tEnund. 

When  the  body  is  swung  forward  on  the  one  foot  acting  as 
a  fulcrum  with  such  energy  that  this  fotit  leaves  the  ground 
before  the  other,  swinging,  foot  has  reached  the  ground,  as 
shewn  in  Fig.  t(M,  ihwiv  lieing  an  interval,  A — e,  d — e  in  tlie 
figure,  during  which  neither  foot  is  on  the  ground,  tbe  pereoii 
is  said  to  be  runniit^,  not  walking. 

In  jumping  this  propulsion  of  the  body  takes  place  on  both 
fciCt  at  the  sanio  time ;  in  bopping  it  is  effected  on  one  foot  only. 

TO 
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REPRODUCTION. 

§  686.  MaMT  of  tlie  iiidividurtl  constituent  ports  of  an 
aninuil  body  are  cApnUfl  of  reproduction.  i.e.  thoj  can  give  rise 
to  imi'tM  like  tbuin»elvcs:  or  iIr-^v  nrc  cnpublv  of  regeneratioDi 
iV.  t)icir  jilacv»  can  be  tHkvii  by  nuw  piirta  mor«  or  Ivmi  closely 
rcBcniblinp  tJicinjielves.  Tlie  elementary  tisunes  nndci-go  dur- 
ing life  a  very  larpe  amount  of  regeneration.  'ITius  tbe  old 
epithelium  scales*  which  fall  away  from  the  surface  of  the  liody 
are  succeeded  bv  new  scnlcs  from  the  underlyiug  layers  of  the 
epidermis;  old  blood-cormiscks  give  uluco  to  new  ones ;  worn- 
out  muscles,  or  tliottu  vrliieh  haw  failed  from  disease,  are  re- 
n«w«d  by  tho  ftCC«ssio»  of  fitstU  fibres;  dividv<l  uerve*  grow 
ngiiiu  ;  broken  Ix>n&t  are  united  ;  connective  li«»uc  scvms  to  dU- 
apjiear  and  apj>ear  almost  wiihout  limit;  new  necrelin^  colls 
take  thu  place  of  ibe  old  ones  which  are  cast  off;  in  fact,  with 
the  exception  of  some  ctsbs.  such  as  cartilage,  and  thase  doubt- 
ful exceptions,  all  those  fundamental  tisanes  of  the  body  which 
do  not  form  part  of  higlily  differentiKtvd  orgaiui  are,  within 
limits  lixcd  more  by  bulk  tlian  by  anything  else,  capable  of 
)x>guncr»tiou.  To  that  receneralion  by  RuUtitution  of  mole* 
cule!*.  which  is  the  basis  of  all  life,  is  added  a  regeneration  by 
substitution  of  mass. 

In  the  higher  animals  regeneration  of  whole  organs  and 
membem,  even  of  those  whose  continued  functional  activity  is 
not  iHUKintial  to  the  well-being  of  tin:  body.  Is  never  witnesMd. 
though  it  may  be  seen  in  th«  lower  animals;  (he  digits  of  a 
newt  may  Iw  n'wlored  by  growth,  l«it  not  those  of  a  man.  And 
tlie  rejmir  which  follows  even  partial  deatniction  of  highly 
differentiated  organs,  such  aa  the  retina,  ix  in  the  higher 
animals  verv  imperfect. 

In  the  Jiigher  animala  the  reproduction  of  the  whole  in- 
dividual can  IN)  effected  in  no  other  way  than  by  the  process  of 
sexual  generation,  through  which  the  female  representative 
element  or  ovum  U,  under  the  intliience  of  the  male  rcpri;scnta- 
tive  or  siiei-niato;:oon.  i1evelo|>ed  into  an  adult  individual. 

We  uo  not  piirjiose  to  enter  here  into  any  of  the  morpholog- 
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ical  problenu  connected  with  the  series  of  changes  throagfa 
which  the  ovum  becomes  the  adult  being ;  or  into  the  ofascnre 
biological  inquiry  as  to  how  the  simple,  all  but  structiueless 
ovum  coutains  within  itself,  in  potentiality,  all  its  fntnre  devel- 
opments, and  as  to  what  is  the  essential  nature  of  the  male 
action.  These  problems  and  questions,  which  are  folly  dis- 
cussed in  other  works,  do  not  properly  enter  into  a  work  on 
philology,  except  under  the  view  that  all  biological  problems 
are,  when  pushed  far  enough,  physioli^cal  problems.  We 
shall  limit  ourselves  to  a  brief  survey  ofthe  more  important 
physiological  phenomena  attendant  on  the  impregnation  of  the 
ovum,  and  on  the  nutrition  and  birth  of  the  embryo,  incident- 
ally calling  attention  to  some  of  the  leading  structural  features 
of  tlie  parts  concerned. 


CHAPTER  I. 
IMPREGNATION. 

SEC.  1.     JIE^■STKUATION. 

§  687.  Fbom  puberty,  which  may  be  eaid  tn  occur  »t  Trom 
13  to  17  yeara  of  age,  to  the  cliaiacterio,  wliich  may  be  said 
U>  arrive  at  from  45  to  oO  yeant  of  age,  the  exact  time  in  each 
case  varying  considerably  and  beine  apparently  detennined  l)y 
various  conditions,  the  human  fcmue  ia  aubjectcd  monthly  to  a 
discharge  from  the  vagina  kuowii  as  the  'menses,'  'catumenla.' 
and  by  mnny  other  terms.  Tiiti  disohargv  Is  the  rvsult  of 
changes  in  the  lining  membrane  of  the  uterus.  A  similar 
change  in  the  uterus  ocount  in  the  lower  animal.^.  l)<;ing  repeated 
at  intervals  differing  in  length  in  different  animals  'nd  i» 
usually  accompanied  by  Hexual  excitement  and  changes  in  tlie 
external  genital  organs ;  the  phenomena  ate  then  spoken  of  by 
Kuch  names  as  'heat,'  "rut,*  &c. 

Tlie  fcimilc  human,  and  other,  is  also  subji'ct  to  another 
recurring  process,  the  MC«p«  of  iin  ovum  from  its  Gr^lian 
follicle  ill  the  ovary,  a  process  spukvn  of  as  "ovulation."  'Hie 
changes  of  tJie  uterus  (luHiig  nienMtnation  liave  the  ajqwftiAnce 
of  being  a  preparation  for  (he  reception  of  a  discharged  ovum 
so  that  the  latter  if  fertilized  may  be  developed  into  an  embryo ; 
and  there  are  many  reasons  for  thinking  that  the  act«  of  ovula- 
tion and  menstruation  are  coincident  with  a  caiisid  connection 
between  the  two.  But  this  cannot  be  n-garde<l  as  definitely 
proved,  and  many  observers  maintain  that  menstruation  may 
and  doiw  occur  without  any  discharge  of  an  ovum,  and  con- 
versely ttiat  an  ovum  may  be  diacharged,  as  in  copulation,  <)uite 
apart  (mm  menatniation. 

The  discharge  of  an  ovum,  whether  at  menstruation,  or  at 
another  time  appears  to  t^ke  place  as  follows.  The  whole 
ovaiy  at  this  time  becomes  congested,  tlic  blood  Teasels  being  so 
dilated  and  Med  with  blood  tliut  we  may  almost  speak  of  the 
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condition  as  one  of  wnsction  ;  nn<I  tlie  ripe  follicle,  whose  oTnur™ 

is  uboul  to  cMcupc,  l»ilgc«  fioni  its  suiface.  Tlwj  most  projttting 
portion  of  ihv  wall  of  the  follicle,  which  has  ]>r«vioii.sly  becouie 
excessively  thin,  U  now  ruritiired.  apparently  liy  the  mere  dis- 
tension of  the  cavity,  and  the  ovum,  now  lying  close  nnder  tlia 
projecting  surface  of  the  follicle,  escapes,  invested  by  some 
of  the  celU  of  the  diHcuD  proligcrus,  into  the  Fallopian  tube. 
Much  discussion  htut  tnkun  pUcc  as  to  how  the  eutrancc  of  the 
ovum  into  the  Fftllopimi  tube  is  secured.  It  i«  probnbti;  that 
under  ordinary  circumatancea  the  ovai'y  is  enihraeed  by  the 
truro  pet-shape  a  fimbriated  mouth  of  the  Fallopian  tube,  and  the 
contact  is  probably  rendered  more  complete  by  the  turgid  and 
congvstcd  condition  of  both  organs;  it  ls  jM)si>i^lc  that  the  plain 
muMOular  Jihrcs  present  in  thu  mouth  of  the  tube  may  assist^| 
and  imleod  gliding  movumentx  of  the  mouth  of  tlie  tube  ore^' 
the  ovary  have  been  observed  in  animals.  It  Ims,  however,  been 
asseited  that  the  turgescence  of  the  tube  does  not  occur  vintil 
after  the  ovum  has  become  safely  lodged  in  the  tnlie.  and  it 
is  argued  that  the  ovum  is  carried  in  the  proper  direction  by  cui^ 
reutM  set  up  by  the  action  of  the  ciliated  c|iillieliuui  lining  the 
tuW',  currents  who«e  direction  and  strength  seem,  as  Abewn  bj 
ex[>eriment,  to  be  adequate  lo  carry  into  the  utems  particles 
present  in  the  peritoneal  fluid;  and  the  groove  tn  the  ciliated 
surface  of  the  ovarian  limbria  es|M)cially  connected  n-ilh  the 
ovary,  suggests  itself  as  the  natural  path  for  the  ovum. 
Arrived  in  the  tubu,  the  ovum  travels  downtrardK  very  slowly^! 
by  the  action  proUihly  of  the  cilia  lining  the  tube,  though  pos^fl 
hiy  its  progress  may  occasionally  be  as-sistud  by  the  pi.-ristaltic 
contractions  of  the  muscuUr  walls.  The  stay  of  Uio  oTum 
in  the  Fallopian  tube  may  extend  to  several  da,ii's;  the  cbannel. 
as  we  have  seen,  is  a  narrow  one,  especially  at  the  entrance  into 
the  uterus.  The  escape  of  the  ovum  is  followed  by  changes  id 
the  follicle  and  rest  of  the  ovaiy.  leading  to  the  fonnation  of  a 
corpus  luleuin. 

Concerning  the  exact  nature  of  the  changes  in  the  uterus 
which  lead  to  the  menstrual  flow  there  ha«  been  and  is  much  <li»- 
cussioD.  The  opportunities  for  an  exact  htstologioal  investjgal  ton 
of  a  human  menstruating  uterus  are  rare :  hnt  from  what  has 
been  observed  under  the  most  favouraWe  cireums lances,  aided 
by  the  results  of  the  study  of  the  monkey  which  is  subject  to  a 
periodic  ctiangc  exi;ecdiugly  like  human  mcnstruntiun,  wo  may 
conclude  that  the  changes  which  occur  are  somewhat  as  follows. 
Id  the  lirst  stage  of  the  period  not  only  does  the  whole  uterus, 
tbe  cervix  excepted,  become  congealed,  the  blood  vexsels 
being  distended,  and  the  mucous  membrane  especially  red.  thick 
.and  swollen,  but  a  new  growth  takes  place  in  tlie  mucous  mem- 
brane at  least  in  its  more  superficial  layers.  Tliis  growth  affects 
not  only  the  epithelial  but  also  tbe  couuecttve  tissue. 
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eUmi'iits,  and  the  blood  vpsscls  lK^como  enlarged,  more  or  liss 
frr^uliir  Mpiicfs  filled  with  blixid  liciiiff  duvi'lupwd  cl'we  under 
thd  surface.  In  ih'nt  way  n  ninditied  siijwrficial  nortion  of  the 
muciinB  nieinliiaiie  Iwcniiiea  ditfeientiated  from  tne  underlying 
portion :  and  from  tluH  moditied  portion,  which  may  be  comparea 
to  the  deci<lua  of  pregnancy  of  which  we  shall  presently  spciik, 
n  certain  iiniount  of  hiemorrhage  into  the  cavity  of  Iho  uterus 
early  takos  place.  But  tlie  blood  tliu^  esenping  <l<x-s  not  fonu 
the  main  iiieiiistrual  flow.  The  growth  of  the  muilirK^it  nmcoiu 
meniliranc  is  ininiediiilwly  foUowml  by  il»  mpid  dej;eneratioii, 
and  the  part  »o  degenerated  i»  cast  off,  layinfj  hare  ihe  deeper, 
leiu-ehanged  layera  of  tlie  mucous  memlmne,  from  the  torn  and 
own  irregular  blood  spaces  of  which  a  more  copious  flow  of 
blood  takes  place.  It  is  this  freer  escape  of  blood  which,  mixed 
with  the  detritus,  or  even  with  conspicuous  pieces  of  the  shcil 
membranu  and  contnining  many  cells  rcsctubling  leucuOYU*^. 
OODStitiite  thu  mciislninl  llow;  as  tlw  hiemorrhagu  diininJAheSt 
these  constituents  other  thau  actual  blood  become  more  promt- 
nent,  and  the  rlischarge  bccomea  less  and  lest  coloured.  The 
degeneration  and  sheading  ut  in  tiim  followed  by  new  growth 
fi'om  the  deeper  paru  of  the  mucous  membiane  left  behind, 
whereby  the  normal  mucous  membrane  is  restored  in  its  entirety. 
The  amount  of  change  which  takes  place  prubikbly  difTci's  in 
diiTcivnt  individuals;  in  some  cases  po«sibLy  the  amount  of 
pix)lifer.it4on  and  subsequotit  degeneruiioii  is  veUlively  slight, 
the  hseiuorrhage  being  more  comjxirable  to  that  from  any  eon> 
geated  mucous  membrane,  such  as  ua.sal  ha>morrh^e:  in  other 
oases  again,  according  to  some  observers,  ttie  whole  thickness 
of  the  mucous  niombrane  may  be  removed,  the  muscular  coat 
beneath  being  laid  bare.  The  blood  as  it  passes  throiigli  the 
vagina  iMcoino!!  somewhat  altered,  proluibly  by  the  inlluencu 
of  the  other  constituenlo  of  the  discliarge,  and  when  scanty 
coagulates  but  slightly;  when  tlie  flow  however  is  considerable, 
diaUnct  clots  may  make  their  appearance. 
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^  6S8.  Tli^  tail  ot  a  sjicnnntoxoon  niny  be  regaHed  «s  ii 
siugie  cilium,  tli«  movemotiU  ol  which  ara  of  an  uiiduUton' 
clianivtvr.  the  wavM  tm-elling  from  the  inidfUe  piece  lo  the  eaS 
of  tilt!  uil ;  ami  the  !4t»leint-nU  previously  made  (§  86)  coocets- 
ing  riliaiy  action  may  1«  applied  gcnenilly  to  the  morementof  a 
Bpermatiuoon.  The  motion  is  aptxirt-iUly  not  a  vciy  rspad  ooe, 
for  it  has  been  calculated  that  a  half  viVwation  takes  at  leaflt| 
quarter  of  a  second.  It  ha«  ahso  been  cali:tilaie<l  iliat  a  sp«^| 
bnoon  progreaaca  at  the  rate  of  about  2  or  3  mm.  a  minute.  ^^ 
r  When  discharj^d  •emen  is  left  to  itself  the  raoretDeitti 
eontinne  for  !«ome  (24  or  48)  hoore,  but  they  appear  to  bit 
much  longer  in  the  female  [lossages.  Spermatozoa  hare  been 
observed  in  movement  when  removed  from  the  neck  of  tbe 
living  human  uterus  5  or  even  7  ibiys  after  iv^ttits;  and  in  soon 
of  the  lowi-r  animals  the  duration  of  vitality  may  be  enormously 
Jong.  Making;  all  uUowmnco  for  any  po«4i)>le  direct  nuuitioa 
of  the  living;  8u)»t.-inc«  of  the  sjierinatOKOon  by  meaiu  of  the 
fluid  of  the  Hemeu,  we  mitst  conclude  that  tbe  energy  of  tbe 
movement  in  dciived  from  llie  expenditure  of  what  we  vmj 
venture  to  call  tbe  roiitnu--tite  material  stored  up  in  the  mi'ldle 
piece  and  tail  of  the  organism  at  its  formation :  the  material  ol 
the  hisad  wc  may  suppoee  to  be  devoted  entirely  to  the  work  o( 
impregnation.  So  small  a  store  must  be  soon  esbaosted :  heaai 
it  i»  diflicnit  to  sup[X)3«  that  vigorous  movements  can  bt 
continued  for  very  long  pcn<><U:  and  prohaUy  the  activitjr  ol 
the  BpermatoEoa  is  largely  di-jKriKltint  on  the  circumstances  bj' 
which  it  is  surrounded;  it  may  remain  moiinnteaa  in  (hm 
medium,  and  bucome  active  when  the  medium  is  changed. 
The  spermafnoon  is  prolnbty  quiescent  so  long  as  it  remains  in 
the  Reminal  tubes,  but  vre  have  no  exact  infoncation  «s  tn 
whether  or  no  movements  begin  in  the  epididymis  and  vm 
deferens  without  ex|w^iire  to  air;  and  it  is  jioisiiblc  that  aftri 
coitus  the  beginning  and  maintenance  of  iig  vigorous  moitr 
mcnts  may  largely  depend  on  the  condition  of  tin?  Mjcretii-n*  in 
the  vagina  anu  utvrtia.     In  this  connection  it  may  b 
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the  movemciils  of  a  spenniitoroori,  like  ciliary  movemeDts,  are 
fuvntiivit  hy  lliiids  liavJRg  a  wt-ak  alkaliiid  i-eoirtinti,  wht-reaa 
almost  any  dej^reo  of  acidity  (unUss  m«d  In  neutralize  exoea- 
sivii  alknliiiity)  arrests  them;  and  ciie  miicoua  secretion  of  the 
utentH  while  it  is  alkaline  at  the  neck  of  tlie  uterus  becomes 
acid  us  it  passes  down  the  vngina.  Ili-nce  it  might  bo  inferred 
that  those  Hp{irmiitti£on  only  which  lujiiiily  lin<l  their  way  into 
tlio  OS  ut«ri  niiiiiife:*t  vigoroufl  movements;  but  it  would  be  dan- 
gerotL'4  to  lay  too  great  Htr«ss  on  this. 

JE  669.  The  semen  conta.in»  a  relatively  lai^  qiiantitv  of 
BoH^  mattt^r.  and  thtH  in  turn  b  to  a  great  extent  furnishea  by 
the  sp(!i-niatozoa ;  indeed  the  B]»emjatozoa  form  so  large  a  por- 
tion of  the  semen  that  the  chemical  substancea  present  iti  the 
former  arc  doidinant  in  the  hitter.  The  head  of  a  si>crninto2ooii 
api>eaix  to  bo  lai^ely  eonipo»<;iI  of  the  iMtiiy  or  gmup  of  bodies 
known  118  nuclein  or  iiucleo-albumin,  a  rennlt  wliieli  supplies 
chemical  evidence  of  the  nuclear  nature  of  the  spermatozoan 
head ;  and  nuclein  forma  a  considerable  portion  of  the  solid 
matter  of  the  whole  semea.  Lecithin  is  also  present  in  the 
semen  in  considerable  qtiantity ;  otherwise  the  ehemiciil  features 
of  the  sccrotitiii,  which  aiv  as  yet  inijierructly  known,  present  no 
K|>ecial  intt^nrst.  The  crystals  funm]  in  dry  semcii  arc  not  as  was 
once  ihoufjhl  of  a  pi-oleid  nature  but  are  compound  pboKptuite* 
containing  an  organic  base.  As  discharged  in  coitus  the  ^euifU 
proper  from  tlie  testicle  U  mixed  Mith  tlie  prostatic  and  other 
eecretions. 

From  the  testiole  itself  various  forma  of  proteid  of  the 
globulin  class  have  boon  extracted;  and  glycogen  is  not  unfrc- 
qucntly  present. 

The  cJivity  of  the  vrntttla  trmtttalit  serves  as  a  temporurj- 
rcceptacle  for  the  »enien.  though  ^nnie  secretion,  and  in  some 
animals  a  decided  quantity,  takca  place  from  its  interior.  In 
certain  animals  the  seeretion  ciotK,  and  then  appears  to  contain 
a  substance  identical  with  or  allied  to  fibriuogen:  in  these  am- 
nals  the  clot  which  is  thus  formed  bv  the  mixtniv  of  the  male 
secretion  with  the  bloorlv  secretion  of  tlie  rutting  fcntuie  helps 
to  Si-cure  the  retention  of  the  former  within  the  female  passages. 
'Vhe  secretion  of  tlw  prottaU  prcnenta  no  special  features,  except 
that  it  is  apt  to  contain  ]>ecnliar  concentric  corpuscles;  but  the 
fact  that  the  prostate  remains  undeveloped  in  castrated  animals 
BUggesta  that  the  secrelion  playa  some  part  ju  coitos.  The 
glands  of  Cowper  afford  a  Ihick  mucous  secretion. 

§  690.  Sreetile  Ti»»ue.  The  erectile  tissue  of  the  cor^iom 
cartrniosa  and  cor])Us  S[>ongi<isum  consists  of  an  im-gidar  laby- 
rinth formed  by  tralHicuIai  com{K)sed  of  connective  tissue  with 
abundant  elastic  elementa  mixed  up  with  a  large  but  variable 
amount  of  plain  muscular  tissue.  The  spaces  of  the  tmbeculie 
are  lined  by  spindle-shaped  epitheloid  pUites,  resting  iu  some 
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cases  on  a  layer  of  pinin  muiiciilur  flbrfc*,  ftixl  fttv  %'vnous  sinn: 
into  which  Wood  finds  ils  wiiv  chiefly  lhroiif,'h  tlic  Utih 
CftpillAricH  of  tht;  iiuiiii.*ri)iiH  arteries  lying  in  the  iralxxuhv  bat 
al«o  in  some  ai.-*vA  hy  minute  arteries  opening  directly  iiihi  the 
spaces ;  fmm  tlie  sinus  the  blood  tindi>  its  way  ont  into  smaller 
iiiguliir  vwins.  In  the  coiTpom  cavctuohu,  and  to  a  leas  extent  in 
the  corpus  spongiosum,  tliv  amnll  urteries  in  the  trabeculee  are 
extremely  twisted  up  and  luupL-il,  hnlgittg  into  t)H;  venous  sinuses 
as  arterial  toils,  tlic  socailed  'h^licine  art«nes.'  When  the 
arterien  supplyiiif;  lhv«e  maa»es  of  ei-ectile  tUsue.  namely,  tli* 
bnincbvs  of  the  jiiiilic  arteries  and  dornal  artery  of  tliepenit^  are 
constricted,  and  when  the  plain  muscular  fibres  of  the  tnibeculc 
are  in  a  state  of  contraction,  wheifhy  the  venous  spaces  are 
largely  closeil,  tlie  greater  part  of  the  blood  Uowing  through 
the  arteries  Hnds  its  way  by  ordinary  ciipilUrivs  into  the  uffi-reiit 
veins,  littJe  blood  piuwos  into  the  vvnouM  sinuses,  .ind  thu  whole 
tissue  ia  relatively  small  in  bulk.  When  on  thu  other  Imnd  the 
arteries  are  dilated  and  in  addition  the  muscular  bundles  of  the 
tnihuculiu  arc  relaxed,  a  large  quantitv  of  blood  juu^es  into 
the  venous  sinuites,  these  become  greatly  distended  with  hlood; 
the  whole  mass  of  erectile  tissue  becomes  turgid,  and  in  proper 
tion  to  the  resisting  nature  of  the  ouli-r  envelope,  as  is  especiaUy 
seen  in  the  corjmia  uavcrnosii,  Imrd  and  rigid. 

§  691.  In  the  dog  and  ivit,  lihrtis  fnuii  the  anterior  roots  of 
the  second  and  first,  or  sunieiimes  from  the  third,  sucml  ncr 
form  the  nervi  erij/enteg,  which  passing  to  the  pelvic  plexus 
distribiiteil  to  the  penis  and  to  other  organs;  in  the  mon 
tlie  fihre»  are  supplied  by  the  seventh  lumbar  and  first  sacrsl, 
sometimes  also  by  the  second  sacr-il  nerves.  Tbey  receive  this 
name  because  stimulatiou  of  them  leads  to  erection  of  the 
]>enis :  and  tliis  results  fi-mm  ii  vaso-dilator  action  on  the  arteries 
supplying  thu  erectile  tissue.  Erection  of  the  penis  is  hence  to 
a  liirge  extent  a  vaso-dilator  effect.  But  not  wholly  so;  the 
entrance  of  the  blond  from  the  dilated  arteries  into  tlie  ^'enous 
sinuses  is  facilitated  by  the  relaxation  of  the  muscular  bundles 
in  the  tralwculie,  whose  contraction  would  olTer  an  obstacle  to 
the  spaces  iHicoming  tilled.  Further  the  filling  of  the  venous 
sinuses  tends  u(  Itself  to  eompre^s  the  large  longitudinal  \'eins 
running  in  the  centre  of  the  corpora  cavernosa  nnd  thtts  to 
increase  the  distension  already  begun  ;  moreover  contractions  of 
the  i!triated  muscles,  the  trantvirrtHM  prrinan,  and  the  buH*- 
eavemofug.  between  the  bundles  of  which  the  veins  paiw,  also 
tend  to  eheclt  the  outflow  and  so  to  increase  the  erection.  In 
the  dog  even  powerful  stimulation  of  the  nervi  erigentes  will 
not  produce  complete  civrtion ;  the  factors  just  mentioned  are 
iibseiil,  aiut  the  blood,  though  it  more  or  less  fills  the  Ten< 
sinuses.  Hows  freely  a^v]ly  by  the  veins. 
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impuUea  leading;  to  the  satMidiary  acts  in  ei'ection  ntft^  be  set 
jroing  aa  pnrt  ot  a  reflex  actiuii.  bv  stiuiulatioii  o(  the  ghiim  penU. 
Of  Huch  a  reflex  act  the  cvntru  Iius  in  the  lumbar  Hpiiial  cord 
and  erection,  with  umi^Mioii  of  »i;iik-ii,  Uax  hwn  witnessed  in  a 
dog  uflvr  ilivisiun  cif  the  spinal  cord  in  the  thoracic  rugion.  But 
crvctiun  also  laktis  place  as  the  reetult  of  emotions,  in  whicli 
case  we  may  suppose  tJiat  inipulsea  descending  front  the  brain 
affect  the  himbar  centre  in  a  direc't  manner:  and  indeed  erection 
haa  been  ex  i^eri  mentally  brought  itbuut  by  stimulation  of  certain 
parts  of  tlio  bniin. 

The  antagonistic  act.  namely,  constriction  of  the  blood  vea- 
sels  and  rctiuvtiun  of  the  penis  may,  in  the  cut>  ho  brought 
about  by  etiuiuhttion  of  fibres  coming  from  the  upper  lumbar 
(and  possibly  the  lower  thora«ic)  region,  and  reaching  tlieir 
destinatiiin  by  way  of  the  sympathetic. 

§  692.  The  emission  of  semen,  for  which  act  erection  is 
preiiaialory.  is  carried  out  by  a  succession  of  agencies.  The 
epi<)idymts  with  its  coni  vaseulosi  may  be  regarded  as  a  reser- 
voir filled  by  the  secretory  aolivity  of  th«  Hcminnl  tubes;  hence 
itit  relativL'ly  enormoux  length.  It  i»  po«8ible  that  the  act  may 
bugin  with  an  increase  of  secretory  activity-  on  the  pan  of  the 
seminal  tiiltes,  l>eariDg  nerha));!  eH|iccinlly  on  the  fluid  parts  of 
.the  semen,  by  which  tlie  epididymis  becomes  overfilled;  we 
have  no  positive  evidence  of  this.  Nor  liave  we  evidence  of  any 
pressure,  either  intrinsic  by  nicuns  uf  ihu  plain  muscular  Qbrea 
which  are  said  to  occur  scantily  in  tliu  septa  of  the  t^-stis,  or 
extrinsic  through  the  crematter  or  otlier  mu.scle«,  being  brought 
to  Ix'ar  on  the  contents  of  tJie  aeminal  tulies.  Henoe  we  may 
conclude  provisionallv  that  the  act  begins  with  a  pmpulaion  of 
the  contents  of  the  distended  epididymis  by  means  of  jierislaltic 
contrneliona  of  the  muscular  wiilU  of  that  tube.  In  any  case 
the  flow  of  fluid  having  ri-jiclied  the  vas  deferens,  is  carried 
along  thnt  tuljc  by  thv  iierixtaltic  contractions  of  its  much 
stouter  and  niuuh  ninro  utwcular  walls.  In  tlie  monkey  slJina* 
lation  of  the  anterior  mots  of  the  .second  and  third  lumbar 
n«rv('.d  leail.t  to  a  powerful  contraction  of  the  vas  deferens, 
sweeping  down  it  in  a  single  wave. 

One  effect,  possibly  a  chief  effect,  of  the  flow  along  the  vas 
defei^ns  is  to  flU  and  dist«nd  thu  v<»ieulaT  svuiinalcs;  or  we 
may  suppose  that  iiruparalory  feeble  contractions  of  the  vpididy* 
□lis  fill  and  distend  both  tlie  vas  deferens  and  the  vosiculse 
sominalcs,  and  that  tlie  act  really  begins  with  a  more  powerful  con- 
traction of  both  these  dUtended  organs  by  which  their  contents 
are  rapidly  ejected  into  the  pi-ostatic  urethra:  at  the  same  time 
contractions  of  the  muscular  flbrvs  of  tl>e  proctatu  discharge 
the  secretion  of  tliat  gland  into  the  uretiiral  canal.  So  far 
plain  moscular  fibres  only  are  brought  iuto  play;  but  tlie  act 
u  completed  by  the  aid  of  striated  muscles,  namely,  by  forcible 
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contmctions  of  the  levmtor  sni.  ol  the  eoostrictor  nrethnt 
iiicluiling  tile  extenuil  aphiiictvr  of  H«nle.  of  Um  ischio>«aTenu>at 
niii^i'lti.  which  sUnini;  from  the  Uchiura  on  eacfa  nde  embnoM 
Ute  root  of  the  (M-iiis  ainl  of  the  butbo-caTemosiu  mnade  (or 

ruhitor  uriiiiv)  which  Htarting  from  the  perburam  enlmees 
begiiiitiiig  nf  the  urethm  and  coffuw  spoogiosuk  A 
contnction  liegiiift  m  the  external  Sfihtnctrr  xai.  exUnufa  to  ths 
Iviittor  ani  *ni  then  posses  to  the  other  tniucloA,  piugiuaoing 
in  a  vrave-likc  manner  from  behinil  forv»rd»,  and  »  rvpoled  ia 
a  more  or  k-&^  distincll^-  ihjthiuic  manner  until  all  ta«  •encs 
ia  ejected  from  thtr  urethra. 

Thv»(;  i.-x]iuUive  coatnwfioiM;,  ei^wcttlh'  tfae  list  nifrf. 
appear  like  erecruon  to  be  oairied  out  br  tbe  bdp  of  a  ccBtie 
in  the  lumbar  region  of  the  cnid,  and  (or  tbem  affcfrnt  impabes 
g«)«mt«d  ill  the  sensitive  sarfaec  of  the  giant  pcat»  ar«  nan 
essential  th»n  for  simple  erection.  In  tbe  &g  stimalatioQ  of  tba 
internal  podic  nerve  throws  tbe  whole  gnmp  of  atnated  mneeki 
just  named  into  »u«oesai«e  coetnotioDS  as  described,  bat  M^ 
musi-W  may  be  made  to  cootnct  fiepstatety  by  stifluilatiae  tt  dt 
own  indiridital  branch. 

Tbe  semen  being  r«ceivnl  into  tbe  T^na,  tke  waQi  et 
which,  and  espeaaUj  tbe  extetaal  apfewbipea  of  wittch.  ue  M 
tbe  time  in  a  state  of  tuvBKesM  tn^ablii^  tbe  enekina  of  Ae 
penis,  but  less  naifced,  liei«  pteiboblr,  at  tbe  for  etid  oC  iJm 
-ragina  in  a  pool  into  wbidi  tbe  «  vteri  dips;  and  it  k  j 
that  contraetionsol  tbe  leoad  KgswwitH  (wMdi  i 
mmcnlar  fibres)  bjr  tilttag  tbe  oerrix 
ing  the  os  uteri  into  tbe  aeawn.  In  tin  annner  the 
xoa  find  their  way  into  tbe  nterru  and  «e  hito  tbe 
laW.  where  (jwobablj  in  it«  njiper  pait)  tbe;f  eoaae  in 
with  tbe  oTum.  Id  tbe  nfabtt  *per»atoKO>  nej  iteeh  the  < 
within  two  bouts  after  eoitaa.  In  the  oMe  of  s 
mfngmtiim  anj-  take  pbee  at  the  ov^  aaelt  The  . 
at  the  ipeiwartmw  is  bosI  profaaUy  emeted  nainhr  hf 
own  Tibcatile  aetiTi^ ;  Int  in  eoaK  aaiBala  n  utiugiaAi 
pcmtaliic  Movenent  timntttng  &«■  the  otcraa  alm^  the 
Fallacan  tabes  fans  be«n  ofaMcwd;  tfc»  magbt  Mni  tn 
i^  the  sewen  Id  the  otnm.  ht  tneeinch  e 
an  prabUikjr  sans  of  the  act  ef  aaims  and 
b»  dafated  tm  aoae  tiaw  afbv  thnt  ercnt,  no  cteat 
befandi^oa 


CHAPTER   ir. 

PREGNANCV  AND  BIRTH. 

SBC.  L    THE  I'LACENTA. 


§  693.  Thr  apcrmKtozim  trnvelliitg  up  llio  female  passnges 
comu  in  oonlACl,  with  Uiu  ovum.  Mitkiiig  ibvir  vrny  tltiough  the 
celU  of  the  discus,  which  by  this  tiino  nn^  umlvrguiii};  (K-^fcnem- 
tive  oh»ng«s,  and  [uerciiig  the  xona  pelluciila,  ihey  viKvr  the 
Titolltts;  it  is  HiaUtd  that  as  a  rule  one  spormatozooii  only 
utually  ruiches  the  vitelius.  Hero  the  tail,  which  by  its  vibi-atile 
activity  lius  thus  brought  the  sperniatozoon  to  its  destination. 
OAasvx  to  move  nud  soon  disnpp«ui»:  but  tlio  hciid  (which  U  a 
prepaa-d  und,  so  to  speak,  puriticd  nucleus,  a  male  proiiuclcus) 
unitv-i  will)  the  pronuoleus  of  tliejO%'Uiu  to  form  tlio  nucleus  of 
the  now  impregnated  ovuin. 

As  (lie  result  of  this  action  of  the  sperai'itozoon  on  the 
OTum,  the  latter,  instead  of  dying  as  when  impregnation  fails, 
awakes  to  new  nutritive  activity*.  It  undergoes  segmentation, 
the  one  cell  lieconien  by  cell-division  n  miiss  of  cells,  whtcb, 
posaing  through  a  sunett  of  reumrkiiblc  niorj>liologiciil  changeSt 
into  the  deUiU  of  wliich  we  cannot  enter  herv,  ucvclo])es  into 
Ml  embryo. 

§  694.  No  sooner,  howeTor,  have  these  changes  Itegun  in 
the  ovura  tlian  correlative  changes,  brought  about  proUibly  by 
reflex  action,  but  at  present  moHt  obscure  in  their  causation, 
take  place  in  the  uterus.  The  mucoiui  mcmbiTine  of  this  organ, 
whether  the  coitus,  which  wiu  the  t-ause  of  the  i [Uprcgnatton. 
tiiuk  pWre  at  a  menstmitl  period  or  at  ^'onie  time  in  the  interval, 
undcigoes  changes  which  though  more  inleute  are  at  first 
not  unlike  those  of  menstniation ;  it  tjecomes  congested,  and 
a  rapid  growth  takes  place,  ehsracterized  by  a  proliferation  of 
the  epithelial  and  other  tissues.  Unlike  what  takes  place  in 
menstruution,  however,  this  new  growth  does  not  give  way  tu 
hwiuorrUagu  and  imiuudiatu  decay  ;  it  leuiaius,  and  iu.iv  be  dts- 
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tinf^iisbcd  a»  a  new  tempony  lining  to  tbe  nt«nB,tihe 
catlnl  ilecidtut.  Inu>  tbU  de<:idaa  the  oTotn.  on  its  descent  ' 
tli«  KallnplaQ  tube,  ia  vbich  it  hu  almdj 
dc%'elopmeiiul  changes,  is  nonvcd;  and  la  tliia 
embedaed.  thv  n«w  growth  cloni^  in  over  iL  Memmrhile  tla 
rest  of  the  uterine  stiucture*,  e»{ieenUr  ibe  mmetilar  tiawit. 
become  aUo  niuuli  enUtgt^;  »  pcegnancy  sdniKe*  a  !■>;< 
Dumber  of  new  moscular  fibres  ate  formed. 

As  the  .ovum,  now  dexdoputg  into  the  eabcjro  and  in 
amiendages.  cootinnes  to  increase  in  size,  it  balKS  into  d«  tsn^ 
of  the  utenis.  earning  with  it  the  portson  of  the  deddoB  lAiA 
has  closctl  over  it.  Uenrefonraid,  acconlingtr. 
is  uuulv  iu  the  now  npidly  develofMM  dcddua  bet« 
dedJua  rt/lna,  or  that  part  of  ibe  BttMcane  whtdi  eoreis  thi 

Erojeoting  ovum,  and  tbe  dtadm/t  (trra,  or  tbe  rest  of  tbe  Me^ 
rane  Using  the  cavity  of  the  ateiiis,  the  two  beii^  eotitiBWMt 
round  the  baiie  of  tbe  pn)}eettBg  onuR.  That  pan  at  the 
decidua  which  intervenes  between  the  OTom  and  tbe  aonest 
uterine  wall  is  spt^ea  d  as  tbe  itndwm  arrfAoM.  As  ifis 
embryo  with  ito  appendages  eoatJBoee  to  ealat^v^  e»rrtimg 
with  it  th«  decidaa  refiexa,  Ibe  Utter  betOM  pttHmd  a^osaa 
the  decidaa  Teta.  gradoalir  ohlJieTating  tbe  eavitr  of  the  nterait 
except  at  the  eenrix ;  aboot  the  end  of  the  third  mocth,  in  ifae 
hnnun  subject,  the  two  cone  into  comptete  conlact  all  oT«c,ead 
oltimatelr  the  di^tiaetkin  between  them  is  losk. 

Tbe  ifecidua  rpfiexa.  and  tbe  dectdon  Tem  in  |_ 
fmnous  changes,  but  tbeee  an  of  svfaordiaate  iateiert 


with  thoM]  which  take  jdaee  in  that  part  of  the  decidim 
deciaoa  m 


which  is  called  the  decidaa  «eioU&s.  aad  wUdi  bad  to  •  i 
VBioa  between  nartennl  timoea  and  tasaes  bdeapag  to 
mwing  emhrjo,  a   ouon  which  gixes  rise  to  tte 
Known  as  the  flmttmtm  «r  >after-Uith.' 

§  fSfc  Dnrii^  ibo  denlepaoit  of  the  ovwm  while  wamt 
of  tbe  eeUa.  ariaiBg  br  ccffl-dmsioc  &oa  the  |ciinoeiiial  cdL 
heoone  the  embrro  proper,  others  iarm  tbe  apfwadwc*  of  tfae 
eabiyo:  lo  the  Wter  brioogs  the  doable  b^ 
the  enilKTo,  and  which  ooawtsof  an  inner  bs^,  the  frwei 
and  aa  eater  bn^,  the/tCw  mmum.  Tbe  htlH-  over  the 
ef  its  ssrEace  is  in  eomaet  with  the  decidM,  and  deveiofK*  a 
numher  of  tnaebed  tOK,  eeansln^.  Uhe  the  test  of  the 
brane,  of  aa  epitheUnm  (epMart)  njstiry  on  a  det»»c 
Uartie)  bems;  these  TtUi  u«  embedded  in  or  sfiplied'j 
deeidnal  rarfsee-  The  taJse  amnjen.  bawMg  wlli,  oftea ' 
die  dUrwa,  is  at  firM  dcnid  of  faked  msseb;  boS  • 
tieiilttiB  of  the  hinder  pan  e<  the  dewfapiae  eHweaito- « 
ef  the  emtfyok  caQed  the  ^MmttmB,  gnws  OM  n^daqr  mte 
tbe  Sfaee  foDBtaininff  Said)  betwtwa  the  fake  aad  the 
aBiwiDw.andeoooaj^feeiteM  to  the  fanner.    Asttfnnn.t 
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lu-tMWSr  cODtinaatiaas  of  tho  {irimitire  norta,  the  allauuiic 
arceri«s,  sufaseqaently  called  utiiliiliciil  art«i-iei,  tiiak«  tlieir 
aii]iearance.  These  cany  the  blood  of  the  embrj-o  to  the  villi 
ot  the  clioriou :  from  thence  it  ia  returned  at  liiBt  to  two  veins, 
but  ultimately  to  a  single  vein  running  in  company  uitb  the 
umbilical  artiiricM,  au<l  culled  the  umbilical  vuiii. 

At  fir»l  all  the  villi  over  thi>  whole  »urfuce  of  the  chorion 
except  at  two  opposit*  j»ol«»  are  thus  supplied  with  Mood, 
but  ultimately  the  supply  in  restricted  to  that  jiait  of  tlie 
cliorion  which  is  applied  to  the  decidua  aerolina.  flere  the 
TiUi  become  developed  into  larae  and  conspicuous  vascular 
tufb),  whert-as  over  tlie  re«t  of  the  chorion  they  soon  atrophy; 
and  here  the  pluouutu  is  formed  through  a  number  of  complex 
chnnges,  the  (k-UiiU  of  which  have  been  and  still  are  the  subject 
of  much  dietcussioii,  chatigc»  by  which  the  whole  region,  stretch- 
ing from  the  basal  portion  of  the  uterine  glands,  or  even  fium 
the  uterine  muscular  coat,  to  the  connective  tLtsue  which  carries 
the  capillary  loops  in  which  the  umbilical  arteries  end.  is  so 
alterea  that  it  becomes  difScult  to  eay  which  are  maternal, 
which  arc  embryonic  elements,  which  structures  are  of  glandu- 
lar and  true  epithelial  origin,  which  of  oonuectiTe  tissue  or 
•pilhelioid  origin. 

There  is  evidence  that  in  the  formation  of  the  placenta, 
tlie  bypertrophied  glandular  mucous  membrane,  having  done 
its  work  in  nourishing  by  secretory  activity  the  embryo  at  an 
early  sti^,  ia,  at  least  in  its  more  s'uiterficial  portions,  absorbed, 
eat«n  as  it  were,  by  the  advancing  chorionic  vascular  tufts.  This 
is  introductory  to  the  special  vascular  arrangements  of  tho 
phicuntii,  the  uterine  glands  making  way  for  tho  sjslem  of  blood 
sinuses;  but  even  in  the  full-grown  plucenta  we  may  recognize 
that  the  inten-lmnge  between  mother  and  fo-tus  is  elTccteu  not 
in  a  wholly  niecliaiiical  manner  by  the  mere  bringing  into 
close  juxtaposition  the  matenial  and  festal  blood,  but  also  by  an 
activity  which  we  may  venture  to  call  secretory  on  the  one 
hand  of  tlie  epitltelitun  covering  the  villi,  and  on  the  other 
hand  of  the  decidual  cells,  whatever  may  be  tho  exact  origin 
and  nature  of  each  of  tliuee  IdDds  of  cell. 

As  the  nutrition  of  the  embryo  bcvomeis  more  and  more 
concentrated  in  the  altered  decidua  serntina  or  plac«nta,  the 
decidua  vera  and  reilexa,  having  played  their  paot,  are  dcme 
away  with.  They  are  not,  however,  shed  abruptly  as  in  men- 
struation; they  are  returned  piecemeal  by  absorption  into  the 
maternal  sj-stcm;  they  atrophy  until  the  whole  rcflcxa  an<I  the 
soperficial  {)«rt  of  tlio  %'era  is  reduced  to  a  mere  n)finlintn<- 
adherent  lo  the  expanded  chorion,  while  the  l«*al  portion  of 
the  vera  remains  to  grow  up  after  tbe  birth  of  the  foetus  into 
a  normal  mucous  memlvane. 

The  serodna  having  become  the  maternal  portion  of  the 
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§  696.  In  a  hen's  em  a  very  small  part  oqIt  of  the  vhole 
egg.  DctDiolj,  a  miiiute  coucction  of  ccWb  called  tee  Uastodemt, 
is  actually  dcveloperl  into  tlic  ohick  and  its  appendages :  by  far 
the  proater  part  of  the  ma**  inchided  tvitliiii  the  fgg-«hi'll, 
namely  tlie  'yolk"  and  the  'white,'  i.-*  mere  ituUitive  umt^-riiil. 
Through  the  porouH  egg-shell  the  oxygen  of  tlie  air  has  adetftiate 
access  to  the  contents  irithin,  and  through  tlie  same  egg-slicU 
carbonic  acid  can  eacapo.  The  yolk  and  ma  white  supply  all  the 
food  needed  by  the  developing  chick  until  it  is  hatched,  and 
either  directly  or  indirecllv  by  uieanit  of  the  allantoic  vessels  the 
tissue]!  of  the  enibrvo  anil  its  appendages  breathe  tlirough  the 
«hcll. 

In  the  mammal  the  supply  of  yolk  in  insignificant;  almost 
from  the  first  the  developing  ovum  receives  nutritive  materiiil 
from  the  mother.  Wiihm  the  ovary  the  ovum  is  fed  by  the 
cells  of  the  Graafian  follicle ;  and  a  similar  mode  of  feeding  is 
continued  for  some  Uttlo  time  in  the  uterus.  The  rcpmted  cell 
division  of  thv  ovum  produces  a  comi>acl  nuws  of  cells,  the 
'mnlborry  motet,'  and  thin  in  turn  is  converted  into  the  *blu«to- 
dermic  vesicle,'  which  consists  of  a  celhdar  membiane  investing 
llni<]  contents ;  during  this  conversion  a  considerable  increase  in 
the  total  bulk  of  the  ovum  takes  place,  water  and  nutritive 
material  passing  into  the  ovum  from  the  mother,  probably  from 
the  cells  lining  the  Fallopian  tube.  Received  within  the  uterus 
and  covered  up  by  the  deciduit,  Uie  dvvelopiiig  embryo  is  sup- 
pliwl  wilh  fowl  and  oxygt*n  by  tlie  cells  of  the  iiterini;  mucous 
membrane  witli  which  it  lies  in  contaet,  very  mneh  in  the  same 
way  that  the  growing  ovum  was  supjilied  by  the  celU  of  the 
Graafian  follicle ;  and  the  same  uterine  cells  carrv  away  the 
eeann-  waste  matters  of  the  embryo's  nutritai'e  activity. 

The  amount  of  food  which  the  embryo  needs  and  receives  ia 
at  first  small  but  continually  and  mpidly  inci«ase« ;  the  amount 
of  oxygen  which  the  embi^o  aeetia  in  at  tlrst  in.-iiignilicant.  but 
the  need  of  oxygen  also  increasefl  continually  and  rapidly,  though 
especially  during  the  early  stages  it  is  limited  by  the  fact  that 
the  processes  going  on  in  the   embrj'onic  tissues  are  largely 
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s\-nthctic,  ilirectci'l  to  the  building  up  of  ibe  tissnes,  sad  sod 
proceiHKi*  corufuiite  veiy  little  oxygen  compared  witli  the  pro- 
cMMft  leading  to  expenditare  of  energy  in  raoTcmeot  aod  biwL 
H«nce  the  nimple  method  of  nutrition  &nd  re«pintioD  bf  nwstt 
of  the  direct  contact  of  the  cell*  of  tbe  uterine  mticow  imhd- 
bnuie  is  exchan^d  for  tho  spedal  TBscular  meobanisiD  of  the 
placenta,  W  which  tlie  iim\ayo  Uvm  apoa  and  breathea  thrau^ 
the  uterine  litood  of  the  mother.  From  aa  early  period  tip 
to  tnrth  the  placental  circulation  is  the  cbieC  we  may  almoM 
say  thie  only  means  by  which  the  embryo  brvatfaci  and  is  fed : 
but  tlie  details  of  the  [dacental  erento  are  changiug  daring  tbt 
whole  of  this  time.  The  cmbtyo.  all  the  while  inotvMng  in 
bulk,  pojtum  through  phase  after  plia«e;  tbe  straetural  feaMR* 
of  one  day  give  way  to  thwe  of  the  nexu  its  morpbologietl 
biiitory  being  aa  it  were  a  series  of  dissolving  news;  and  eaeb 
new  atructtual  phase  entaila  new  ftmctional  ereata  both  a 
the  embryo  itself  and  in  the  placenta.  This  is  peihapa  espeeiaUy 
seen  in  the  eariier  stages  at  a  time  when  Uie  placental  ctreola- 
tion  boa  been  estobUahed  in  ibs  main  outlines,  but  in  the  aBbtyo 
most  of  the  future  organs  are  still  in  a  altadowy  inchoate  coon- 
tion.  At  tliLt  epoch,  of  the  total  bulk  of  Uood  oooniiH 
from  tlie  embryo  towards  the  tissues  of  the  mother  and  ban 
again,  the  greater  part  is  at  any  one  moment  to  he  found  in  tbe 
phuienta  and  only  a  small  part  in  the  tiasoea  of  the  embi^-o  itself; 
uiter  on  the  l>loo<l  is  equally  dirided  between  the  placenta  and 
the  embiyo ;  and  still  later  the  embzyo  has  the  larger  share,  and 
it  is  the  smaller  put  which  is  at  any  one  moment  flowing 
through  the  chorionic  villi  of  the  placenta.  Thi-ru  can  be  oo 
doubt  that  in  the  earlier  phase  the  iafloeDcca  vliieh  the  placental 
structures  exert  on  the  total  blood  are  in  many  wmys  diffennt 
from  those  which  are  exerted  later  on.  We  find  that  during  tbe 
earlier  phases  the  cellular  placental  elemenu  are  correspondii^r 
prominent,  indicating  that  much  labour  of  the  kind  for  which  celb 
are  neccssar}' is  being  then  carried  on,  whereas  in  the  laterstwea 
the  placental  meclianism  approaches  though  it  uevcr  qinte 
reaches  the  nior<:^  mechanical  cmiditions  of  a  simple  memfarmne 
separating  the  f'E^tal  and  matemai  blood.  We  cannotenter  at  all 
fully  here  into  the  successive  phases;  we  must  confine  ourselves 
chiefly  to  the  main  features  of  what  is  going  on  during  the  latter 
months  of  gestation  when  the  placental  circulatioo  is  in  full  swing. 
§  697.  At  this  lime  the  somewhat  rapid  i^troke^  of  the  ff  tal 
heart  drive  tlie  fa>ul  blood  through  the  umbilical  arteries  to  the 
capillarie-i  of  tlie  chorionic  villi,  from  whence  tt  is  returned 
by  the  umbilical  vein.  From  experiments  on  lamlu  and  otfu^ 
oaimats  it  would  appear  that  the  blood  pressure  in  the  umbilici 
artery  is  moderately  high  (40  to  80  mm.  Hg.)  and  that  in  uP 
umbilical  vein  very  considerable  (15  to  30  mm.  Hg.).  higher 
than  the  venous  pressure  in  the  mother  in  a  vein  of  oorrespond- 
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ing  aize;  the  difference  between  the  arterial  and  venaus 
presHure  is  therefoi-e  rvlutivuly  less  thuu  in  the  mother.  Cor- 
rei^pou<ling  to  this  ihv  velocity  of  tho  bluoil  ilow  is  relatively 
low.  Tlio  number  of  red  uorpu»clc«  in  a  given  bulk  of  fusUil 
blood,  which  w««  of  eonrse  at  lirat  very  scanty,  has  by  thU  timo 
much  inui-i»i»e(l,  but  a»  a  rule  reuiaina  up  to  the  end  leM  than 
that  of  the  mother,  though  this  has  become  fUiainifthed  by  the 
pn^gnanoy.  In  many  oaaea  no  marked  distinction  of  colour 
ciiii  be  olisen'ed  between  the  blood  in  the  umbilical  arteries  and 
that  in  the  umbilical  vein,  but  such  difference  as  can  be  noted 
in  in  the  diivction  of  the  blood  in  the  vein  Ix-ing  brigbter  than 
that  in  ihu  artvrii-^,  and  at  times  this  Ls  conspicuuusly  the  cas«. 
If,  for  inxtaiice,  the  fcetus  at  tlie  time  of  observation  happuns 
to  make  prolonged  movements,  tlie  contxast  -between  tlie  dark 
blond  of  the  umbilioal  arteries  and  the  bright  blood  of  tlie 
umbilical  vein  raav  become  striking.  An  examination  of  the 
gases  of  the  bloon  shews  that  the  blood  iu  the  vein  contains 
more  oxygen  and  less  carbonic  acid  than  that  of  the  arteries : 
the  former  for  instance  has  bwn  found  u>  contain  from  7  to  '20 
p.e.  of  oxygen  and  -10  p.e.  of  carbonic  ncid.  the  Utt«r  2  to  6  p.e. 
of  oxygen  and  46  p.c.  of  carbonic  acid.  Hence  the  blood  in  the 
nndiilicAl  vein  is  essentially  arterial  blood,  and  that  in  the 
ninbilieal  artttries  essentially  venous  blood.  It  raav  be  oliserved 
that  while  as  regards  the  amount  of  carbonic  acid  the  blood  of 
the  fratiis  rnns  parallel  to  that  of  the  mother,  the  arterial  blood 
of  the  f(Ptus  (in  the  umbilical  vein)  contains  loss  oxygen  than 
that  of  the  mother.  This  is  not  due  alone  to  the  relatively 
smaller  amount  of  hwmoglobiii,  for  as  shewn  by  experiment 
the  baiinoglobin  of  the  fwlal  arterial  blood  is  far  from  Wing 
saturated  with  oxygen,  whereas  as  we  have  seen  (G  286)  that  of 
the  adult  is.  or  very  nearly  so.  We  may  add  that  the  foetai 
blood  left  to  it«elf  uses  up  ite  free  oxygen  rapidly,  very  much 
more  rapidly  than  does  adult  blood. 

The  maternal  blood  is  conveyed  to  the  placent4kl  nnuMs  by 
arteries  which  open  diructly  into  tlie  siiioscs.  Hence,  though 
indepeudvntly  of  any  inSncnce  exerl«i]  by  the  foetal  blood  tiM 
blood  returned  from  the  sinuses  by  the  ut«rine  veins  is  venous 
blood,  rendered  venous  by  the  maternal  tissues  iberaselTes,  yet 
the  blood  in  the  sinus  to  which  the  capillaries  of  the  villi  are  ex- 
posed may  be  regarded  as  rather  arterial  than  venons,  and  in 
luiy  case  contains  more  oxygen  and  less  carbonic  acid  than  do«s 
the  fu-tal  blood  arriving  or  the  umbilical  arteries.  Seeing  tiiat 
the  relatively  narrow  uterine  arU'rius  open  out  suddenly  in  tl»e 
wide  placental  sinuMM  the  flow  in  the  latter  must  lie  alow;  the 
flow  in  the  ftetal  vesseN  is  aUo  as  wo  have  seen  not  rapid ;  hence 
ample  time  is  given  for  tlie  interchange  of  gas«s.  The  change 
which  ia  thus  effected  is  probsbty  carried  out  by  diffusion,  the 
amount  of  change  being  determined  by  the  relative  percentages 
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of  the  gases  in  the  mntemal  snd  foBtal  blood.  At  least  ve  ba<V 
no  more  evidence  in  tite  case  of  this  placental  respiratioD  than 
we  had  in  the  case  of  the  pulmonary  nssfuration  that  the  tnter^ 
change  is  in  anr  vray  assisted  by  cellular  acti%'ity  of  a  sccretoir 
kind.  The  placental  rvspirutioii  of  the  Rtammal  Mems  in  fact 
exactly  to  repeat  the  branchial  ri^pi  ration  of  the  fisb;  in  the 
former  the  luttiu  hivathes  by  means  of  the  tnaiemal  Uood 
io  th«  same  u-ay  that  in  the  latter  the  fith  breathes  by  meau  of 
th«  water  in  which  it  lives. 

It  foUowit  fmro  the  above  that  the  foetus  may  be  asphyxiated 
in  two  ways ;  on  the  one  hand  by  interference  with  the  access  of 
fmtal  blood  to  the  plaujnia.  as  when  thv  cord  is  (ted*  and  on  the 
other  hand  by  the  matcnial  circulation  being  arrested,  or  by  the 
mat«rnal  Uood  beiM;;  wanting  in  oxygen.  When  the  mothei 
i»  a»p])yxiat«d  the  foetus  U  asph]-xiat«d  too,  the  oxygen  pasnog 
from  tiie  fcetal  blood  to  that  of  the  mother.  In  sttch  a  case. 
owing  to  the  more  impenoua  demands  of  the  mfti^mal  blood, 
tlte  store  of  oxygen  m  the  f<pial  blood  is  sooner  exhaiuted 
and  asphyxia  is  more  mpidly  developed  than  in  the  case  when 
the  cause  lies  in  the  foetus,  not  in  the  mother,  and  the  oxygen 
simply  disappears  from  the  fwtal  blood  as  it  is  slowly  used  np 
by  tbe  ftetal  ti^ues ;  for  the  mte  of  foetal  oxidation  thoogh  tt 
increases  continually  dniing  the  intra-uterine  life,  especiaUy  in 
the  later  stages,  is  slow  compared  to  witat  it  beconMS  xnao 
time  after  birth. 

§  698.     The  ftetus  not   only  bi-eathes  but  also   feeds  and 

Erobably  excretes  b^-  means  of  the  plaeenw :  the  blood  reCanung 
y  the  umbilical  vein  is  not  only  richer  in  oxygen  and  poorer  in 
carbonic  ncid  but  tHao  richer  in  nutritive  material  and  poocer 
in  waste  products  than  the  blood  of  the  umbilical  arteries. 
In  dealing  bowe%'er  with  the  nutrition  of  the  embn*o  we  most 
bear  in  mind  a  special  condition  under  which  tbe  emfatyo  lires. 
As  we  have  said  the  embryo  proper  becomea  at  an  eariy  date 
invested  with  the  douUe  membranous  bag  of  the  amnioo, 
consisting  of  the  inner  amnion  and  outer  (false)  nmniwi- 
Between  the  two  there  is  at  firat  a  space,  into  which  as  «<e  have 
seen  the  allantois  grows  in  order  to  become  the  placenta ;  hot.  as 
the  flnid,  which  from  the  first  is  present  within  the  inner  bag. 
increases  in  amount,  without  any  corresponding  increase  in  tbe 
fluid  between  the  inner  and  onter  hag.  tbe  (true)  amnion  in  its 
expansion  after  the  formation  of  the  placenta  reaches  and  nnitei 
with  the  hlse  amnion  which  by  this  time  is  known  as  the 
cliorioii.  Tlie  wliole  interior  of  the  nterus  is  lined,  next  to  tbe 
decidua,  by  a  membrane  apparently  simple  hut  composed  of 
-uniiad  amnion  and  (Chorion,  and  within  tois.  surrounoing  a&il 
<t  the  embryo,  lies  tbe  anmiotic  flaid.  which  at  fiivt 
^  increases  in  amount  until  in  the  later  stages  of 
inay  anwunt  to  SOO  o^  or  eren  much  more- 
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In  the  ronf  of  the  uterus  in  the  region  of  the  placenta,  thu 
amitiotic  fluid  ia  in  dose  proximity  not  only  to  the  bmitching 
umbilical  arterieji  and  veins  of  the  fcetnti,  but  also  to  many 
of  tliB  uiatei'iial  blood  vesHels,  being  separated  from  the  matenial 
blood  by  nothing  more  than  the  thin  wall  of  the  blood  ve-iset 
and  tbu  mcmbruiiu  ju.^t  spoken  of.  Tho  fluid  is  also  over  the 
i'c»t  of  tin;  internal  HurfAcu  of  the  utvius,  in  close  proximity  to 
the  blood  vct^vU  of  the  inaturnal  decidua,  and  indviid  in  the 
lat«r  stages,  when  the  dectdua  apart  from  the  placenta  liiw 
largely  retrogmited,  to  the  blood  vessels  of  tlie  uterine  mucous 
membrane.  The  conditions  therefore  are  favourable  for  th« 
tmusudation  of  material  from  the  blood  of  the  mother  into  the 
nmniotio  cavity;  and  we  have  experimental  evidence  that  not 
only  water  but  various  substances  may  pass  in  this  way  from 
thu  one  to  the  other.  If  indigo<;armiriv  (§  386)  bo  inJL-ct«d 
into  the  veins  of  thu  mother,  none  passes  by  the  umUlical  vein 
into  the  tissues  of  thtj  foetus;  these  remain  wholly  uncolotired. 
Yet  the  amniotic  fluid  becomes  deeply  tinged  with  tlie  pigment, 
which  obviously  must  have  passed  dii-eotly  from  the  mother 
into  the  amniotic  cavity.  Hence  we  may  conclude  that  though 
the  amniotic  fluid  is  at  first  derived  exclusively  from  we 
fustus,  and  duiing  the  whole  timo  is  partly  derived  from  the 
same  source,  it  is  also,  ami  es[Kiciully  in  the  later  stugvs,  largely 
derived  by  direct  traosudAtiou  from  the  mother. 

Into  this  amniotic  8iaice  the  piwsages  of  the  foetRs,  the 
mouth,  anus,  &c.  open,  and  it  ftervest  as  we  shall  see  as  a  I'epa'ii- 
tory  for  the  excretions  of  the  fretua.  Into  it  is  discharged 
such  urine  as  the  ftutua  secretes,  into  it  are  shed  the  fstal 
epidermic  scales,  and  e4)pendagc!i  such  as  hairs,  and  into  it  may 
he  disL-bttixcd  the  contents  of  llt«  alimenUiry  canal,  known 
ail  the  mtamium.  Now,  liairs,  epidermic  scales,  in  the  case 
of  hoofed  manimaU  portions  of  shed  hoofs,  and  at  times 
meconium  have  been  found  in  the  f<Btal  stomach;  they  arrived 
there  by  the  ftetua  swallowing  the  amniotic  Quid;  we  have 
other  evidence  that  the  fuatua  in  the  uterua  may  exe<cute 
swallowing  movements,  an<l  if  these  are  executed  thej'  must 
lead  to  Bwallowinj;  of  the  amniotic  fluid,  since  this  will  pjiss 
into  the  mouth  and  pharynx  whenever  the  moutJi  is  opened.  If 
these  swallowing  moveniente  occur  freijuently.  and  tliere  i« 
some  evidence  titat  they  do.  nutritive  material  contained  In  the 
fluid  and  ilerived  directly  from  the  mother.  miRht  thus  be  con- 
veyed to  the  (o'tus;  the  latter  might  bo  nourished  by  me^na  of 
the  amniotic  fluid.  Kut.  even  making  all  allowanev  for  any 
possible  nourishment  in  this  way,  ve  may  probably  regard  it  as 
tiiaignificaut  oumpared  with  that  which  is  carried  on  by  the 
phtceutul  and  umbilical  vessels;  we  may  assume  that  the  fond 
of  the  fcetus  reaches  it  mainly  by  passing  from  the  maternal 
ainu)9e8  into  the  capillaries  of  the  chorionic  villi. 
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^  699.     Judscitig  fi'omnnalogy  wemayconctticte  lliHt  tlicfi 
of  tlie  fiPtus  coiisists,  like  that  of  the  adult,  of  |>riU«i>l&,  fats, 
carhohvdrutos  iimi  salts  convened  in  water.     In  atteiiipljiit;  to 
understand   how  these    tuateritils   pass  from  the  lilootl  (if   t' 
luatertial  ainus  to  tlie  blood  of  the  fa-tfil  villus,  we  have  to  fi 
prohleiiin  of  the  same  kind  us  those  which  we  mut  with  in 
isiiiuriiig  absorptioD  from  the  alimentary  cauat  (S  253), 

Here  as  there  diFTusion  and  tiltratton  play  ttieir  pnru ;  btf 
here  aUo  as  thurv  the  pimsage  of  material  does  not  follow  the 
laws  of  difTusiuii  and  filtration  which  regulate  the  paange  of 
muterini  through  non-living  membranes.  We  have  eviaenee 
tliut  dilTuKible  substanceii  pass  readily  from  mother  to  fcetus 
and  from  fcFtua  to  mother.  When  sugar  is  injected  in  coiKiid* 
erahle  quantity  into  tha  vessels  of  the  mother,  it  is  found  in 
exeess  in  ttiu  tissues  of  the  fa-tus.  When  such  a  drug  or  poison 
B8  Btropin  is  injected  into  the  mother  il  p««se8  to  Uiv  (tslas, 
and  manifi-st»  it»  presence  there  hy  dilation  of  the  pupils.  Not 
only  may  the  fi^tu!)  he  killed  by  injection  of  atrychnine  into 
the  mother,  but  the  mother  may  be  Killed  by  the  injection  of 
strychnine  carefully  restricted  to  the  ftetua.  Again,  if  curare, 
which  ia  inert  towards  the  foitus  at  least  up  to  a  oertAin  dose, 
be  injected  into  the  fwtus,  the  mother  is  )ini-ct«d  by  the  drug, 
the  fact  that  the  drug  does  not  poison  the  fwlus  assisting  in 
its  transmission  to  the  mother;  this  result  is  especially  worthy 
of  notice  sinec  curare  has  a  very  low  diffusible  power.  T 
intluenee  of  dtffnxinn  seems  to  be  further  illustrated  by 
fuct  that  if  large  quantities  of  sugar  or  other  difTuitible  su 
stance  he  injected  into  the  blood  vessels  of  the  mother,  while 
the  thickened  plasma  of  the  maternal  blood  is  diluted  by  the 
entrance  of  water,  as  shewn  by  th(>  diminished  proportion  of 
red  corpuscles,  ihnt  of  the  fibtus  us  shewn  by  the  suno  method 
undergoes  coni-cnti'Ution  ;  water  passes  from  the  fa>t«l  blood 
meet  the  needs  of  the  matenial  blood. 

Nevertheless  that  in  the  passage  of  natritive  lOftterial  fi 
tlie  mother  to  tlie  fretus.  an(f  of  wa.ste  products  from  tlie  foet 
to  the  mother,  we  have  to  deal  with  something  more  than  ordi- 
nary diffusion,  is  shewn  by  the  fact  that  the  specific  gravity  of 
the  fcetal  blood  differs  from,  being  dcfmitely  above,  that  of  the 
maternal  blood ;   if  diffusion   hud  its   full  power  the  spcci 
gravities  of  the  two  bloods  would  soon   become  cquali 
Although  exact  information  concerning  the  matter  is  at  presi 
very  limited  or  simast  wholly  wanting,  it  is  probable  that 
epithelium  cells  of  the  placenta,  either  those  of  the  villi  or  th» 
•decidual'  cells  or  both,  play  a  part  not  unlike  that  played 
by  the  epithelium  of  the  alimentary  canal  or  even  play  a  mcugfl 
important  part.     Whether  the  protcids  of  the  maternal  bloo^l 
undergo  u  change  analogous  to  peptunificatioii  in  passing  to  the 
fcetus,  whether  the  mother  furnishes  fat  to  the  ftetal  bl 
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and  if  so  how,  — to  these  and  other  questions  vrhieh  suegcst 
tlH-inselves  no  very  satisfactoi-y  aii«wer  can  at  present  be  given. 
Willi  regard  to  fat.  leaning  on  the  analogy  of  the  eonchwion 
at  which  (S  486)  we  arrived,  that  in  the  adult  the  fat  of  the 
food  is  probably  not  taken  up  by  the  tissues  as  fat  during  the 
nutrition  of  the  tissues  hy  the  blood,  we  may  perhaps  suppose 
thiit  the  mother  does  not  supply  the  fa>tU8  with  fat  as  such. 
W(?  have  already  referred  lo  the  sigiiiticant  presenee  of  glyco- 
gen ill  the  placenta;  and  it  would  almost  seem  ta  if  the  pla- 
eeiita  exerted  at  one  and  the  name  time  on  the  nialeriul  passing 
from  the  motlier  to  the  ftetus  inHuences  comparable  not  only 
with  those  exerted  by  the  walls  of  the  alimentary  canal  but 
also  with  those  subsequently  exerted  by  the  hepatic  cells  on 
the  material  which  passes  by  way  of  the  portal  vein  from  the 
intestines  to  the  rij^ht  side  of  the  heart.  Again  (he  very  phrase 
"  uterine  milk  "  stiggests  that  the  placenta  epithelial  cells  exer- 
cise a  secretory  and  metalfolie  influence  comparable  to  thai  of 
the  mammary  gland.  But  how  far  these  analogies  are  false  or 
true  future  research  niuxt  determine ;  and  putting  aside  for  a 
while  the  special  problems  thus  suggested  we  may,  in  a  broad 
wity.  say  that  the  fii'tus  li^'es  on  the  blood  of  its  mother,  very 
much  in  the  same  way  that  all  the  tissues  of  any  animal  live  on 
the  blood  of  the  body  of  which  they  are  the  parts. 

§  700.  For  a  long  lime  all  the  embryonic  tissues  are  '  pro- 
toplHsmie'  in  characl«r ;  that  is  to  say,  the  gradually  differeo- 
tialitig  elements  of  the  several  tissues  remain  still  embedded  in 
undimirentiatecl  material ;  and  during  this  period  there  must 
be  a  general  similarity  in  the  metabolism  going  on  in  various 
parts  of  the  body.  As  different  iatioii  becomes  mora  and  more 
nwrketl,  it  obviouiily  would  be  an  economical  ftdvsntagu  for 
partiRlly  elaborated  material  to  be  storeil  up  in  various  foetal 
tissues,  so  OS  to  be  ready  for  immediate  use  when  a  demand 
arose  for  it,  rather  than  for  a  special  call  to  be  made  at  each 
occasion  upon  the  mother  for  comparatively  raw  material  need- 
ing subsequent  preparatory  changes.  Accordingly,  we  find  the 
tissues  of  the  fit-tus  at  a  sery  early  {leriod  loaded  with  glyco- 
gen. The  muscles  arc  (Specially  rich  in  this  substance,  but  it 
occurs  in  Otli«r  tiwues  as  well.  The  abunilancv  of  it  in  the 
former  may  be  explained  pttrtly  by  the  fact  that  they  form  a 
very  large  proportion  of  tlie  total  mass  of  the  fnetal  IJody,  and 
partly  by  the  fact  that,  while  during  the  presence  of  the  glyco- 
gen they  contain  much  nndifferentiated  substance,  they  arc 
exactly  the  organs  which  will  ultimately  undergo  a  large 
amount  of  differentiation,  and  therefore  ne«i  a  large  amount 
of  nniterial  for  the  metabolism  which  the  differentiation  entails. 
It  is  not  until  the  later  stages  of  intra-uterine  life,  at  about  the 
tifth  month,  when  it  is  largely  disnppearing  from  the  muscles. 
tliat  the  glycogen  begins  lo  be  depcMited  in  the  liver.     By  this 
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time  hutoloKical  (liffetenUation  hw  advanced  Uraelx.  and 
use  of  thv  i;l.v»>geD  tA  tl>e  eeoDomjr  has  heoonie  vat  to         ^ 
il  18  jitit   ill  ibt:  ordinary  life  of  the  animal ;  beitoe  ws  find  tt 
ii>^iK>!tite<i  in  tti«  iniiuU  place.     We  do  oot  kncnr  how  mneh  cat- 
Ixitiyflrate  loaterial  fitiilfl  iu  way  into  the  BTBhilkal  TSm ; 
we  cannot  therefore  stat«  what  a  thv  eouroe  of  tb*  foEtal  kIji 
gen ;  but  it  is  at  li-ast    [wwtiUe,  not  to  aaj  proiiaUe, 
ariHC!!,   ia    part   at  all  evciiu,   from  a  spLittii^  up  ol 
mittcniil  ill  the  fwtal  InMly. 

§  701.  Conoeniing  the  riae  and  developuteat  ol  the  foDc- 
tional  actirities  of  the  embrio,  our  knowledsB  ia  almost  a  blank. 
We  know  scarcely  aii^thiag  about  the  I'mnooa  steps  br  which 
the  pntiiar>'  fundameiilal  qoatittcs  of  the  living  matter  of  the 
ovum  are  aiffervnltat«d  into  the  complex  phwnomcna  whiiJi  we 
have  iitteinpt«<l  iu  ttiis  book  to  expound.  We  can  faanllr  state 
more  than  ttiat  while  muscular  conirac-tility  beoootea  earij 
develojie'l.  and  tht;  heart  probaMy.  an  in  the  chick,  beat*  ero 
before  the  blood-corpiisclea  are  forme*!,  movementa  of  ibe  fcrtoa 
are  in  the  human  subject  Srst  felt  about  the  uxieenth  week; 
they  probably  occur  before  but  aie  not  easily  recognized,  while 
fnim  that  time  onward  they  incTvase  and  subsequently  beoame 
very  marked.  Tliuy  are  often  apc^cn  of  as  reflex  in  character, 
and  some  of  lliem  are  undoubtedly  of  tliia  Dalure.  Wbea  tks 
ateniH  of  a  pregnant  nninia]  i»  prematurely  opened,  vmriooa 
reflex  movements  of  the  f<etiui  may  l>e  excited  by  appropriate 
stimulation.  diiTerent  kindu  of  animaU  differing  in  tlii«  K«)i«t 
as  they  do  with  regard  to  the  powers  of  the  new4Mni  animali. 
Such  reflex  movements  may  Ixs  witoeseed  before  the  |ilac«ntal 
circoLitioii  has  l)eeii  interrupted,  but  they  an-  increased  if  the 
fii'liu  lie  iiiarle  Ut  iireutlie.  We  Iulvc  alr«td,\'  referred  to  swal- 
lowing movementit;  and  may  add  that  nn  immalore  fu-tal  ani- 
mal may  lie  made  to  bite  oy  ininxlncing  the  flnger  into  its 
mouth.  Some  of  these  normal  intrii<uterine  moveneots  aiifiear 
however  to  be  nut  reflex  but  automatic  if  not  vcdantarr  tn 
mUure.  Movements  of  the  limbs,  apparently  automatic,  &a\-e 
been  obsierved  in  f(etuse«  iu  which  the  brain  has  not  been 
d>;velo)jed.  We  may  add  that  in  tttc  human  subject  the  occur- 
rence of  intra-uterine  cnnvuiaiona  is  fully  HcknowIiHlged. 

§  703.  The  digedtive  functiona  are  natui-ally,  in  t)>e  nhtiirfi 
of  all  food  from  the  alimentary  canal,  iu  abeyance.  Though 
pepsin  may  be  found  in  the  gastric  membrane  at  about  ue 
fourth  month,  it  is  doubtful  whether  a  truly  peptic  gaatrio  juice 
18  HCtrelcd  during  intra<ut«rine  life;  tr\-iieim  appears  in  the 
pjinvn^as  somewhat  later,  but  an  amylolytic  fennent  caimnt  be 
olit»in^<l  from  that  organ  till  after  birth.  The  date  howe' 
at  which  the«e  several  fermentjt  iimke  tlteir  appearance  in  t 
embryo  appears  to  differ  in  different  aaimal».  Tlie  cxcntory 
functiomi  of  the  liver  are  developed  early,  and  about  the  thi 
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moiitb  bilv-pi^uieiit  niiil  ItiK'^-saUs  Bud  tlicir  vmj  luto  the  intc^s- 
tiue.  Tli«  i|iiiiiili1y  of  l>iln  sucruted  during  intrA-tiU-iitiu  lit'u 
aociiiiiiilitte.t  ill  llm  intestine  iiiiii  esiieciallv  in  iliu  r«cliim,  form- 
ing, ti>gel)ier  with  material  «<e(;i-et«<l  by  tlie  vaUh  of  tUn  ulimeii- 
tnry  canal  ant]  nonie  desquamated  epithelium,  the  8o-oalli>d 
mec-oiiiuui.  Iluman  meconium  is  found  to  contain  about  iit 
p.v.  of  soUdx.  Thvve  ooiisUt  of  a  considerable  quantity  of 
diolvsteriu  (*T  p.c),  somv  fittty  auids,  bile  salts  with  bile  pig- 
ui«ntj«,  bnih  hir^t;ly  iiimUored,  uud  calcium  uud  sodium  »ult«; 
the  iL»h  is  mtht-1'  nidrt;  lliau  1  ji.tj.  Tlimigh  bile  coutributes 
normally  to  form  the  meconium,  it  is  itot  eNseiitLil,  fur  a  con- 
siderable quantity  haa  been  found  in  llie  ftptos  in  cast^  where 
the  liver  baa  been  absent. 

The  distinct  formation  of  bile  is  an  indication  that  the  pro- 
diiutd  of  fa-l^l  niulabolisiii  are  no  lougur  wholly  carri4.-d  off  by 
tliu  mnteniid  circulation;  and  to  the  ext-relory  finu-ttuu  of  tliH 
liver  tlit-ri!  are  now  lidded  tlmse  of  llie  skin  iiml  kidney.  Since 
in  niiui,  nnd  in  iniiny  ullier  iiiiimitls,  such  »iiii!«Uuiceit  im  are 
secreted  liy  the  kidney  lintl  their  way  at  an  early  date  into  the 
cavity  of  the  amnion,  the  determination  of  the  hiatory  of  the 
renal  secretion  is  a  matter  of  difticulty.  for  m  we  have  seen 
the  amniotic  fluid  in  derived  in  part  at  least  directly  from  the 
mudicr.  and  substances  present  in  it  muy  or  inuy  not  have  becu 
diHchiir^i-d  into  it  by  the  fwtus.  The  umniotiv  thiid  vuries  not 
only  in  quiuitily  but  iiUoinspucitic  gravity  (1 -01)2  to  V08y>aiid 
in  eompoaition,  and  there  doea  not  aecm  to  be  any  detiuite  rela- 
tion between  its  aiiecilic  gravity  and  the  quantity  in  which  it 
occurs,  or  between  ita  si>ecific  gravity  and  the  size  or  age  of  the 
fu'tus.  It  may  lie  said  to  contain  on  the  averuee  sboat  1'6  p.c. 
of  solid  luiittur.  of  which  about  '3  are  proteitw,  -8  extractives 
and  -6  tmltJi.  Tbu  protei^U  arc  serum  Hlbiiiniii  and  probably 
jxiraglobulin,  mucin  or  a  muciu-Uke  body  being  also  presi^nU 
Sugar  appears  to  be  so»ietiia«i«  present,  sonietiines  ab»ent.  The 
moat  important  constituent  is  perhajM  urea,  which  seems  to  be 
always  present.  Since  this  is  found  at  quite  an  early  stage, 
before  any  secretion  fn>m  the  fu^tal  kidney  could  take  place,  it 
muy  be  thus  considered  as  derived  from  the  mother  and  com- 
{Mrable  in  origin  to  the  urea  found  in  si^rouii  fluids;  but  siuco 
urine  containing  un-u  is  found  in  the  fu-Ud  bhidder  at  least  as 
early  as  the  seventh  month,  we  nuiy  conclude  that  during  the 
later  stages  of  pregnancy,  and  po^iaibly  much  earlier,  part  of 
the  urea  of  the  amniotic  nuid  comea  from  the  foetal  kidney.  In 
^me  animals,  ex.  gr.  ruminants,  the  cavity  of  the  allantois  re- 
mains for  a  long  time  i>crmaUL>nt  nnd  tille*!  with  Quid,  inst«ad  of 
Hs  in  man  becoming  at  an  curly  date  obliterated  in  it^  distal 
portion.  In  these  animals  the  kidneys  discharge  (heir  secn-tion 
into  this  allaiitoio  sac,  and  in  the  oontenta  of  che  sac  is  found 
the  body  allied  to  urea,   allantoin,  so  called   from  its  having 
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been  first  dii^icnveral  in  this  sitiiAtion.    Traces  of  allantoin 
also  l)Oon  found  in  huniiiii  uitmiuttc  llnid.  which  result  ru 
that  this  substance  is  at  any  early  staga  fonned  by  the  kidney 
but  subsequently  gives  place  to  the  permanent  uri'a. 

There  is  no  evidence  Uiat  any  sweat  is  s«crct«*l  by  (he  fcptiu 
in  the  uterus ;  and  indeed  if  any  such  secretion  does  take  [ilace 
this  cmi  only  be  for  the  discharge  of  solid  matter,  and  not  as  in 
the  adult  for  the  dischar^  of  wutcr ;  but  the  epidt-rmic  scales 
ni^  utidoulitedly  shed,  nud  tuny  be  detected  in  the  amniotic 
Hnid. 

§  703.  About  the  middle  of  intra-uteritic  life,  when  th«  f<Ptal 
circulatiou  is  in  full  development,  the  blood  Howtitg  along  the 
umbilical  vein  (see  Kig.  195)  i*  chiefly  carried  by  the  ductaa 
venostLS  into  the  inferior  vena  cava  and  so  into  the  right  auricl 
Thence  it  appears  to  be  directed  by  the  valve  of  Eustachi 
through  the  foramen  ovale  into  the  left  auricle,  pa^^sing  froi 
wbicb  into  the  left  ventricle  it  is  driven  into  the  norta.  I'art 
of  the  uinbilieiil  blood,  however,  inste^nl  of  [nisKing  directly  to 
thfi  inferior  eavii,  entent  with  the  blotxl  carried  by  the  portal 
vein  into  the  hepatic  circulation,  from  which  it  retun)«  to  the 
inferior  cava  by  Ihe  hejHitic  veins.  The  inferior  cava  also  con* 
tains  blood  coming  from  the  lower  limbs  and  lower  trunk. 
Hence  the  blood  which  passing  from  the  right  auricle  into  the 
left  iiuricle  through  the  foramen  oi'alc  is  distributed  by  the  left 
ventricle  througli  the  aortic  arch,  though  chietly  bb>od  coming 
direct  from  the  placcniii,  is  also  blood  which  ou  ita  way  from 
the  phiceiita  has  )>as8eiL  through  the  liver  and  blood  dvriv 
from  the  tissues  of  the  lower  part  of  the  liody  of  the  fee: 
The  blood  descen<ling  as  fo-lal  venous  blood  from  the  head 
limbs  by  the  suiwrior  vena  cava  appears  not  to  mingle  large  _ 
with  that  of  the  inferior  vena  cava,  but  to  fall  into  the  righi 
ventricle,  from  which  it  is  discharged  through  the  ductus  artcri-^ 
06US  (Butalli)  into  the  aorta  below  the  arch,  whence  it  ITow« 
partly  to  the  lower  tnmk  and  limb«,  but  ebicDy  by  tfae  umbi 
cal  arteries  to  the  placenta-  A  small  quantity  only  of  the  eoi 
tents  of  the  right  ventricle  finds  its  way  into  the  lungs.  N 
the  hlood  which  cornea  from  the  placenta  by  the  umbilical 
direct  into  the  right  auricle  is.  as  far  as  the  respiration  of  the 
fn^tns  is  concerned),  arterial  blood ;  and  the  portion  of  umbilical 
blood  which  traverses  tli«  liver  probably  loses  at  this  epoch  very 
little  oxygen  during  its  tmiiniit  through  that  gland,  the  tircr 
being  nt  thia  jieriod  much  more  a  simple  excretory  Cban  an 
actively  metaWilic  organ.  Hence  the  MoikI  of  the  inferior  Timi 
cava,  though  mixed,  is  on  the  whole  arterial  Mood ;  ami  it 
this  blood  which  appears  to  be  sent  by  the  left  ventricle  ihroi 
the  arch  of  the  aorta  into  the  carotid  and  subclavian  arleriM^ 
Tlitis  the  head  of  the  fcrtus  is  provided  with  blood  compan- 
tivuly  rich  in  oxygen.     The  blooil  descending  from  tint  Msd 
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and  ii)i}ier  limhs  by  the  superior  vena  cava  is  distinctly  vcaous ; 
ami  thi)*  paasine  from  tlie  rifiht  ventrit-lw  bv  tliw  ductus  arUTio- 
HU!4  is  driven  almig  tlio  dvsfx-ndiitg  uortu,  nuil  to^i>t)ier  vrillt 
some  of  tlie  bluuil  [)iusHiug  frum   tliu  Ivfl  ventricle  round  the 
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Fia,  196.    DiAOiuii  to  ii.LiiriiATk  the  FnrjtL  CiKCCLirfW. 

It  will  b*  andtntood  that  tJic  flsut*  U  puisly  dlagntiumulc  uid  con«ruct«<l 
titiii'ly  to  »hcw  In  a  conii>Dl«il  muiiier  tlM  cen«>ral  eoura*  ukaa  bj  Uio  blnod. 

rii»  wiiig«*]  arrow  inilkau*  venona,  bhe  iiUln  arrow  utertol.  or.  In  t*nt, 
mixwl  blouil. 

(jT.  Tho  nmbatea]  nhL,paMtn|la  panto  tboltver  (IndleUcd  In  outUnu). 
JolniHl  br  blood  Irani  lbs  allmantefy  ttiMl  along  iha  aiMnnUiric,  bvaomlng  the 
portal  vein  V.JK,  but  cbMty  Sowtttg  on  by  iti»  doelua  tcdomu  D.  V.  (faiio  which 
toll  th«  bcpaUo  velna  VM.)  Into  One  Inferior  vena  cava,  l.V.C. 

TbU  cblcfljr  ortDrbd  bat  hIIII  mlxrd  blood  paMrs  Ibroagb  tbs  rldit  anrfaila 
S.A.,  the  fi)n>m«n  o*ala/0.  t»  iIk'  \vU  aarlde  ImA..  (benco  to  tha  kn  *aDlitelft 
L.  V.  and  m  by  Uie  arcb  of  tbi;  aoita  Aif.  to  the  artJ^riea  cd  lb«  haad  and  ntvar 
timlw. 

'ni«  venotu  blood  of  th«  bead  and  npper  Unnba  pawoa  trom  th<  napcrior  nna 
cava  S.  V.  C.  throu^  the  light  aiulele  to  the  ricbt  vvairlele  R.  V.  and  tbanot  hy 
tbe  pulmonar}!-  unery  P.A.  and  daetna  arterioau*  D.A.  to  the  daaoaadlwg  aorta, 
and  ao  U  tb«  umbilical  artorioa  U.A- 

aortic  iircli  fallx  into  tlit-  umbilical  arteries  an<J  so  reaches  the 
plaveiita.  Tlie  fa-t«l  cirt^ulutioti  llien  apwars  to  be  soarraa^-d 
that,  while  the  ino«t  distinctly  venous  blood  is  driven  by  thu 
right  ventricle  liack  to  the  jilacenta  to  be  artorializcd,  tbo  moftt 
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distinctly  ftrterial  (Tint  still  mixed)  blood  h  driven  by  tlic  left 
ventricle  to  tlie  cerebral  at nictiire-i.  which,  we  niaj'  conclude, 
hiive  more  need  of  oxygen  than  have  the  other  ti.i«i)es.  Con- 
trary to  wliat  takes  plitce  iifti-rwards.  the  work  of  the  right 
ventricle  is  in  tlie  fietus  grealcr  limn  that  of  the  left ;  and,  ac- 
cordingly, that  greater  thickness  of  the  left  ventricular  wallit. 
so  characteristic  of  the  adult,  does  not  become  niiirked  until 
close  ui>iin  birth. 

§  704.  In  the  later  stages  of  pregnancy  the  mixture  of  the 
varions  kinds  of  blood  in  the  right  auricle  increases  prepara- 
tory to  the  changes  taking  jilauu  at  birth.  But  during  the 
whole  time  of  intra-utennc  life  the  amount  of  oxygen  in  the 
blood  passing  from  the  aortic  arcli  to  the  brain  is  sufficient  to 

Krevent  any  inspiratory  impulses  being  originated  in  the  bul- 
ar  respiratory  centre.  Thi.^,  during  the  whole  period  elapsing 
between  the  date  of  jt.s  struntural  establish menl,  or  rather  the 
consequent  full  development  of  its  irritability  and  the  epoch  of 
birtii.  remains  dormant  ;  the  oxygen-supply  to  its  sul>stauce  is 
never  brought  so  low  as  to  set  going  tlie  respiratory  molecular 
explosions.  As  soon  however  us  the  intercourse  between  the 
maternal  and  umbilical  blood  in  interrupted  by  separation  of 
the  placenta  or  by  ligature  of  the  umbilical  cord,  or  when,  as  by 
the  death  of  the  mother,  the  umbilical  blood  ceases  to  be  replen- 
ished with  oxygen  by  the  maternal  blood,  or  when  in  any  other 
way  blood  of  sufficiently  arterial  quality  ceases  to  find  its  way 
by  the  left  ventricle  to  the  bulb,  the  supply  of  oxygen  in  the 
respiratory  centre  sinks,  and  when  the  fall  has  reached  a  certain 
point  an  impulse  of  inspiration  is  gencrat^'d  and  the  ftptus  for 
the  first  time  breathes.  This  action  of  the  respiratory  centre 
maybe  a-ssisted  by  adjuvant  impulses  reaching  tn«  centre  along 
viirious  afferent  nerve.'i,  sucli  a.t  those  startetl  by  exposure  of  the 
liody  to  the  air,  or  to  cold  :  but  these  are  subordinate,  not  essen- 
tial. A  retarded  first  breath  may  be  hurried  on  by  dasldag 
water  on  the  face  of  the  new-born  infant ;  but  so  long  u  tl« 
placental  circulation  is  intuct,  stimulation,  even  varied  and 
strong,  of  the  fo?tal  skin,  though  it  may  give  rise  to  re&ei 
movements  of  the  limbs  and  other  parls,  will  not  call  forth  a 
breath  ;  whereas,  on  the  otbfir  hand,  upon  the  cessation  of  the 
placental  circulation,  the  fcE'tus  may  make  its  first  respiratory 
movements  while  it  is  still  invested  with  the  intact  membrane 
and  thus  sheltered  from  tlio  air  and  indeed  from  all  exteraal^ 
stimuli. 

§  705.    When  the  flrst  breath  is  taken,  as  under  normal  gii^ 
cumstances  it  is,  with  free  access  to  the  atmosphere,  and  the 
lungs  become  inflated  with  air  (we  dwelt  in  dealing  with 
piration,  §  257,  on  some  features  of  this  tirst  breathing),  thel 
scanty  supply  of  blood  which  at  the  moment  was  passing  from 
the  right  ventricle  along  the  pidmonary  artery  returns  to  the 
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left  auricle  hrighaT  and  richer  in  oxyjjon  than  e\'er  was  the 
fa'itul  blood  hufori'.  With  the  diniliititioii  of  rcsistiiQco  in  tho 
piilmuimry  circulation  caiiM'd  by  the  expansion  of  thv  thorax. 
H  larger  supply  of  blood  passes  intu  the  pulmonary  artvry  in- 
stead of  into  the  ductus  arteriosus,  and  this  derivation  of  the 
contents  of  the  right  ventricle  increasing  with  the  continued 
reapiratory  movements,  the  current  through  tJie  latter  canal  at 
last  ceaaes  altogether,  and  its  channel  shortly  after  birth  be- 
comes obliterated.  The  obliteration  is  ultimately  secured  by 
proliforution  of  the  internal  coal,  in  whieh  even  before  birtn 
the  sub<vpithelial  layer  is  unusiudly  developed,  a  thrombus 
(§  38)  at  times  helpiuj>,  hut  before  tliis  takes  place  thv  closuro 
aeenis  to  be  ns.sisted  by  the  nieolianical  arrangements  of  the 
parts.  Corresjionding  to  the  greater  flow  into  the  pulmonary 
artery,  a  larger  and  larger  quantity  of  blood  returns  from  the 
pulmonary  veins  into  the  left  auricle.  At  the  same  time  the 
current  through  the  ductus  venosus  from  the  umbilical  vein 
having  ceased,  the  flow  from  the  inferior  cava  bos  diminished  ; 
and  the  blood  of  the  right  auricle  finding  Utile  resistance  in  th« 
direction  of  the  ventricle,  which  now  readily  discharges  its  con- 
tents into  the  pulmonary  artery,  but  finding  in  the  left  auricle, 
which  is  continually  being  filled  from  the  lungs,  an  ohtttacle 
to  its  passage  through  the  foramen  ovate,  ceases  to  take  that 
course.  Anv  return  of  blood  from  the  now  vigorous  and  active 
left  auricle  into  the  right  auricle  is  prevented  by  the  valve 
which,  during  the  latter  stages  of  intra-utcrine  life,  has  beea 
growing  up  in  tbe  left  auricle  over  the  foramen  ovale.  At 
birth  the  edge  of  this  valve  is  to  a  certain  extent  free  so  thai, 
in  case  of  an  emergcRCv,  as  when  the  pnlnioiiary  circulation  is 
obstructed,  a  direct  escape  of  blood  into  the  left  auricle  from 
the  overburdened  right  auricle  can  take  place.  Eventually,  in 
the  course  of  the  first  year,  adhesion  takes  place,  and  the  sepa- 
ration of  the  two  auricles  becomes  complete.  With  its  larger 
supply  of  blood  and  greater  work  the  left  ventricle  acquires 
the  greater  thickness  cnaracteristic  of  it  during  life.  Thus  the 
fietal  I'iroulation,  in  consequence  of  the  resiiin»U)ry  raovfnients 
to  which  its  interruption  gives  rise,  changes  its  course  into  that 
characteristic  of  the  adulU 


SEC.  3.     FAltTUKlTlON. 


§  706.  Owing  to  the  growth  of  ilie  fcetu*,  antl  al«o  to 
Wicuitiulatioti  of  tiiu  ainttiuiio  ttiiid,  the  uienu  louitnls  tlu 
«in\  al  pi-egikaiioy  hsm  lieirotiie  niucli  dUteiided  and  has  ruen 
iiilo  the  cavity  of  the  abdomen,  displacing  the  abdowiiul 
\-i»cera.  The  expansion  of  the  uterus  during  pregnancy  is  a 
complex  process  in  which  the  mechanical  vffccta  of  tne  in- 
creasing iutenial  pressure  are  mingled  with  thwM-  of  growth. 
Tliough  the  uterine  walls  arc.  vls  wc  liavo  »ii(l.  much  thickened 
l>V  lliti  addition  of  new  i»u»(^ular  librrs  <u(  well  as  by  the 
increaute  in  length,  brendtJi,  and  tbickneiM  of  the  individual 
Hbre^,  and  al!<.o  enlarged  hy  the  vascular  dev«lopuii-iit,  thej 
heconie  somewhat  tliinned  again  towards  the  end  of  pregnancj 
by  reason  of  tJie  great  diatenaion  of  tlie  cavity.  The  Fallopian 
tubes  and  tlw  round  Ugamenta  share  in  the  uterine  enlargement, 
in  so  fur  as  their  muscular  tissue  i^  increased ;  but  the  mucous 
mumbninv  of  the  former  dues  not  alter,  iiud  tlie  only  changw 
taking  pUee  in  iJie  ovary  are  those  cuutfernvd  with  t.h«  corpus 
luteum  left  by  tJie  shed  ovum.  The  walls  uf  the  vagina  are 
congested,  soft  and  liyjiertrophied.  I'revinu.4  to  labour  the 
ftfitus  occupies  in  the  womb  a  position  which  it  assumes  at  a 

auite  early  date,  namely,  one  in  which  the  head  is  directed 
ownwanl's  towards  tlie  i>elvis ;   this  is  at  least   the   normal 
position,  though  deviations  Emm  it  not  infrequent ly  occur. 

Krt^iu  uu  early  data  wave«  of  conlruction,  at  times  rhythmksl, 
sweep  over  the  enlarged  uterus  and  towitrds  itie  eud  of  preg* 
nancy  heconie  more  marked.  As  a  rule  the:<e  are  "insensible'' 
contractions,  that  is  to  say  the  mother  is  not  ctHiscioos  of  them. 
though  at  times  tliey  may  be  distinctly  felt ;  and  in  all  caaea 
they  are  temporary,  producing  no  permanent  effect  on  the  ateros 
or  its  t^^mtcnts.  Though,  eis  shewn  by  the  easea  of  premattin 
bil>oiir  i\nd  abortion,  whether  occurring  from  natural  causes  or 
induced  artilioially,  the  ul«;rine  muscles  are  capable  at  even  an 
early  date  of  carr^-ing  out  tlie  systematic  contractiuns  vbicfa 
lead  to  the  expulsion  of  the  fietucC  they  do  not  in  normal  patm- 
rition  cutvr  uxx^u  iJiis  phase  of  activi^  until  a  certain  time  has 
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been  run.  In  the  liumon  subject  the  period  of  g«8tatioii 
generally  lasts  from  275  to  280  days,  i.e.  about  40  week». 
the  generul  custom  Iwing  to  expect  parturition  at  about  280 
ditys  from  thi;  lust  (Iny  of  the  lust  mciislruntion.  Seeing  how- 
ever tliat,  in  iniiiiy  cases,  it  is  unevrt»in  xvhothcr  the  ovum 
wliicb  developt?»  into  the  embryo  lieft  tlie  ovary  in  connection 
with  the  liist  menNtruivtion  nr  with  the  lirst  one  missed  or 
during  the  interveninj^  weekii.  an  exact  det«rminntion  of  the 
duration  of  pregnancy  in  difficult  if  not  impossible. 

In  some  animabi  the  iieriod  of  gestation  is  longer,  in  others 
shorter  tlian  in  man.  being  in  the  maro  about  350  days,  in  the 
«w  about  280  days,  shewp  about  150  days,  dog  about  60  days, 
rabbit  iiboiit  30  days- 

Immediately  preceding  labour  ft  secretion  of  iuqcus.  coming 
from  the  08  uteri  and  at  times  mixed  witb  blood,  is  often  a 
aign  or  *8how'  th»t  the  eltJcient  uterine  contractions,  are  about 
to  begin. 

§  707.  The  onset  of  labour  is  marked  fav  rhythmically 
repeated  contractions  of  the  uterus  which  most  distinctly  affect 
OODSciousness  and  are  recognized  as  "labour  pains."  XW  first 
effect  of  thesii  is  tho  opening  up  or  widening  of  the  os  utori 
constituting  the  "  first  8t«ge  of  labour."  Tbe  contractions  may 
perhaps  be  spoken  of  as  "peristaltic"  in  chaiacl«r,  but  the 
arrangement  of  the  bundles  of  muscular  tibrea  in  tlie  Iwdy  of 
the  uterus  is  a  complex  one,  an<l  the  gross  effect  of  the  contrac- 
tions is  to  exert  pressure,  probably  of  a  fairly  uniform  kind,  on 
the  uterine  contents,  that  is  on  the  anmiotic  fluid  or  "waters" 
vndosL'd  in  the  "  membranes"  and  surrounding  the  fa-tus.  These 
tncmbrant-'S  are  the  amnion,  tho  chorion  and  tliv  decidua.  the  fiist 
being  easily  suparotod  from  the  other  two  along  tliu  loose  con- 
nective tiMue  joining  it  to  the  eliurion,  and  thus  forming  an 
inner  and  outer  nheet  or  membrane.  Over  the  oe  uteri  the 
decidua  consists  of  decidna  retlexa  only ;  and  here  the  mciit- 
brAnea  with  the  contained  fluid  act  an  a  hydr.ndic  plug  dii-ecting 
the  forcf  of  the  uterine  contractions  towards  expanding  the 
mouth.  As  labour  goes  on  a  special  chanictvr  of  the  uterine 
eontractions  bcoumes  prominent.  In  the  contractions  of  which 
we  spoke  above  oa  occurring  during  pregnancy  before  lubour 
really  oonunencM,  the  nlaxation  of  each  muscular  fibre  follow- 
ing  upon  »  oontniotion  is  a  complete  one.  Hut  in  lahour  the 
musrular  fibres  while  with  each  pain  they  contract  and  relax, 
are  all  the  while  liecoming  permanently  and  progressively 
thicker  and  shorter.  This  change  by  which  the  uterine  wall 
becomes  progressively  tliicker  and  more  compact  has  been 
spoken  of  under  tlie  not  vor)'  do«rablo  term  "retraction," 
OS  distinguished  from  "contraction,"  but  appears  to  be  a  sort 
of  lonio  coiitniction  or  perliaps  rather  a  residue  of  coniractioti 
like  that  seen  in  skeletal  muscles  under  certain  couditions; 
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Bt  each  pecurring  "pain"  Uie  shortcniiig  of  the  muscnUr 
iibrefl  ntarts  so  to  speak  from  this  more  permttiivnt  ishortetuiig 
instead  of  from  complete  roluxatioD,  aud  tlie  return  i«  to  it  not 
to  complete  relaxation.  ^- 

ThiB  more  permanent  tonic  coutraclion  or  "  relmctJon  "  doffl 
not  however  affect  the  whole  utenia :  it  is,  broadly  speakin^P 
confined  to  the  body  luid  absent  from  the  cervix.  Indeed  io 
the  latter  region  ati  conlractious  are  wanting,  the  muscuhir 
hbres  appear  to  be  Inhibited,  iind  the  widls  yielding  to  the 
pressure  exerted  upon  them  beeumu  tliJimer  instead  of  thicker ; 
OS  the  pressure  iiicreuiieii  the  lib  res  possibly  become  lamed 
or  pariiiyKed.  In  this  ^ray  a  distinction  is  established  Iwlweca 
an  "  upper  segment ''  of  the  uterus  corresponding  to  the  body, 
the  walls  of  whioh  become  thicker  and  shorter  through  the 
continued  and  progresftive  '*  retraction."  and  a  "  lower  segment," 
corresponding  to  the  cervix  but  possibly  including  the  lower 
purl  of  the  body,  the  walls  of  which  become  stretched  and 
thinner,  the  line  of  demarcation  between  the  two  si-gmcnu 
bein^  often  called  "the  rotracliou  ring."  As  the  pressure 
in  the  body  of  the  uteruH  continuett  and  waxes  gr«flt«r,  the 
mouth  becomes  wider  and  wider,  until  the  head  of  the  fwtut 
begins  to  pass  through  it  into  the  vagina,  the  walls  of  which 
like  those  of  the  "lower  segment"  have  meanwhile  beoon>e 
stretched  and  thinner  ;  and  as  the  fietUB  is  thus  lea\'ing  the 
ut#ru8  the  progressive  tonie  contraction  adapts  the  uterin« 
walls  to  the  lessening  cavity-  Sometimes  the  membranes  are 
ruptured,  with  escape  of  the  "  wjitera,"  before  the  head  has  li-ft 
the  uterus,  i»t  other  times  they  form  a  bulging  ciisliiou  preceding 
and  making  way  for  the  fo-tii^. 

When  tlie  ott  uteri  has  become  fully  expanded  and  is  ready 
to  allow  the  head  of  the  foetiLt  to  pass  through  it  into  the  ^'agina. 
the  intrinsic  contractions  of  the  uterus  begin  to  bo  assisted  bv  an 
extrinsic  force,  by  contractions  of  the  abdominal  walls  which 
thus  exert  on  (he  uterus  and  its  contents  a  pressure  \t.'ry  Mmilar 
to  that  exerted  on  the  rectum  tn  defiecaliou  (§  225).  TlieM 
contractions,  which  mark  the  onset  of  the  "f^cond  singe"  of 
labour,  are  rhythmical  in  nature  like  tlio^  of  the  uterus  itself, 
and  synchronous  with  them.  Tlie  expulsive  power  of  the  uterus 
is  thus  greatly  increased,  and  tlie  head  of  the  frntiut  folio 
by  the  rest  of  its  body  la  driven  through  the  vagina  and  th< 
through  the  vulva,  these  plaving  apparently  a  wholly  pWB 
jiiLrt  in  the  matter,  and  the  cfiikl  is  thus  literally  "thrust  a 
the  world." 

At  the  very  beginning  uf  labour  there  takes  place  at  tbc 
internal  os  a  cleavage  of  the  decidua  vera  between  a  deeper  lest 
altered  and  a  superticial  more  altered  layer,  so  that  the  latter, 
attached  to  the  chorion  and  thus  forming  part  oC  the  "mem- 
branes," separates  from  the  uterine  surface.     This  separatii 
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the  be^nnuig  of  which  is  the  cause  of  the  "show"  spoken  of 
above,  and  whicli  is  coiisitk'rmi  to  he  a  muchanical  effect  of  the 
ut«rin«  c'ont ructions  but  which  niiixl  be  prepared  (or  by  bisto- 
lo^icnl  chunges,  during  the  early  stages  of  laliour  extends  up- 
wards for  two  or  three  inches  only;  hut,  at  the  la«t,  it  i»  airricd 
ritjhl  through  the  "deoidual  layer"  of  the  placenta.  Hvimt;, 
afUT  the  expulxion  of  the  ftPtus,  th«  uterus  contains  within  it« 
cavity,  separated  from  and  now  foreign  to  itself,  the  placenta 
and  memurant's,  the  Utt«r  coiwiBting  of  amnion,  chorion,  ttie 
whole  of  the  remains  of  the  deciiLua  reflexn  and  a  variable  part 
of  the  decidua  vera;  uud,  under  normal  oonditions,  these  are 
by  the  la»t  expul«ive  effort*  ejected  with  or  immediately  after 
or  soon  after  the  child.  As  a  rule  the  membranes  ai-e  ruptured 
and  the  amniotic  fluid  esi'apes  before  the  head  exirurles,  but  at 
times  the  child  ia  Itnrn  still  surrounded  hy  the  intact  mem* 
branes  with  their  contained  fluid;  it  comes  into  the  world  in 
it«  "caul." 

When  the  placenta  and  membranes  have  left  the  uterus 
(they  not  unfrequvntly  aru  lo«lged  for  a  while  in  the  vagina), 
the  tonic  contraction  or  "relraetion"  spoken  of  above,  which 
during  the  whole  of  labour  has  lieen  following  up  the  advance 
of  the  ftetus,  and  progressively  lessening  the  uterine  oavity, 
continues  is  work  and  serves  an  important  purpose.  When  the 
last  pain  of  labour,  hy  which  the  emptied  uterus  is  gathered  up 
into  a  small  hard  IkiII.  pajutos  away,  the  walls  under  normal 
conditions  do  not  wholly  relax,  a  permanent  tonic  eoutraction 
keeps  the  walls  thick  and  in  contact-,  thus  closing  the  uterine 
cavity;  and  over  this  compact  and  closed  uterus  waves  of 
rhythmi»d  contraction,  the  "after-pains,"  still  for  a  while  p«ss 
without  altering  its  permanent  condition.  Ky  this  continued 
contraction  or  retraction,  not  only  the  open,  torn  ends  of  the 
vesaela  of  the  decidua  but  all  the  vessels  throughout  the  thick- 
ness of  the  uterine  walls  are  so  compressed  that  all  cxU'nsive 
bleeding  is  prevented.  Should  this  i^ntiuued  contraction  give 
away  to  relaxation,  hieniorrhuge  or  "flotxiing"  follows.  This 
retraction  or  tonic  contraction,  whatever  l>e  its  exact  nature, 
which  is  ao  conspicuous  in  tlie  ut«rus  hut  which  perhaps  may  be 
recevniied  in  a  lesser  degree  as  mere  ordinary  tonic  contraction 
in  other  rhythmically  contracting  organs,  in  the  bladder,  in  the 
intestine,  and  even  in  the  heart,  appears  to  scr^c  more  than  one 
purpose  in  the  work  of  the  uterus;  by  continually  lessening  the 
uterine  cavity  it  renders  more  eflicient  during  labour  the  rhyth- 
mic uterine  "pains,"  by  compressing  tlie  IiUhxI  vessels  during 
labour  it  gradually  shutM  off  the  extravagant  blood  supply  now 
no  longer  neetled,  and  by  continuing  that  compression  after 
labour  and  by  closing  the  uterine  cavity  it  prevents  hiemorrhage 
and  warda  on  tlie  cvU  effects  which  the  free  entrance  into  the 
uterine  cavity  of  foreign  organimns  might  bring  about.     And 
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prolialilj'  it  is  on  Recount  of  ila  great  usefulness  that  tliis  pi'vulLar 
iorni  of  musiiuUr  activity  '*•  so  prominent  in  the  uterus. 

EvL-n  liofore  labour  proliferation  of  the  epithelioid  cells  maj 
b(!  observed  in  the  lining  membrane  of  the  iiierine  ve&ieLt;  these 
are  rapidly  increased  after  labour  u  compk-tfd.  and  form  part  of 
tiie  healing  processes  whicb  follow.  TIil-  tonic  contraction  of 
which  ve  have  been  spcitkin^j;  is  muiutaiuud  uutil  the  blood 
vessels  lire  pcnuiinently  clothed  by  the^ie  nutritive  healing 
processes.  After  birth  the  muscular  elements  of  tlie  utvrus 
dwindle,  many  of  the  fibres  undergoing  fatty  defeneration,  «nd 
thus  the  mucous  and  muscular  walls  are  gradually  brought 
back  to  their  natural  condition.  During  the  early  days  of  this 
process  of  involution  a.  discliiirf^c,  tJiu  loclua,  tttkeu  place  from 
the  internal  surface  of  the  uterus. 

§  708.  The  whole  prociiss  of  pnrtuHtiun  nuiy  Iw  broadly 
considered  a.-*  a  retlex  net.  the  nervous  oentre  of  which  is  placed 
in  the  lumljar  cord.  In  a  dog.  n'ho.te  thoracic  cord  had  been 
completely  severed,  parturition  took  place  as  usual ;  and  tbe  fact 
that,  in  the  htunan  subject,  labour  will  progress  in  a  natunl 
manner  while  the  patient  is  unconscious  from  the  administra- 
tion of  chloroform,  though  it  is  often  retarded  and  sometimes 
iirrcstcd.  shews  that  in  woman  also  the  contractions  both  of  the 
uterus  and  of  the  abdotniniii  muscles  are  iuvuluulArj-,  however 
much  the  latter  may  lie  iussisted  by  dii'ect  volitionnl  elTorls. 

Observations  on  autmaLs  shew  that  even  in  a  virgin  utiirus 
and  in  one  which  is  not  enlarged  by  pregnancy  movements  can 
be  excited  in  a  reflex  manner  tlirougli  the  central  ncnous 
system  and  may  occur  rhythmically  in  an  apparently  sponta- 
neous manner  ;  but  the  latter  arc  often  absent  or  are  so  .slight 
us  readily  to  escape  observation,  and  the  former  are  often  feeUe 
and  excited  with  ditliciilty.  In  a  pregnant  animal  on  the  otlier 
hand,  especially  if  pregnancy  bo  adviiueed,  powerful  rhythmic 
expulsive  movements  repeatedly  occur  iu  the  apparent  absence 
of  all  extrinsic  stimuli  and  are  very  readilv  provoked  by  the 
stimulation  of  various  afferent  nerves,  l^hey  may  also  be 
induced  by  direct  stimulation  of  the  spinal  cord  at  anv  part 
of  its  wliule  length  us  tvcll  as  of  vanous  regions  of  the  bmin ; 
the  analogy  with  the  movements  of  the  urtnair  bladder  leails 
us  to  supjiosti  that  the  itnptdses  thus  started  in  the  brain 
and  upper  part  of  the  spinal  cord  do  not  pnss  directly  to  the 
uterus  but  throw  into  activity  the  reHejc  centre  in  the  spinal 
eord.  Movements  of  the  uterus  are  readily  exoiunl  when  tbu 
Wood  ceases  to  be  duly  arterialized,  extrusion  of  the  fo-tus 
being  a  common  i-esult  when  a  pregnant  animal  is  asphyxi* 
Bted ;  and  tliough  the  venous  bloud  maj-  act  iu  part  as  a  direct 
Ktimulua  to  the  uterine  muscles  the  contractions  are  mainly  due 
to  the  blood  exciting  the  nervous  centre.  Drugs  such  as  ergxtt 
vhioh  htoTBose  utvrme  contractions  probably  to  like  maoner 
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produce  their  effect  chietly  at  least  throiiKli  tbeir  action  on  the 
nervous  centre.  The  ready  way  in  which  the  ut«rufl  enlarged 
by  pregnancy  responds  by  rvtlL-x  contniclion  to  thu  stitnulation 
of  variouB  afferent  nerves  is  tllustrutvd  Ju  the  humuii  subject 
by  thv  means  usually  mlupted  to  secure  aft«r  tli«  birth  of 
tilt!  child  tluit  continued  contraction  by  which  Iiteniorrha^  is 
Hvotded.  Should  for  any  reason  such  a  contrHction  fail  to  take 
place,  it  niay  be  ttecured  by  applying  cold  or  pressure  to  the 
abdominal  walls  or  by  introiluciug  a  band  or  some  foreign  body 
into  the  vagina,  or.  what  porbapa  best  illustratea  the  reflex 
nature  of  the  matter,  by  upplyinK  the  child  to  the  nipple ;  in 
the  latt«r  case  the  relatively  feeble  afferent  impulses  f;cncnitcd 
in  the  niRmmary  nerves  by  the  sucking  of  the  chdd  are  especially 
pot«nt  in  producing  by  reflex  Action  contraction  of  the  uterine 
mnsi'Icj'. 

§  709.  The  nerves  of  the  uterus  reach  that  organ  chiefly 
along  the  brond  ligament  in  company  with  the  blood  \-es8e!s, 
are  partly  medullatcd,  partly  non-mcduUated.  and  arc  derived 
from  the  pelvic  plexus  lying  between  the  rectum  and  the 
vagina.  The  pelvic  plexus,  on  which  as  also  on  thv  ner\-es 
pikssing  to  the  uterus,  niiiuerons  small  ganglia  are  scattered,  is 
a  continuation  on  cnch  side  of  the  Itody  of  the  niedinlly  placed 
hypogiislric  plexus,  but  it  is  joined  by  branches  coming  directly 
from  the  sacral  nerves.  In  the  lower  animals  (dog)  the  roots 
which  supply  fibres  to  the  uterus  are  on  the  one  hand  the  upper 
lumbar,  wnich  traverse  the  s}-mpathetic  atrand  kuowo  aa  the 
hypogastric  nerve,  and  on  the  other  hand  probably  the  first  and 
second  sacral.  In  the  human  subject  the  corresponding  roots  are 
prolwibly  the  upjwr  lumbar  and  ihiril.  fourth  and  M^cond  sawrai. 

Stimulation,  in  the  dog.  cither  of  the  hypogastric  nerve  or  of 
the  siicral  nerves  prodiiceacontrM-tions  in  the  pregnant  uterus; 
it  is  stated  that  the  mode  of  contraction  is  different  in  the  two 
cases,  in  the  latter  the  longituflinally  disposed  fibres,  in  the 
former  the  circularly  disposed  fibres  being  especially  thrown 
into  action.  Moreover,  it  is  said  that  while  the  fibii-«  passing 
by  the  hypugastrio  ner\'e  are  vasoconstrictor  towatils  tlie 
n'lerine  arteries,  those  passing  by  the  Kacrd  nerves  are  vaso- 
dilator. Other  observers  have  failed  to  obtain  any  such  differ- 
ence between  circular  and  longitudinal  contractions,  and  find 
that  in  some  animals  at  least,  while  contractions  of  the  ut«rtis 
may  be  readily  brought  about  by  stimulation  of  the  sympathetic 
nerves  from  the  lumbar  rvgion,  pasftiug  through  the  hypogastric 
nerves,  contractions  cannot  witn  certainty  he  obtained  by  stim- 
ulating the  sacrul  nerves.  On  thtr  other  hand,  stimulation  of 
the  Siacral  nerves,  of  the  second,  third,  and  sometimes  of  the 
fimt.  readily  producex  movements  of  the  vagina.  It  may  be 
addetl  that  atunulation  of  certain  areas  of  the  cerebral  cortex 
will  givu  rise  to  movements  of  the  utertia  and  of  the  vagina. 
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S  710.  Though  under  norinul  circumstanced  efficten' 
eontnctions  do  not  set  in  unlU  the  full  iMriod  of  get 
canpletM.  yt-t  M-  i-eation  of  cImiigeK  in  the  uterus  or  il 
ti^B,  occurring  from  natural  cnui<«8  or  induced  artitii-ia 
full  S'*'U>K  of  movements  may,  at  almr>9l  any  time,  th 
some  lints  more  readily  than  at  othem.  he  bronKht  altot 
the  other  hand  it  mar  1>e  delayed  for  a  considonu*lv  tima 
tbe  pro^T  term.  Wu  mfty  be  Bsid  to  be  iu  the  dai 
V^T  tfa«  uterus  aftvr  rvmuinine  for  monthi<  subject 
fvtiU  eontnctious.  is  suddtMily  thrown  into  powerful 
CMSt  artkn,  ami  within  il  inuy  bv  h  fvvr  hours  or  even  1 
nd  of  Ik  burden  wliich  it  has  Ixirne  with  such  lolei 
a  time.  None  of  the  vanoiLS  liy|)othc>»es  whi 
pat  forvard  can  be  oonnidered  a»  tux  isfuctor^*. 
II  f  iwtmiii  I  for  the  rievr.  hosed  on  the  oronrrenci.-  of  t 
twas  in  rai»equpno«  of  au  asphyxiated  condition  of  thi 
tkAfctke  ot»et  (if  hibour  lit  caused  by  a  gradual  dimint 
acnmtt  or  atxmnuliition  of  carbonic  acid  in  the  Iduoil.  n 
at  HUt  to  a  climax.  Nor  urv  there  iiuflicient  fact«  to  i 
partiintioo  with  mty  condition  of  the  ovarr  reseiubli] 
aeMH^anying  ineni^tmatinn.  Nor  can  muco  strew  be 
A*  c^woution  that  the  real  exciting  caiwe  is  tbe  sepan 
ttw  (Icieiidua  frtan  the  permanent  uterine  wall,  tbe  sep 
bates  tke  ovtoome  '^^  ^"^  preceding  processes  of  growt 
theaotmlaepanition  itself  soemH  to  be  cause<l  by  the  init 
tnctious  of  labour,  and  the  histological  change-s  which 
it  arv  only  one  sot  of  cliangvs  among  many  others  idl 
iheir  goat  in  hiboar.  Wv  caa  only  say  that  labour  '%»  X 
■iBBkyig  pmnt  of  a  series  of  events,  and  must  come  sa 
limylhOTgh  its  tinraediat«  mivunt  may  ut  times  be  deed 
iMiiaBt ;  but  it  wonld  not  be  protiuihlo  to  discuss  thia  ql 

The  action  of  the  abdominal  muitclos  in  [tartiiritioD. 
so  much  as  takes  place  indet>endently  of  the  \^ill,  is,  in  i 
to  that  of  the  uterine  muscles,  obviously  a  reflex  act  of 
tM«lui*ry  kind  curried  out  by  means  of  the  spinal  cord ; 
May  supiN^i^e  tlint,  thoiii^h  the  mere  contractions  of  the 
May  servf  as  u  postiilile  soti^-e,  the  necvssary  stimulns 
plivd  by  the  pressure  of  the  bi-tus  in  the  vagina ;  in  auji 
Utiitit  may  he  noted  that  the  action  heoomes  much  inU 
K»kiutts  the  end  of  labour  as  the  stress  and  strain  caused 
^haH^-iug  head  tell  more  and  more  on  the  external  skin. 

$  m.  Hence  OS  wo  liave  eotd  the  irh»le  act  of  )iam 
Ml(r  with  rrason  bt^  considered  ws  a  reQes  one.  VNIietht 
v^t*Uy  a  ivdttX  or  in  n  certain  seiiM  an  Hutoiaatie  one. 
MK  tvadily  be  tiikihited  by  other  couleuiporary  actions 
<v«4i«l  uervuu*  svstem.  Tluis  emotions  very  f rcouentlr  I 
AhJadxttMV  to  the  progress  of  parturition ;  a$  is  well 
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tiie  entrance  into  the  bedroom  of  a  stranger  often  causes  for  a 
time  the  sudden  and  absolute  cessationof  'labour'  pains,  which 
previously  may  have  been  even  violent.  Judging  from  the 
analogy  of  micturition,  we  may  suppose  that  this  inhibition  of 
uterine  contractions  is  brought  about  by  an  inhibition  of  the 
centre  in  the  lumbar  cord  leading  to  a  sudden  cessation  of  the 
augmentor  action  of  which  we  spoke  above  as  far  as  the  uterus 
itself  is  concerned,  and  in  a  more  direct  way  to  a  cessation  of 
the  contractions  of  the  abdominal  muscles.  Some  observations 
tend  to  shew  that  a  region  of  the  bulb  exerts  such  an  inhibitory 
influence ;  but  the  matter  needs  fuller  investigation. 


CHAPTER   III. 
THE    PHASES   OF   LIFE. 


§  71S.     Thk  child  bait  at  birth,  on  an  aTerage,  rather  len 
than  one-third  the  maximam  len^h.  and  aboat  one-tvent 
the  maximum  weight,  to  which  in  future  rears  it  will  attua. 

Tlif  composition  of  the  body  of  the  n«w-boni  babe,  as  cob_ 
pared  with  tnat  of  the  a<lull.  will  be  m-vii  frum  the  folU/wing 
table,  in  which  th«  details  are  more  full  than  thoae  givra  ia 
§  413 ;'  the  figures  in  brockeu  are  more  recent  obaemlioa^ 


Kew-tnni  babe. 


Adalt. 


Wt«bt«t 
wtihtkurfi 

tebci 


■28 
14-»4  (L>-28) 
■88 


(5-aS) 
(•7S) 


2-53 


-028 
2-»7  (2-25) 

•48 
6-3 
2-n  (S.05) 

-52   (-49) 

2-84 


(8«)_ 


1-T 

8-7 
12 
12 

13-6(11-05) 
Ifi     (13-1) 

90 


Eye 

Brain 

Kidnevs 

Skin  ' 

Liver 

Hemtt 

Stomach  And  I 

Inteetioe       / 

Langs  2-16 

Skeleton  16-7 

Muscles.  &c.     2-34 

Testicle  -037 


It  will  be  obficrrcd  that  the  brain  aod  eyea  are,  idatntiy 
to  the  wholv  Ixxly-vreighl,  Tery  much  larger  to  tbe  babe  tkaa 
in  the  wiult.  Thi«  disproportion  »  a  rery  aiarked  cmbtroaic 
feature,  and  had  a  mo^Jiological  or  pfayiog«:nic  a«  wdl  aa  a 
physiologifal  or  teleoloeical.  s^vifieaooe.  Imwrnoeh  aa  (be 
smaller  body  has  relatively  tbe  lamrnr&oe,  tbe  ikia  ■•  Batar- 
ally  proportknately  jn^ater  in  the  ntbe ;  bat  tbe  nmm  £qico- 
portion  isofaeerredin  the  kidnevs.  tbeae  like  tbe  okoin 
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in  weight  twelve  titn*^  only  between  birth  and  full  jrro«'th. 
whereas  the  whole  body  iuerciisca  twenty  tiaies.  The  heart 
and  the  liver  iiceording  to  the  newer  obscni'ations  behave  very 
itimiltirly,  uud  even  uocordiiig  to  thv  older  ubservutions  log  con> 
itidera)>ry  beliin<l  the  whole  frnine,  whereiui  tlie  hingit  and  the 
alimentary  eanal  nlninst  exnetly  keeji  pace  with  it,  and  the 
skeletal  framework,  in  spite  of  ito  being  Hpecitieally  lighter  id 
its  earlier  ear tilaj;;! nous  condition.  maintainB  throtighout  life 
very  nearly  the  same  relative  weight.  The  miiseles  on  the 
eontniry  grow  more  than  twiec  as  font  as  the  whole  body;  tho 
great  iiicretwe  in  these  covers  the  relative  <lecre««u  uf  the  other 
parts,  and  it  is  laretdy  by  the  laying  va  of  fletdi  and  fat  that 
the  Iwbe  gains  the  tuilk  of  the  man. 

§  713.  We  usually  nieajture  growth  bv  taking  ac^munt  of 
two  sets  of  changes,  changes  of  stature  and  changes  of  weight ; 
and  we  may  atiiuy  lK>th  these  changes  in  more  than  one  way. 

If  we  measure  the  height  at  intervals  we  may  plot  out  the 
i-urvc  of  growth  of  stature  ,  and  when  we  do  this  wo  find  that 
the  curvt?  rises  rapidly  at  iint  but  afterwards  more  slowly, 
shewing  tlutt  the  iiiorenieiit  is  docrejising,  aud  ut  about  the 
twenty-fifth  year  ceases  to  rwe.  ul  all.  Knim  thence  to  about 
fifty  years  of  age  the  height  i-einains  .stationary,  after  which 
there  may  be  a  decrease,  especially  in  extreme  old  age.  The 
cur\-e  moreover  in  not  regular,  but  indicates  by  its  cluinges 
that  the  increment  of  height  in  a  given  time  ia  now  smaller, 
now  greater. 

The  curve  of  weight  is,  on  the  whole,  at  fintt  very  similar 
to  that  of  height,  rising  in  a  somewhat  similar  way  and  shew- 
ing similar  irregtilantiex;  but  instead  of  ivasing  to  rise  at 
about  the  tweitly-tiflh  year  it  continues  to  rise,  though  marked 
with  many  irregularities,  and  may  eontimie  to  do  so  until  about 
the  fortieth  year.  After  the  sixtieth  year  a  decline  of  variable 
extent  is  generallr  witnessed.  It  should  be  noted  that  in  tho 
first  few  ifays  of  life,  bo  far  from  there  being  an  increase,  there 
is  an  actual  decrease  of  weight,  so  ituit.  even  on  the  seventh 
day  the  weight  still  c()ntinue«  to  be  less  than  at  birth ;  and  a 
similar  post-natal  lo«s  of  weight  i»  observed  in  animals.  If  we 
take  the  curve  of  growth  from  ihe  impregnation  of  the  ovum 
onwards  this  po«t>iiatal  loss  of  weight  will  appear  as  an  abrupt 
change  in  the  eurve  due  tn  the  so  to  speak  \iolent  act  of  birth. 
It  should  lie  S4l()e<]  that  the  curves  both  of  height  and  weight 
exhibit  differences  dependent  on  sex.  circumstances,  race,  cli- 
mate and  the  like. 

We  may  also  study  the  progress  of  growth  by  measuring 
the  increment  of  growth  in  a  given  time,  ut  a  year  for  iustanee. 
and  plotting  out  tJte  curve  of  tlie  yearly  increment.  When  we 
do  this  we  obtain  very  instructive  results.  We  find  tJiat  the 
yearly  increment  decreases  very  rapidly  during  the  first  two 
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or  three  year&.  then  remains  nearly  stfttionHry  or  ev«n  riaes.  and 
at  about  the  st-vciith  or  vii;lilii  year  undergoes  «  marked  ML 
This  fall,  howovcr.  is  temporary  only ;  llie  curve  s«>oii  rwcs 
U)Tttin  and  with  Mome  irrep^ularitie^  attains  a  maximum  iK-lwetrn 
the  twelfth  and  fifteenth  year,  from  which  point  onward»  it  falU 
rapidly  witli  some  minor  irregularitiea.  These  marked  I'aria- 
tioiiR  in  tlie  increment  of  growth  which  are  obviously  connectei) 
with  and  preparatory  to  the  important  chan^  which  we  call 
puberty,  are  se«n  in  the  curves  uoth  of  staturv  and  of  weight, 
the  cJiangtM  in  weight  oocurrin<;  how«vi-r  ntlhtrr  later  than  tboee 
of  stature,  and  both  beiiii;  somewhat  rlifTereiil  in  Ifoys  from  what 
they  are  in  girls.  Both  are  also  influenced  by  the  conditions  of 
life;  but  a  study  of  the  carves  of  growth  of  young  people  liriiig 
under  various  surroondings.  while  it  teaches  the  great  impor- 
tauco  of  properly  administering  to  the  wanta  of  youth,  at  the 
same  time  illustrates  the  recuperative  elasticity  of  the  bodilj 
frame;  it  may  often  be  observed  that  the  Ul  effect«  of  adverse 
circumstances,  provided  tlivy  be  not  too  grcut.  arc  soon  rvcor- 
ered  from  under  the  influence  of  a  Irnppy  change;  food  and 
comfort  will  turn  the  abDormal  ttil  in  the  curve  oi  growth  dl  • 
sUin'ed  waif  into  a  sharp  rise. 

Lastly,  we  may  study  growth  by  observing  the  actual  rate  of 
growth,  by  measuring  the  magnitude  of  the  fraction  of  the  total 
wei(;ht  whivh  is  added  to  the  weight  in  a  given  time  :  we  take 
weight  be^MUsv  this  is  the  most  si^ilicant  element  of  growth. 
When  this  method  is  adopted,  an  examination  of  such  statistics 
as  are  available  with  regard  to  man,  confirmeil  by  tlte  results  of 
careful  observations  on  young  animals,  t«n<U  to  slievr  that  the 
r»te  diminishes  continually  from  birth  onwards,  llie  dimintitioa 
being  rapid  at  first  but  slower  afterwards,  and  being  broken  by 
various  irregularities.  In  other  words,  the  power  of  growtn 
diminishes  continually  though  somewhat  irregularly  throoglioot 
life,  and  a  like  diminution  apparently  obtains  in  intn-nterine 
existence.  It  seems  as  if  the  impetus  of  growth  given  at  tm- 
pregnation  gradually  dies  out. 

§  714.  The  .<ialiva  of  the  babe,  ver>*  scanty  at  first  and  dM 
abundant  until  teething  begintt.  is  active  on  starch  though  len 
so  than  in  the  adult,  and  its  gastric  juice,  unlike  that  of  maay 
new-burn  animals,  bus  good  peptic  powers,  and  its  iianf  ifi 
goo<l  tryptic  powers,  though  apparently  the  paocraatie  actica. 
on  starch  is  feeble.  From  lliis  we  may  infer  that  its  digestive 
processes  are  in  general  identical  witli  that  of  the  adult  though 
Ul  suited  for  any  large  amount  of  starch  in  the  food  ;  and  the; 
are  feeble,  since  the  fieces  of  the  infant  contain  a  copsidetable 
quantity  of  undigested  food  (fat.  casein,  &c.),  as  well  as  on- 
Mlered  bile.pigment,  and  undccompoeed  bile-siUts. 

The  heart  of  tbe  babe,  as  shcn-n  in  the  preceding  Table,  is. 
relatively  to  it«  body-weigbt,  larger  than  the  adult,  and  the 
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fiYqui-ncy  of  the  liourt-betit  tniicli  ttrwiter.  viz,  about  130  or  140 
per  uiiDiite,  fnlliiij;  to  about  110  in  thi*  sn'oiid  yvnr,  uiiil  ubout 
90  iti  the  lentil  ^vear.  CorrcsiJi)»iliiif;io  I  lie  smaller  bulk  of  the 
body.  Ilie  whole  circuit  of  the  hktoil  system  i«  traversed  in  a 
shorter  time  than  in  the  adult  (I'l  oeconda  aa  against  2'2)  ;  and 
consequently  the  renewal  of  the  blood  in  the  tissues  is  ex> 
ceedingly  rapid.  Relatively  to  tlie  body-weight  there  is  also 
considerably  more  blood  in  the  babe  than  in  the  adult.  The 
respitution  of  tlio  babe  is  qiiiclivr  than  that  of  the  adult,  being 
ftt  tirst  ubout  35  per  minute,  falltiif;  to  28  in  the  s(.-coml  year,  to 
26  in  tlie  fifth  year,  and  sto  onwards.  The  roapiratory  work, 
while  it  increases  absolutely  a»  the  body  grows,  is,  relatively  to 
the  body<weigbt,  greatest  in  the  earlier  years.  It  is  worthy  of 
notice,  that  the  absorption  of  oxygen  is  said  to  be  during  these 
earlier  years  relatively  more  active  than  the  production  of  car- 
bonic acid  ;  that  is  to  say,  there  is  a  continued  accumulation  of 
uapital  in  the  form  of  a  store  of  oxygen-holding  explosive  com- 
pounds (cf.  §  280).  This,  indeed!  is  the  strikimg  fcitture  of 
infant  metabolism.  It  is  a  metabolism  directed  largely  to  con* 
etrnctive  ends.  The  food  taken  represents,  muloub'tedly,  so 
much  potential  energy  ;  but  before  that  energy  can  assume  a 
vital  mode,  the  food  most  be  converted  into  tissue;  and.  in  such 
a  conversion,  morphological  and  molecular,  a  large  amount  of 
energy,'  must  be  expended.  The  metabolic  activities  of  the 
infant  are  more  pronounced  thau  those  of  the  adult,  for  the 
«ake,  not  so  much  of  energies  which  are  spent  on  the  world 
without,  as  of  energies  which  are  for  a  while  buried  in  the 
rapidly  increasing  mass  of  flesh.  Thus  the  infant  requires  over 
and  altove  the  wants  of  the  man,  not  only  an  income  of  enei^ 
corresponding  to  the  energy  of  the  flesh  actually  laid  on.  but 
also  an  income  corresponding  to  the  energy  used  up  in  making 
that  living  Hculpturod  Hesh  out  of  the  dead  amorphous  protoids. 
fatji,  carbohydrates  and  salts,  which  serve  as  food.  Over  and 
above  this,  Uie  infant  needs  a  more  rapid  metabolism  to  keep  up 
the  norma)  bodily  temiieraliire.  This,  which  is  no  les8,  indeed 
slightlv  (''{O)  higher,  than  that  of  the  adult,  requires  a  greater 
expenaiture.  inasmuch  as  the  infant  with  its  relatively  far  larger 
aarface,  and  Us  extremely  vascular  skin,  loses  heat  to  a  propor- 
tion»tely  much  greater  degree  tJian  docs  the  grown-up  man.  It 
is  a  matter  of  common  experience  thai  children  are  more  affected 
by  cold  than  are  adults.  The  bmlily  temperature  is  moreover 
less  stable  in  the  infant  than  in  the  adult,  and  departure-s  from 
the  normal  temperature  have  not  the  grave  significance  ibey 
have  in  the  adult. 

Tliia  rapid  metabolism  is  however  not  manifest  immediately 
upon  birth.  During  the  first  few  days,  corresponding  to  the 
loss  of  weight  mentione*!  above,  the  respiratory  activities  of  the 
tissues  are  feeble;  the  vmbiyonic  lutbitv  seem  as  jet  not  to  have 
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heen  completely  th^o^vQ  off,  and,  as  was  stated  in  §  806.  tww- 
born  uuimal))  bvur  with  iiiipuiiity  a  ileprivation  of  oxygen,  wbJcli 
would  be  fatal  to  them  later  on  in  life. 

Associated  probably  with  thette  constructive  labours  of  the 
growing  frame  is  the  prominence  of  the  lymphatic  svAtem. 
Kot  ouly  are  the  lymphatic  glands  largely  develoiied  and  mora 
active  (aa  ia  probiibly  BhcMm  by  their  tendency  to  disease  in 
youth)-  l>ut  tilt!  uiiaiitity  of  lymph  circulation  ix  grcaU'r  than 
in  lat«r  years.  Characten^tic  of  youth  is  the  size  of  t\\e  thymus 
body,  which  increases  up  lo  tlie  second  year,  ami  may  then  re- 
niiiiii  for  a  while  stationary,  but  generally  hefni-e  ]>u))erty  has 
suffered  a  retrogressive  metamorphosis,  so  tliat  very  oft«n  banllr 
a  vestige  of  it  remains  behind.  The  thyroid  body  is  aUo  rela- 
tively greater  in  the  ba)>e  than  in  the  adidt ;  the  spleen,  on  tba 
other  hand,  relatively  to  the  body-weight  Aoe»  not  change 
greatly,  though  rather  smaller  in  ibu  adult.  As  we  have  already 
said  the  recui^erative  power  of  infancy  Htt<)  early  youth  is  very 
iiuirked. 

The  quantity  of  urine  parsed,  though  scanty  in  the  RrsC 
two  days,  rises  rapidly  at  the  end  of  the  first  week,  and  in 
youth  the  quantity  of  urine  paased  is,  reiatively  to  the  body- 
weight,  larger  than  in  adult  life.  This  may  ne.  at  least  in 
quite  early  life,  partly  due  to  the  more  liquid  nature  of  the 
fr)od,  but  is  also  in  part  the  result  of  the  more  active  metabo- 
lism. Fur  not  only  is  the  quantity  of  urine  passed,  but  also 
the  amount  of  urea  and  of  some  other  urinary  constituents 
excreted,  relatively  lo  the  body-weight,  greater  in  the  child 
than  in  the  adalt.  The  presence  of  uric  acid,  of  oxalic  acid, 
and  according  to  some,  of^bippuric  acid  in  unuAuat  quantities 
in  a,  frequent  characteristic  of  the  urine  of  children.  It  is 
stat«d  that  calcic  phosphates,  and  indeed  the  phosphates  gen- 
erally, are  delkicnt,  being  retained  in  the  IxkIv  for  the  building 
Up  of  the  osseouH  skeleton. 

§  715.  It  would  be  beyond  the  scope  of  this  work  to  enter 
into  the  psychical  condition  of  the  babe  or  the  child,  and  oar 
knowledge  of  the  details  of  the  working  of  the  nervous  s> 
in  infancy  is  too  meagre  to  permit  of  any  profitable  diaooasic. 
It  is  hardly  of  use  to  say  that  in  the  young  the  whole  nervoil 
system  is  more  irritable  or  mon-  cxL-itablc  than  it  is  in  lat 
years ;  by  which  we  probably  to  a  great  cxt«nt  mean  that  it 
is  less  rigid,  less  marked  out  into  what,  in  preceding  portion*j 
of  this  work,  we  have  spoken  of  as  nervous  mechanisms, 
new-bom  puppies  and  some  other  animals  stimulation  of  the' 
various  cerebral  areas  docs  not  gi^'e  rise  to  the  usual  kicalized 
movements  ;  these  do  not  appear  until  some  lime  after  binh  i^ 
but  in  this  respect  diffirenees  arc  oljscrved  in  different  kinds  ol 
animals  corresp<iiidiiig  to  ilie  well-known  diltcrencts  betwcel 
different  kinds  of  animals  in  the  powers  possewe*!  at  birth  i^ 
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the  Luiiimi  Itfili^  aj«  regarits  the  tattpr  in  int^rmediatt?  I>etween 
llic  )>iip|>y  aiif)  tht!  young  guinea-pig.  An  we  have  fleen,  th« 
fihrett  of  Uie  variouo  tracts  in  the  central  nervoua  nysteni  ao* 
quire  their  medulla  at  (Uffeniot  upochs ;  there  is  exj>erimental 
6%-idence  in  support  of  the  view,  otlicrwisu  probable,  that  the 
aflHuniption  of  functional  activity  follows  in  the  snmf  order ; 
and  tliv  pyrumidul  tfiiot  is  as  we  have  si^en  the  oni-  in  which 
the  (ibre»  nre  very  late  in  a<!quiring  their  mednlht.  It  ha« 
been  a«Hertei)  that  in  a  new-born  animal  Rtiniulaliou  of  the 
Villus  produces  no  cardiac  inhibition  and  that  thi»  doeo  not 
appear  for  several  days ;  other  observers  however  have  ob- 
tained positive  results  and  that  even  in  the  uterus ;  probably 
ill  this  respeft  also  auiuials  differ.  In  the  human  infant  the 
seimu  of  touch,  both  a»  regards  pressure  and  temperature, 
appears  well  developed,  us  does  mIso  the  teofv-  of  taat«<  and 
possibly,  though  iliU  is  disputed,  lliat  of  snicll.  The  pupil 
(larger  in  the  infant  tlian  in  the  man)  at.'t«  fully,  and  normal 
binocular  movements  of  the  eyes  have  been  observed  in  an 
infant  less  than  an  hour  old.  The  eye  is  from  the  outset 
fully  sensitive  to  light,  though  of  course  visual  perceptions  are 
imperfect.  Auditory  svnsationa  on  the  othi-r  hand,  seem  to 
be  dull,  tltough  not  \iliolly  alueiit,  during  the  tirst  few  days  of 
life  :  this  may  be  partly  at  least  due  to  alinenoe  of  air  from  ihu 
tymiminiui  and  to  a  tumid  condition  of  the  tympanic  mucous 
membrane.  As  tlie  child  grows  up  his  senses  sliar[>en  with 
constant  exercise,  and  in  his  early  years  he  ]>ossesaes  a  general 
acuteness  of  sight,  hearing,  and  touch,  which  frequently  lie- 
comes  blunted  as  his  psychical  life  becomes  fuller.  Children 
however  are  said  to  be  lc«s  apt  at  distinguishing  colours  than 
in  sighting  objects  ;  but  it  does  not  apjK-ur  whether  this  arises 
from  a  want  of  peri-eptivc  discrimination  or  from  their  being 
actually  less  seusitive  to  variations  in  hue.  A  charnoteristic 
of  the  nervous  aystein  in  childhood,  the  result  probably  of  the 
more  active  metabolism  of  the  body,  is  the  aeceosity  for  long  or 
frequent  and  deep  slumber. 

>i  716.  Dentition  marks  the  first  epoch  of  the  new  life.  .\t 
about  seven  months  the  two  central  incisors  of  the  lower  jaw 
make  thetr  way  through  the  gum,  followed  immediately  by  the 
corresponding  teeth  in  the  up]>er  jaw.  T)i«  lateral  incisors, 
tirttt  of  the  lower  and  then  of  the  upper  jaw,  apjtear  at  about 
the  ninth  month,  the  first  molars  at  atmut  the  twelfth  month, 
the  canines  at  almut  a  year  and  a  half,  and  the  temporary  den- 
tition is  completed  by  the  appearance  of  the  second  molars 
usually  befoi-e  llio  end  of  the  second  year. 

About  the  sixth  year  the  pcrmunent  dentition  commences 
by  the  appeuruncv  of  the  fintl  permanent  molar  beyond  the 
aeoond  temporary  molar ;  in  the  seventh  year  the  central  pvr- 
raanent   incisors  replace  tlieir  temporary  representatives,  fot- 
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lowed  Lq  the  next  year  by  the  Inters]  incisors.     In  the  ninth 

year  the  temi)omry  tirst  molars  are  replaced  by  ihe  first  bi- 
4-ii.'<picU.  and  iii  the  tenth  year  the  second  temporary'  molars  an 
similarly  repla<;ed  by  the  second  bicuspids.  The  canines  az« 
exchanged  about  the  eleventh  or  twelfth  year,  and  the  second 
permanent  molars  are  cut  about  the  tn'clfth  or  thirteenth 
year.  Thert;  is  then  a  long  patuH;,  the  third  or  wisdom  tooth 
not  inakiuf^  it«  appearance  till  the^i-vt-nteenth.  orcren  twentjr- 
tifth  yt-iir,  or  in  ^uiiie  cit»es  not  ap{>i-»nng  hi  mU. 

g  717.  Sburlly  after  the  oonihiaion  of  tlie  permaiwnt  den- 
tition (the  wisdom  teeth  excepted^  the  occurrence  of  puberty 
marks  the  beginning  of  a  new  phase  of  life;  and  the  difrereuee 
between  the  sexes,  hitherto  merely  potential,  now  becomes  ftme- 
ttonal.  In  both  sexes  the  maturation  of  the  generative  organs 
is  accompanied  by  the  well-known  changes  in  the  body  at  targe ; 
but  thi-  vvt.-nts  arc  much  more  ob\'ious  in  tlie  tj'pical  female  than 
in  the  u!>crrant  male.  Though  in  the  boy.  tUv  briL-akin<;  of  the 
voice  and  the  nipid  gi-owth  of  the  Iwanl  wbidi  accompany  the 
appearance  of  active  spermatozoa,  are  striking  features  yet  they 
are  after  all  superticial ;  and  though,  as  we  Tiave  seen  (|  713>, 
the  curves  of  liis  increasing  weight  and  height  undergo  before 
and  at  this  period,  characteristic  variations,  the  general  event* 
of  his  economy  pursue  for  a  while  longer  an  unchanged  coorae ; 
the  bf>y  does  not  become  a  man  till  sume  years  after  puberty; 
and  the  det^line  of  his  ftinctioiiid  manhood  is  so  grauoal  that 
frequently  it  ceases  only  when  di^eoKC  puts  au  end  to  n  ripe  old 
age.  With  the  occurrence  of  mensitr nation,  on  the  other  hand, 
at  from  thirteen  to  seventeen  years  of  a^e:,  aiihseqnenl  to  the 
a<:eeleration  of  growth  noted  above  §  713,  whieh  indeed  appear» 
preparatory  to  it,  the  girl  almost  at  once  becomes  a  woman,  and 
her  functional  womanhood  ceases  suddenly  at  tlie  climacieric  in 
the  fifth  decennium.  During  the  whole  of  the  ehild-bearing 
pcrio<l  her  organii«m  i^  in  a  oomparutiveiy  stationary  condition. 
The  variations  in  the  yearly  increment  of  the  girl  before  puberty 
though  not  so  marked  are  more  comjilex  than  tho«e  of  the 
hoy,  and  she  reaches  the  maximum  of  yearly  increment  cooner 
than  does  he ;  during  this  whole  period  indeed  she  precedes 
him  in  growth  and  she  has  nearly  reached  her  maximum,  while 
he  is  still  continuing  to  grow.  Her  curve  of  weight  from  ibe 
nineteenth  year  onward  to  the  climucturie.  remains  stationary', 
being  followed  subsequently  by  u  late  increase,  so  tliat  wlulo 
the  man  reaches  his  maximum  of  weight  at  about  forty,  ttte 
woman  is  at  her  greatest  weight  almiit  fifty. 

Of  the  statical  differences  of  sex,  some,  such  as  the  formation 
of  the  |>elvis,  and  (he  costal  mechanism  of  respiration,  are  di- 
rectly connected  with  the  act  of  child-bearing,  while  others 
have  only  an  indirect  relation  to  that  duly;  and  indications  at 
least  of  nearly  all  the  chai-acteristic  differences  are  seen  at  birth. 
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The-  bitby  boy  i>  hwviflr  itnd  tnller  than  th<>  baby  girl,  and  the 
miiiilrii  uf  five  lH«Atlie8  with  her  ribn  in  thv  Hitiii-  wuy  as  dous 
the  matron  of  forty.  Tin*  woniiin  is  lightvr  und  xhortvr  thua 
the  man,  the  iimilj*  in  llie  I'Jute  of  tho  fomier  l>eiiig  from  I  ■44-4 
t»  1  -740  metreK  of  height  and  from  HO-8  to  1)8-8  kilot*  of  weight, 
in  the  latter  from  1  -W7  to  1  -HyO  of  height,  and  from  49'1  t« 
98-5  ItiloB  of  weight.  The  muscular  syslt'ra  and  skeleton  are 
both  nbsolutctly  and  relatively  less  in  woman,  and  her  brain  is 
lighter  and  smaller  than  that  of  miin.  being  almnt  1.72  grammes 
tu  14'^.  Hvr  metubolisni,  an  measuriHl  by  the  ruspiratory  and 
nrinnry  excrota,  la  iiUu  not  only  iibsolutt-ly  but  relatively  tu 
the  IxKly-weight  less,  and  her  blood  is  not  only  less  iii  quantity 
but  also  of  lighter  Hpecilic  gravity  and  contains  a  smaller  jiro- 
portion  of  n>d  corpuscles.  Her  fttrength  is  to  that  of  man  as 
aliout  5  to  !■,  and  the  relative  length  of  her  step  as  1000  to 
1157. 

§  718.  From  birth  onward  (and  indeed  from  early  intra- 
uterine life)  the  increment  of  growth  as  wl>  have  sevn,  though 
undergoing  cvrtain  variations,  eontinuea  to  diminish.  At  last 
a  point  is  reached  at  which  the  curve  cuts  the  absciss«i  line,  and 
the  increment  becomes  a  deci-ement.  After  the  culmination  of 
manhood  at  forty  and  of  womanhood  at  the  rlimacteric,  the 
prime  of  life  declines  into  old  age.  The  metabolic  activity  of 
tlie  ImkIv,  which  at  first  was  sufhtnent  not  only  to  cover  the 
daily  wast4)  but  to  add  new  material,  later  on  is  able  only  to 
meet  the  daily  wants,  arul  at  last  ia  loo  imporfvet  cv«n  t«  sus- 
t^tin  in  its  entirety  tlie  existing  frame.  NeiOier  as  regariht 
vigour  and  functional  capacity,  nor  us  reganis  weight  and 
bulk,  do  the  tuming-jioints  of  the  several  tiitsues  and  organs 
coincide  either  with  each  other  or  with  that  of  the  body  at 
large.  We  have  already  seen  that  the  life  of  such  an  organ  aa 
the  th)-muB  ia  far  shorter  than  that  of  its  possessor.  The  eye 
is  iit  its  dioptric  prime  in  childhood,  when  its  mvdia  are  clearest 
and  its  muscular  mechanisms  most;  mobile,  and  then  it  for  the 
most  part  serves  as  w  toy  ;  in  later  years,  when  it  could  be  of 
the  greatest  service  to  a  still  active  brain,  it  has  already  fallen 
into  a  cloudeil  and  rigid  old  age.  The  skeleton  reaches  its 
limit  very  nearly  at  the  «ame  time  as  the  whole  frame  reaches 
its  maximum  of  height,  the  coalescence  of  the  various  epiphyses 
being  prettj*  well  completed  by  about  the  twenty-fifth  year. 
Similany  the  musciilar  system  in  its  increase  tallies  with  the 
weight  of  the  whole  body.  The  brain,  in  spile  of  the  increaa- 
ing  i-t^implcxity  of  structure  ami  function  to  which  it  continues 
1o  attain  even  in  middle  life,  early  reaches  its  limit  of  bulk  und 
weight.  At  al>ont  seven  yenrs  of  age  it  attaiiLs  what  may  l)e 
considered  as  its  first  limit,  for  though  it  may  increase  some* 
what  up  to  twenty,  thirty,  or  even  later  years,  its  progresa  U 
much  more  slow  after  than  before  seven.     The  vascular  and 
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4lgeBtive  organs  as  a  whole  may  continuo  to  increflse  even  t 
a  very  late  period.     From  tlit'so  fnct«  it  is  oliviotis  that  tliousli 
the  pnenomcnii  of  old  ft<tf  art',  lit  bottom,  the  riwult  of  thi-  indi- 
vidual dt'L-lini.'  iif  tiiu  strvt-ral  lijutUri*,  lliey  i>w«  niuuy  ot  tlivir  fea- 
tures to  the  ilisarrangeineiit  of  the  whole  orgamsm  produced  by 
the  pveumture  tiei*ay  or  dieappearaiice  of  one  or  other  of  tha_ 
constituent  bodily  factors.     Thus,  for  instance,  it  is  clear  thaHfl 
were  there  no  natural  intrinfiic  limit  to  the  life  ot  the  muscular 
and  nfrvous  syatemB.  they  would  m.-vcrthck-as  come  to  au  end 
in  consoqucQci;  of  the  luitritivc  diHturbiint-cs  caused  by  the  loss 
of  the  teeth.     And  what  i»  line  uf  the  teeth  i*  pmliubly  true  of 
many  other  orf^aiiet,  with  the  iulilition  that  theMj  cannot,  like  ih^f 
teeth,  he  repliieed  hy  mechanical  eonii-ivances.     Thus  the  term' 
of  life  which  is  allotted  to  a  muacle  by  virtue  of  its  molecular 
constitution,  and  which   it  could  not  exceed  were  it   nlwavA 
placed  under  the  most  favourable  nutritive  conditions,  is,  in 
the  or<pvnism.  further  shortened   by  the  similar  lift— U,Tms  of 
other  tissues ;  the  future  decline  of  (he  bnun  is  probably  in- 
volved in  the  early  decay  of  the  thymus. 

Two  chanKCH  characteristic  of  old  age  are  the  so-oalled  cal- 
careous and  mtty  degenerations.  These  are  seen  in  a  com- 
E lately  typical  form  in  cartilage,  as.  for  instance,  in  the  ribs ; 
ere  ttic  ccll-substance  of  the  cartilage  corpuscle  I>ccomcs  hardly 
more  than  an  envelope  of  fat  globules,  and  the  supple  matrix 
is  rendered  rigid  with  aniorphoils  de[io^ls  of  eulcic  phosphate* 
and  earbnnates.  which  are  at  the  Hame  time  the  signs  of  past 
and  the  cause  of  future  nutritive  decline.  And  what  is  obvioiu 
in  the  case  of  cartilage  'ut  more  or  lesa  evident  in  other  tissues. 
Everywhere  we  soe  a  disposition  on  the  part  of  the  living  sub- 
stance of  tlic  tissue  to  full  biick  upon  the  easier  task  of  forming' 
fat  rather  than  to  carry  on  the  more  arduous  duty  of  manu- 
facturing new  material  like  il'Self;  everywhere  almost  we  see 
a  tendency  to  tlie  replacement  of  a  structured  matrix  by  a 
deposit  of  amorphous  material.  In  no  part  of  the  system  is 
this  mora  evident  than  iu  the  arteries;  one  common  featnre  of 
old  age  is  the  conversion  by  .tuch  a  change  of  the  supple  elastic 
tubes  into  rigid  channels,  whereby  the  supply  to  the  various 
tissues  of  nutritive  material  is  rendered  increasingly  mora 
dilHcult.  and  their  intrinsic  decay  proportionately  hurried. 

Of  the  variou!^  tisKuei*  of  the  body  the  muwulur  and  ner* 
vouN  are  however  thase  in  which  functional  decline,  if  not 
.structural  decay,  Itecomes  soonest  appHrenl.  'I' he  dynamia 
coellicient  of  the  skeletal  muscles  dimini.-?;h«-s  rapiiUy  after 
thirty  or  forty  years  of  life,  and  a  similar  want  of  power  cornea 
over  the  plain  muscidar  Hbros  also;  the  heart,  though  it  may 
not  diminish,  or  even  may  still  increase  in  neight,  possesMA 
lew  and  lesa  foi-ce.  and  the  rnovemenu  of  the  iuu-«(iuc,  bladder, 
and  other  organs,  diminish  in  vigour.     In  the  nervous  s}~st«: 
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tlic  1ine8  of  resistance,  wliii-li,  iis  w  hnve  ecvn,  help  to  map  out 
the  central  or^ns  into  invctmiiisins,  and  so  to  iirouuoe  its  mul- 
tifarious actions,  become  nt  last  hindrances  to  the  piiKMUfrQ  of 
nervous  iniptiliies  in  any  direction,  while  at  the  nune  time  the 
moleculur  energy  of  the  impulnes  theniselvca  becomes  less.  The 
eye  become:*  ffelile.  not  only  from  cloudiness  of  the  media  and 
presbyopic  niUBcular  inability,  but  also  from  the  very  bluntnefls 
of  the  retina ;  the  seusory  and  motor  impid>ies  pass  with 
inereAsing  slowness  to  and  from  the  central  nervous  system, 
and  the  bruin  becomes  a  more  and  more  rigid  masa  of  nervous 
substance,  the  molecular  lines  of  which  rather  mark  the  history 
of  jmst  actions  than  ser\'e  ns  indications  of  present  potency. 
The  epithelial  glandular  elements  seem  to  be  those  whose 
powers  are  the  longest  preserved ;  and  hence  the  man  who  in 
ibc  prime  of  his  nmuhuod  was  a  *  martyr  to  dys]K-psia '  by 
roason  of  the  seiutiliveness  ot  gastric  nerves  and  the  reilex 
inhibitory  and  other  reKult«  of  their  irritation,  in  IiIj^  later  years, 
when  hU  nervea  are  blunted,  and  when  therefore  his  ^leptio  cells 
are  able  to  pursue  their  chemical  work  undistiu'bed  by  extrinsic 
nervous  worries,  eats  and  drinks  with  the  courage  and  auooew 
of  a  Imv. 

§  719.  Within  the  ranj^e  of  a  lifetime  are  comprised  many 
periods  of  u  more  or  less  frequent  n-currenee.  In  spite  of  the 
aids  of  a  complex  civilization,  nil  tending  to  render  the  condi- 
tions of  his  life  more  and  more  cqtwble,  man  still  shews  in  his 
economy  the  effects  of  the  seasons.  The  birth-rate  for  instance 
ahews  an  increase  in  winter,  and  most  pefiple  gain  weight  in 
winter  and  lose  weight  in  summer.  Careful  observations  of 
school  ehildroa  shew  that  tlieso  increase  in  length  rapidly  in 
the  spring  but  liardly  at  all  in  tbe  autumn,  and  very  slowly  in 
the  wiut^^r,  while  their  increase  in  weight  ts  most  marked  in  tbe 
mitumn,  being  verj-  slight  or  even  negative  in  the  spring,  and 
not  great  in  winter.  Some  of  these  apjiarcnt  effect*  of  the 
season  are  the  direct  n^ults  of  van,'ing  temperature,  but  some 
probably  are  habits  acquired  by  descent,  and  in  some  again  the 
connection  is  a  very  indirect  or  possibly  not  a  real  one.  Within 
the  year,  an  approximately  monthly  [wriod  is  manifested  in  the 
female  by  menstruation,  thougli  there  is  no  exact  evidence  of 
even  a  latent  similar  cycle  in  the  male.  The  pbeiiomcna  of 
recurrent  diaoases,  and  the  markod  critical  days  of  many  other 
maladies,  may  l»e  regarded  as  iK>inting  to  cycle*  of  smaller 
duration  than  that  of  the  moon's  revolution,  save  in  the  cases 
in  which  the  recurrence  is  to  l>e  attributed  rather  to  periodical 
phaaes  in  the  disease-producing  germ  itself,  than  to  variaticms 
in  the  medium  of  the  disease. 

§  TSO.  Prominent  among  all  otiicr  cyclical  events  is  the 
rhythmic  rise  and  fall  in  the  activities  of  tlte  central  nervous 
system ;  most  animalit  ]KM«essing  a  well-developed  nervous  sys- 
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tvn),  iiMi!«t,  ni^ht  nfler  niglit.  or  day  after  day.  or  at  leaat  tit 
afU^r  time,  lay  them  ilown  to  sleep.  The  salient  feature 
sleep  is  the  cessation  or  cxtrcint!  lowfriup  of  the  psvchicf 
activity  of  the  brain  and  of  the  nurvoiis  prtK:e«»i.--s  w1iii;h  stTTe 
iiH  the  liasis  of  thttt  Hctivity-  Whvii  slet<p  is  at  i1«  htri^jht.  tbe 
affercut  nurvuuH  iiiipiiU«s  whiiih  external  u^ent*  »il  R^^ttn  in 
the  nITerent  »rjm»tic  nerves  snch  as;  llio»e  of  the  special  k«ii«<m, 
lire  tio  longer  the  starting  pnints  of  complex  cerehral  proceasce; 
not  only  do  they  fail  to  excite  consciousness  and  to  leave  their 
mark  on  uieinory.  hut  they  may  1w  onaldc  to  call  [arth  even  a 
simple  reflex  movement.  Aad  vet  they  arc  not  wholly  without 
effeol;  for  though  a  set  of  f«eble  afferent  impulses  may  pro- 
duce no  vi.tiblu  rear-lion  and  leave  no  impression  on  the  mind  of 
the  sleeper,  yet  ini]>nli<eK  of  the  same  kind,  if  made  sttron^r  iii 
proportion  to  the  depth  of  the  sleep,  may  be  followed  by  thtiq 
wonted  cerehral  tronsequences,  and  may  thus  awake,  a«  we  sa] 
the  sleeper.  It  would  seem  iis  if  the  afferent  imptUses  met 
their  course  with  an  miwouted  rusistuncu  to  their  pro^essL 
if  the  whrn-ls  of  the  eerehral  inaeliiuvry  worked  stiQIy  so  thai 
the  lei<ser  shocks  of  uiuleeular  change  which  utliorwiiM)  wou 
have  moved  Ihcni,  were  broken  and  wasted  upon  tlieni.  O 
responding  to  thia  block  or  lessened  inroad  of  afferent  impul 
the  outflow  of  efferent  impulses  is  stopped  or  largely  diiut 
iabed;  the  boily  gives  no  sign  of  the  working  of  a  oonscioiu 
will,  the  eyelids  drop  and  the  lK*ad  nods,  and  the  various  actioit 
by  which  the  erect  jxtsture  is  maiutuined  are  let  go  for  lack 
the  governing  motor  iiupidses.  And  psychological  Mvlf-inqt 
tells  UK  tJiat  in  complete  sleep  this  ah!<enee  of  outward  sifrns  of 
cerebral  activity  lias  its  fellow  in  the  absence  of  inwanl  marks ; 
the  interval  between  falling  asleep  and  awakening  is  a  blank 
and  gap  in  the  history  of  the  mina. 

We  say  •eom])let«  sleep' since  there  are  mnnv  degrees  o^— 
sleep,  the  state  which  wc  call  that  of  dreJiming  being  one  t^M 
them ;    and  between  the  most  perfect  wide-awukefulnesa  ait^' 
that  deepest  slumber  which  refuses  for  a  li>ng  time  to  give  way 
before  even  the  strongeat  stimuli,  no  clear  line  of  deniarc.ition 
can  be  drawn.     When  we  fall  asleep  the  tie  Iwtween  'ours^dvcs' 
and  tlie  external  world  is  not  suddenly  snapped,  we  do  nut  by 
otie  step  pass  from  consciousness  to  unconsciousness :  and  thV 
same  when  conversely  we  awake,  as  the  world  vanishes  fnim 
us  or  conies  back  to  us,  tlie  alTerent  impulses  of  sight,  of  soua\ 
and  of  other  kinds,  for  a  period  which  may  be  brief  but  aln-aj 
exists,  proiluee,  before  they  cease  or  Iwgin  ajijintcixbly  to  aSc 
us  at  all.  eftectj*  in  ascending  or  descending  i«~ale  which  wc 
unreal.     And  the  outward  signs  of  sleep  may  vary  from  one  in 
which  volition  is  present  and  even  dominant,  to  one  in  which  even 
the  simplest  reflex  movements  of  the  skeletal  muscles  are  with 
diHiculty  evoked,  and  the  mainleoancu  of  some  skeloUil  tone 
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(§  470)  ftii<}  of  lirfulliinn  uffiH-d,  so  far  as  thv  skelv-tnl  muiw-K's 
are  roiiceriied,  almiwl  llie  only  Uiken  that  tlie  cviilrul  iiervoiis 
syatem  b  alive.  Hut  we  cannot  ent«r  liere  into  itie  jusychology 
of  aleep  and  divaDW. 

TIioukIi  thf  plivnoniena  of  sleep  ate  largely  confined  to  the 
ci'ntrui  iicrvous  systviii  and  wsiici'iiilly  to  the  cvri'tirnl  hemi- 
[liicres.  llw  wlmlf  IiimIv  Mliart*M  Jri  tin*  conditiori.  Tht-  puhsv  and 
breathing  are  slower,  the  intestine,  the  hlailder,  lunt  othi-r  in- 
ternal itiuseiilar  mecliftnisms  are  more  or  le^s  at  rt-sl,  and  the 
secreting  organs  are  leas  active,  some  apfiarently  tieing  wholly 
quiescent ;  tne  secretion  of  mucus  attending  a  naaal  catarrh  is 
lar<:;L'ly  diminished  during  slumher.  and  the  sleeper  on  waking 
nibs  his  vyi's  to  bring  back  to  hiu  conjunctiva  its  ncvdud  moist- 
ure. The  output  of  eiirlxtnic  acid,  and  the  intake  of  oxygcu, 
e!i|teiuaUy  the  former,  i.s  lesM^nol :  the  iiriuv  ii«  les.1  abundiint. 
and  the  nrea  falln.  Indeed  the  M'hole  inelaltoli^m  and  the  de- 
pendent temperature  of  the  l>ody  are  lowered ;  but  we  cannot 
say  at  preaent  how  far  these  are  the  indirect  results  of  the  ron- 
dition  of  the  nervous  system,  or  Iiow  far  they  indicate  a  partial 
slumlmring  of  the  scvorid  tissues, 

I'horacic  respiration  is  said  to  beconie  more  prominent  thiia 
dinphrugmntic  respiration  during  kK^;).  and  a  riw  and  full  of 
the  rettpiratory  movement*,  rejteinbling  if  not  i<leutical  with  the 
Cheyne-Stokci*  rhythm  of  respiration  (§  ftO.S).  ia  fnMjuently 
obser%'ed.  During  sleep  the  niipil  is  constricted,  during  deep 
sleep  exceetlingly  so;  and  dilation,  often  unaecom|>anied  by 
any  visible  movements  of  the  limbs  or  body,  takes  place  when 
any  scuititive  surface  is  stimulated  ;  on  awaking  also  tlie  pupils 
dilate.  The  eyeballs  have  been  genenilly  descrilK*d  uh  lieing 
during  alecp  directed  tipwards  and  converging,  or  acconling  lo 
8ome  authoTH,  diverging;  but  otheni  maintain  that  in  trnealeep 
the  visual  axea  are  |iarallel  and  directed  lo  the  far  distance. 
The  eyes  of  children  have  lieen  described  iw  continually  execut- 
ing during  sleep  movements,  often  irregidur  and  nnsyiii  metrical 
and  uuaeoompatiied  by  ehangcs  iti  the  pupils.  1*1)1*  contraction 
of  the  pupils  is  worthy  of  uotice,  since  it  shews  that  the  condi- 
tion of  sleep  \»  not  merely  the  siuiple  and  direct  result  of  tlie 
falling  away  of  afferent  impulses  ;  when  the  evea  are  closed  in 
slumber  the  pnpila  ought,  since  the  retina  is  then  quiescent,  to 
dilate;  that  they  are  constricted,  the  more  so  the  dcvper  the 
sh^-p.  shews  that  important  actions  in  (he  brain,  probably  in 
llie  middle  jMirtions  of  the  brain,  are  taking  place. 

\Vc  arc  not  at  pnwcnt  in  a  |>o»itiun  to  trace  out  the  events 
which  culiniuale  in  this  inactivity  of  the  eerchral  structnres. 
Tlie  analngies  between  ordinary  sleep  and  winter  sleep  or 
hibernation  are  probably  real ;  the  chief  difTerenco  ap]>earB  to 
be  that  in  tlie  tatter  the  diminished  acliritv  is  due  to  an  ex- 
trinsic cauae,  cold,  and  in  the  former  to  mtrinsic  cause*,  to 
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changes  in  t>ie  nrfianisin  itself;  but  we  saw  in- treating-  of 
hibernation,  that  iiitriiimc  rhangen  prepared  th<t  wav  for  the 
action  of  Qxteriuil  cold.  It  liaa  been  urged  that  during  sW-p 
tlio  brain  i«  aiia?niiL',  und  thoujjh  obHcrviitions  bare  yielded  coii- 
fiictlug  rcKiUtfl.  the  uvidciicu  Kcunis  ti>  be  in  fuvour  of  this  view ; 
but  even  if  thin  uiiu.*ini<i  i»  a  curiKtiiiit  avuuinpauiinvut  of  sleep, 
it  inut«t,  like  tite  vaseiiliLi-  condition  of  a  g]an<I  or  any  other 
active  organ,  be  legivrded  lui  an  effect,  or  at  least  a.'tniiinlwidiiir^' 
event,  rather  than  as  a  primary  cau.se.  Nor  can  the  view  which 
rogiirds  wlftip  aa  tliu  rt'suU  of  a  chungo  in  the  mechanical  nr- 
rungetoL-nts  of  tliL^  <^iriuiial  (.-ircuhitiou,  xuL-h  as  eithi'i-  a  ret.irda- 
tion  or  Hoculunilion  of  the  vttuuus  outllow,  be  cousidvrcd  as 
8ntIt!factory.  Tlie  uNMfni;i!  of  the  condition  l»  rather  to  In;  sought 
in  purely  tnolecular  changes,  though  we  cannot,  however,  at 
present  make  any  definite  statements  concerning  the  nature  of 
these  molecular  changes. 

TliL'  phcuomcna  of  sk-cp  shew  very  cleurly  to  how  large  an 
(ixtuiit  111!  iipjiaront  automatism  is  the  ultituatv  outcome  of  the 
elTuctM  of  antucedcnt  »ilimulalion.  When  wv  wish  to  go  to  sleep 
we  Avithdi-aw  our  automatic  bmin  an  much  as  ifussible  from  the 
influence  of  all  extrintiie  stimuli.  We  lie  down  in  order  to 
relieve  the  eliL-letal  muscles  and  indeed  the  heart  too  from  the 
labour  entailed  by  the  erect  postuiT;  we  put  off  the  tight  gar- 
ments which  continually  spur  the  skin;  wc  empty  the  bladder 
to  avoid  the  xtiniuhiK  of  its  disti^'niiiiini  and  wc  choose  for  sleep 
the  night  and  a  ipiiet  place,  drawuig  the  curtains,  in  order 
that  our  eyes  may  be  withilrawn  from  light  and  our  earn  from 
sounds.  In  this  connectinn  may  be  (]Uot«Ml  the  inten^tiug  casv 
which  is  recorded  of  a  lad  whose  aensorv  tie  with  the  external 
world  WHS,  from  a  complicated  ameatnesia,  limited  to  that 
afforded  by  a  single  eye  and  a  single  car;  the  lad  could  be 
sent  to  sleep  nt  will,  by  closing  the  eye  and  stopping  the  ear. 

§  721.  The  cycle  of  the  day  is  however  manifested  in  many 
other  ways  tlian  by  the  alternation  of  sltv])iiig  and  wukiog. 
with  all  the  indirect  effects  of  these  two  contliliotu.  'I'tiere  is 
a  diurnal  curve  of  temperature,  apparently  independent  of  all 
immediate  circumBtances.  the  hereditary  impress  of  a  long  and 
ancient  soquenee  of  dayx  and  nights.  Even  the  pulse,  so  t«en- 
sitive  to  uU  Ijodily  changes,  shews,  running  through  all  the 
immediate  effects  of  the  elmnges  of  the  minute  and  the  hour. 
Che  working  of  a  diurnal  influence  which  cannot  be-  accounted 
for  by  waking  and  sleeping,  by  working  and  re«tiug,  by  tucaU 
and  abstinence  between  meals.  And  the  .same  may  Iw  paid 
couuuruing  the  rhythm  of  respiration,  and  the  products  of  pul* 
monary,  culaueouM  and  urinary  eteretion.  There  seems  lo  be 
a  daily  curve  of  bodily  metabolism,  which  is  not  the  product 
of  the  day'.s  events.  Within  the  day  we  haw  the  narrower 
rhythm  ol  the  respiratory  centre  with  the  accompanying  ri«e 
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and  fall  of  activity  in  the  vaso-motor  centres.  And  Instly, 
there  stands  out  the  fundamental  fact  of  all  bodily  periodicity, 
tliat  alternation  of  the  heart's  systole  and  diastole  which  ceases 
only  at  death.  Thoueb,  aa  we  nave  seen,  the  intermittent  flow 
in  the  arteries  is  toned  down  in  the  capillaries  to  an  aiiparently 
continuous  Qow,  still  the  constantly  repeated  cycle  of  the  cardiac 
shuttle  must  leave  its  mark  throughout  tlie  whole  web  of  the 
body's  life.  <Jur  means  of  investigation  are,  however,  still  too 
gross  to  permit  us  to  track  out  its  inBuence. 


CHAFfER  IV. 


DEATH. 


§  722.  When  the  atiitoal  kingdom  is  surveyed  from  a 
broad  standpoint,  it  bL-comus  obvious  lliiit  tho  ovum,  or  its  cor- 
relative the  Kpcrmiituzouii,  in  thu  ffMi\  uf  nn  individual  uxiatence; 
thut  life  is  fi  uyulu  be^inuijif;  in  an  ovum  uml  comiug  round  to 
an  ovum  iigaiii.  Tin;  gi*at«r  part  of  the  actions  which,  looking 
frniii  a  ni^ar  jmiiit  of  view  at  the  higher  aiiiniaU  alone,  we  are 
a\tt  to  consider  as  eminently  the  purposes  for  which  fuiiinaU 
corae  into  existence,  when  viowed  from  the  distant  outlook 
whence  the  whok-  living  world  is  surveyed,  fade  away  into  the 
likeness  of  the  nieru  byplay  of  ovuui-be;iring  organisms.  The 
animal  body  i:*  in  reality  a  vehicle  for  ova;  and  ufter  tli«  life  of 
th«  parent  has  become  potentially  renewetl  in  the  oflfspring.  the 
bodv  remainR  as  a  cast-off  envelope  whose  future  is  hut  to  die. 

Were  the  animal  frame  not  the  complicated  machine  we  have 
seen  it  to  \k^  death  might  come  as  a  simple  and  gradual  di880> 
lution.  the  -sans  cverytlung'  bi-ing  the  last  stage  of  the  succes- 
sive luss  of  fuiul  amen  till  poweix.  As  it  is,  however,  dirath  is 
always  mure  or  less  violent;  the  maehlne  comcA  lu  nn  end  by 
reason  of  the  disorder  caused  by  the  breaking  down  of  one  of  its 
partM.  Life  ceases  not  because  the  ninleentar  ^Hiwers  of  the  whole 
body  slacken  and  are  lost,  but  because  a  weakness  in  one  or  other 
part  of  tlie  macbiJiery  thmws  its  whole  working  out  of  gear. 

We  liave  seen  that  the  central  factor  of  life  is  the  circulation 
of  the  blood,  hut  we  have  also  seen  that  blood  is  not  only  use- 
less, but  injurious,  uide-s«  it  be  duly  oxygcnntcd ;  And  we  have 
further  seen  that  in  the  higher  animals  the  oxygenation  of  the 
blood  can  only  he  duly  affected  hy  means  of  the  re^ptratory 
muscular  meehanLsm.  presided  over  by  the  respiratory  centre  in 
the  bulb.  Thus  the  life  of  ii  complex  animal  is,  when  reduceil 
to  a  simple  form,  composed  of  thrt^'e  factors:  the  maintenance  of 
the  circulation,  the  access  uf  air  to  the  htemoglobin  of  the  blood, 
and  the  functional  activity  of  the  respiratory  centre ;  and  death 
may  come  from  the  arrest  of  any  one  of  these  three.  As  it  has 
been  put,  death  may  begin  at  the  heart  or  at  the  lungs  or  at  the 
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brain.  In  reality,  however,  when  we  push  the  analr^u'  further, 
the  central  fact  of  death  is  the  stoppage  of  the  heart,  unci  ihe 
consequent  arrest  of  the  circulation;  the  tissues  then  all  die, 
because  they  lose  their  internal  medium.  The  failure  of  the 
heart  muy  urjm;  in  itself,  uii  aeeoniit  of  Miniv  failure  in  its  ner- 
vous or  niusculai'  elenienlit,  or  by  refuton  of  some  mischief  affect- 
ing iti(  nieehaiiioal  working.  Or  its  stoppage  may  be  due  to 
8ome  fault  in  ittt  internal  medium,  such  for  instance  nn  a  want 
of  oxygenation  of  the  blood,  which  in  turn  may  be  caused  by 
either  a  change  in  the  blood  ittielf.  as  in  carbonic  oxide  |ioisoa- 
iiig,  ur  by  a  failure  in  the  incchaiiicul  conditions  of  respiration, 
or  by  a  cessation  of  the  action  of  tlie  respiratory  centre.  Tho 
failure  of  lhi«  centre,  and  indee<l  that  of  the  heart  itself,  may 
be  cau.sed  by  nervous  influencea  proceeding  from  the  hrain,  or 
at  least  brought  into  ojieration  by  means  of  the  central  nervous 
system  ;  it  may,  on  the  other  hand,  be  due  to  an  imjicrfect  state 
of  blood.  Hud  this  in  turn  may  arise  from  the  im|>crfect  or  pe^ 
verse  action  of  vurioux  secretory  or  other  titwues.  The  modes 
of  death  are  in  reality  as  numerous  08  ore  tho  possible  modifica- 
tions of  the  various  factors  of  life ;  but  they  ail  end  in  a  stop* 
pag<^  of  the  circulation,  and  the  withdrawal  from  the  tiasnes  of 
their  internal  medium.  Hence  we  come  to  consider  the  death 
of  the  body  as  marked  by  the  cessation  of  the  heart's  beat  when- 
ever that  cessation  is  one  from  which  no  recovery  is  possible; 
and  by  this  we  are  enabled  to  fix  an  exact  time  at  which  wc  say 
the  Ifudy  is  dead.  We  can,  howt- ver,  fix  no  such  exact  timo  to 
the  death  of  the  individual  tissues.  They  are  not  mechanisms, 
and  their  death  is  a  giiutuiil  loss  of  power.  In  the  vAt^-  of  the 
contractile  tissues,  we  have  apparently  in  rigor  mortia  a  fixed 
t«rm.  by  which  we  can  mark  the  exact  time  of  their  death.  If 
we  admit  that  after  the  onset  of  rigor  mortis  recover}'  of  irrita- 
bility is  impossible,  then  a  rigid  mtuu.'le  is  one  permanently  dead. 
Ill  tlie  onsv  of  the  other  tissues,  we  hare  no  such  objective  sign, 
since  cho  rigor  mortis  of  olber  tissues  manifests  itself  chiefly  liy 
obscure  chemical  signs.  And  in  all  cases  it  is  obvious  that  the 
poesibility  of  recovery,  depending  as  it  does  on  thi*  skill  and 
knowledge  of  tlie  exi>erinienter.  Li  a  wholly  artiticial  sign  of 
death.  Yet  we  can  draw  no  other  sharj*  line  between  the  seem- 
ingly dead  tissue  whosu  life  lias  dtckert-d  down  into  a  smoulder- 
ing ember  which  cuii  still  bo  fanned  back  ogniu  into  Same,  and 
the  hundful  of  dust,  the  aggregate  of  chemical  substances  into 
whieii  the  dtn-omposiiig  tissue  finally  crumbles. 

Moreover,  the  failure  of  the  heart  itj««If  is  at  Itottom  loss  of 
irritability,  and  the  possibility  of  recovery  here  also  rests,  as  far 
as  is  known  at  present,  on  the  skill  and  knowledge  of  those  who 
attempt  to  recover.  So  tliat  aft4?r  all  the  signs  of  the  death  of 
the  whole  body  aro  as  artificial  as  those  of  ihe  death  of  the  con- 
stituent tissues. 
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•^—  pwmuro,  annrlnl  and  vuioua  com- 
pAMd,  IM-inl,  ini;  In  artrrtM.  )n.t~ 
181;  how  tMaanivd,  IM  ct  tupra:  tn 
Tvlns,  ISS,  inpi  modi'  ot  ivi[ii>i«rlti|[. 
lU;  In  aaplll«ri«.  lun-HU,  iw;  pUe- 
nnm#na  of,  Iil3;  ti"  ti-Uilim  tn  ]■>- 
rlpheral  rMlitaneo.  Itu-ITU;  nnlflcUl 
Milwmn  ut,  IRT-ITO;  «odocanl lac,  1!>I- 
■tn ;  tattip  and  vantrkmlac  n>in[«Nid. 
303-310,2)6;  nafintivo.^lT;  aaaSM-txl 
by  cardiac  lublbltlun.  'HI ;  by  (ilmula- 
llon  Dt  dnpKWar.  3*1;  of  arbUir.3B2: 
by  acllati  ut  drnea,  3)6;  by  etaaneca  la 
ainouni  ot  bloocl,  'J!)6, 3£rTi  by  nafdra- 
ilon,  I'.M 

,   In  tho   Mdneya.  fi-JS.  DSH.  033;   la 

Ihn  liraln,  KSt;  lu  umlilllral  itvia  and 
■rlory.  1124 

-^,  •vrnin,  («m»lllli»ntii  of,  19,  30 

,  aupply.  lu  Induenca  on  Muacslat 

IttI lability.  IZH 

,  vcawla,  Ibclr  loflocnoe  on  flnUUr 

of  blood,  17.  m 

BlfuMntc,  lu  fanao, »(,  an 

Bodjr.  Uia,  chanrurialw  «t,  In  lUa.tMd 
dnih.  l,3;ann«aoain|t«ltki«i«f,C19: 
melabolie  ptommm  of,  ftW;  iihaina* 
durinjc  Marvailon,  IO>;  potaMlal  MmA 
B^oal  ancrxy  of.  est;  «tp«ndUiiM  ot 
•BMgy  by,  ON ;  Moa*  ol  iKMltioa  i>f.  7S9 


Boia-Reymond,  du.    Ills    'bcj-.'   U;  <in 

inuaet»<*irmita.  lOo.  lot 
Bnclilal  pl«xiia,  muairir^tur  &ud  dilaWr 

ribt«  In.  3T0 
Brain,  Ibis  r<^>otfuuof,8^3;  lla  action  mi 

ijilnAl  tnlieSM,  iM 

,  ci'mlinil  b«a>i«ph«tM,  relation  of,  to 

eraaMdafaleolbady.aui;  ruidtaot  (•■ 
noval  of.  In  tf^,  Tift;  naulla  uf  ra- 
moTnl  of,  in  bird*.  Ti3:  nwulia  ot 
ramoTal  of.  In  maiiiiiiiiU.  7^.  731 

.oorlox.    ripe ri mental    inleHtrmM 

nlUi.  710;  lomlliailon  of  function  In. 
141;  NBollaof  remox-al,  TIjS 

■  Vy  luattor  nf.  (■uriom  ituailrit*- 

udon,  anieriori  tbpir  runuprtlon  wlilk 
Tlalon.  TSi.  814 ;  mrpora  Ki^hli-olata.  TtiO 

.Sbmof.  BUpcriur  ppduudea  of  «i*- 

twllum.  Hi;: 

,o|'<it*  <iucu,  IM;  tnilinEa  of,  TM, 

TV!;  aplaTirliiUt  funftlnna.  816;  tmioh 
■InuM*  of,  Si8:  oireulatiun  In.  89; 
•nppljr  of  blood  to,  S31;  lla  rondltloa 
d urine  vlavp,  llto 

BroaklHg  ol  Iba  voice  at  pulwrty.  10DI 

Btrntk,  Um  firal.  cause  of,  IIM;  rffcct 
ot,  lUB 

BtMiblBX,  nnrmal  t«te  nf.  4X1 ;  malp  aad 
t«nalr,  itiflcrcncoa  bcivun.  454:  an 
lavuluntar;  ai-i.  473;  laboonKl.nervuua 
nieoluuilMD  of.  WS 

Br1(ht'a  dIaMM-,  oitrina  of,  411 

Btoca's  «onrolation.  *<■ 

lliwwidan  morcmnxa  lu  niolacnlar  badt 
of  cliyip,  va 

Biiffy  t'lml  of  cl-jtiu-l  lilood.  lit 

Buidavli,  tolumii  «t.  KKl 

Biiidi)Q-.Sand*rMin.  kla  (totlunncwr,  431 

Calcium  Hilt*,  ifadr  pR«ence  iittxim»n 
in  v\-Uinz  of  bliHxl,  3II 

Cah-lc  phoiphnir.  IniotulilIUy  of  ciud 
dppemlpnl  on.  ^ll  -.  in  milk.  613 

Calorlaa.  coiabiiMloD  of  food  ox]ira«ed 
lo.KGI 

Catortneteiv.  U3a 

Canal*,  aMak-beaVar,  naaU  ol  bijnry  i«, 
T» 

Capadiy.  Thai.  43S 

Capillartca  ikscrlbeil.  IS;  IlicfT  prnnu- 
Uilly.  13.  IB0-11B:  blood-lni*Tckaiitn 
tSetteA  tn.  13.  IW ;  Miucliire  of.  UO; 
ptopanloDotwcllonnl  aroaof.tnantta, 
Ul,  U8,  VSSi  mmaremoula  ol  bloud- 
fmmn  tn.  I'O;  dUappaaiaDoa  «f 
pnlwln.  litl:  peripheral  tiuiitaan  la, 
VKtAfA,  callhr«,3W;  |ilaamaile  hyur 
ln.X» 

Oapiliary  clicnbtlloa.  noraal  |ibf  numcna 
of.  101,  SMI;  aa  aCfeeicd  by  IbIUuiba- 
tlna,Sn 

CapHilr,  ttmoa'*.  Iff  1 
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Cntwulci,  lopra-renBl,  histoluur  ot,  l!01 
CHrlin-li]r4r»tRH  In  wblM  cnrpUiclM,  10; 
lu  niiiHle!iiib»tuic»,93;  In  ((wd-»ttiS». 
312;   vailbu  lornu  ot.  3)<;  In   loud, 
ptcamcp  ol  itlyroiivi]  ilwp'inti'nt  on,  &i1, 
MT;   forniall-in  iiI  tat  Irani.  iaOM;   u 
fooil.  potcnlinl  rnvtity  or.  'iX.i 
Carbon  nionoxMc.  iis[)liyiia  Irom,  -IIW 
Carbouk  actd,  ac  Aoiil.  ciirbi>ntu 
Cnrdlo-graphlc  iniclii«ii.  201,  »)U 
Canllii-lnlilliilnry  •-I'lili^.  'J4'J.  2!ii 
CftrdlometcT,  Roy  and  Aduuii'n.  190 
Cilwin,Xi3;  |iri«:ii>ilii(io[i«r.3.10;  aonn- 
itilucnto)  milk,  (113;  ils  futmallon  in 
mnniiiincy  glaml.  G14 
CatlilaGV.  tijytvid.  lOTT.  WIS;    cricoid 
and  aijuticild.  I'lTli.  10T!I;   nt   Snaut- 
rial,  lOTO;  o(  Wrisbrni.  1070, 1073 
Call*.  albumloouB.  changci  In. 342:  (Ar- 
diuc  mtiitdci.  in  (i»ii.  ?43;  in  nisnimiil, 
•iU;   ccuiral,  ot   gnsiric  glnndt.  'JK: 
ciliary,  I.'M;  Aclimi  of  i^blorufurm  on, 
1.%;  rilinry.  at  Clamllus,  inll ;  oolmn- 
nnT  lal.  absocbnl  by,  41T:   of  Corii, 
1012.   of    Dalten,  lom;   cylimkr,  or 
Builltury  «|ii(brtium,  100S:  o(  ollnctorr 
njHCxtft   ir)(-iiibrniM\   iOS6;  ^lITervntla- 
llon  ot,  during  development  of  ovum, 
6;  t(iiilia1ial.13J:  fpltlKiliiiin,  IS:  fat, 
G04;  RsnElloiiic.  113;  ot  gtvy  matter, 
)4.l ;  hair,  liiiinr  and  nuler,  of  anilUnr; 
epllheliuni,  toil.   1017;    hepulli^i   con* 
liiiiioiia  ai^tlvlty  of,  SH;  rlianifiu   In, 
•Mil);  Elyci-BflO  in.  Mi)^;  action  on  hinmD- 
Ittoliiii,  &HH:  of  ninmmnr;  gland,  IIIO-, 
Diucrju),    of     (allvnry    Klandit,    ^H ; 
'limckd,'  ^IB;    ncrvp.  uf   iplnal   nord, 
190-143;   ct  crnlrHl    DvrooiiB   sysU'in, 
H3;     ovoid,    or    parlclal,   o(     e'**'''^ 
|[lHni]«,  MJ;  ot  panorrai,  311;  ol  |a- 
toUd.  3*3 

of  UKltrkiilm.  423 

~ — ,  twrcIlnK.  ii-rlci  of  ctcdIi  tn.  31T, 
aw,  .IVi;   douliln  funclloii  of  ci-lU  of 

vim.  4*t 

Cvll-nniou  In  aliioriillnn.  422 
C«ll-EubilBnc«,  milk  jiartly  formml  from, 

6\S 
Crlloluif,  diuF-ilion  of,  in  )aric«  inlectine. 

3<Ji:  a  foiHl-ttufl  for  the  berbivoni,Wl 
C«ntr«a,  Dervimii,  cnnlio-liiliiliiluiy,  Mtl; 

vaio-motoi,  Z*n.  ■!!»'.   Ilmlu  of,  ZKt. 

2K!;  iiuiiiUniiiMtii'liir,  860 

for  deglumioii.  Ka.  jTii:  (or  laeta- 

tliin,  eift;  lor  niU'luriliim,  M7;  for 
Biiciutltion.  Inhibliion  of.  TOT;  lor 
Diovuinoiit*  of  Hyuliall,  !K6;  Iiiri«rturl- 

tion,  iiiij;  for  phoaatlon,  lOtM;  tor 
Tomlliuit.  S79 

for  mpirulliin.  4T3:  tor  rMp^mtion, 

aiiionialii-  u-tlein  of,  t7C,  MH:  a* 
aflvcicd    br   blood -supplf,   IM,    SfJ; 
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sctirlty  of.  Increased  hy  axarcli 

for  nnMlng.  MT 
.puMJUe,  lor  tbcnnal  ebaniw,  6(7, 

tropbte,  for  ontrltliMi  uf  owrM.  (B9i 

t^»ual,  biitbirr  and  lower,  793 
CcrebclUr  tmn,  099  _ 

C<ir»lwiliini,  v  Brkin.  cerclHllum  ^M 

Cerebral  opemtioui,  ilmo  (ak«o  by.  819  ^^ 
Canthrln  lu  D«rv«  tUauv,  KU> 
ChabEBB,  anabolic  and  katalioUritt  liriag 

■ubiiancR,  30,  il&I ;  ncrvoiM  iCfttlMiM 

ot,  an  :  diurnal,  in  fBDctlom,  IIM 
Cbauicaii   and    Lorui,  Uwir   hil  luiH 

obumelur.  l'(,  178 
and  Marcy,  tbnir  Moitf  of  aieawuii( 

endocardiao  prounre,  Itfl.  193 
Cbcsi,  ctpkailoo  and  oai>ir*elio<i  af,4M^] 

Ing  n><i)ir»tli>u.  43rt 
Clieii-Toicc.  hov  prodncml,  t089 
Clii<yii«-SiokM  tMpSmiion,  490.  IIU 
Cliluma,  optic,  deeiuaoUoo  ot  DbiMtD, 

Tft4 
Cliloral,  fi>  ctTtcl  on  ■Umalatlo*  of  do- 

prutor,  Tin 
Chlotldn.  ibeir  prcHDM  In  iwrntn,  47 
Cblorotoriii,  It*  •ITwri  au  ciliary  aetton,] 

138 
ClinUattrin.  compntiiloa  «(,  3U;  a  <wk| 

■lituont  ot   bilo,  i*,:  (ta  prwinf  uj 

b1iH>d,  4T;   In  md  corpaaolw,  Wi  in 

nerve  lubsianco,  109 ;  in  gaUnoat*.  lb. ; 

Iti(iillb,iil3 
Cboodrin,  aeiioo  of  jcaMrlc  JutM  oa,  3S 
Cburlon,  tha,  1120 
Cboioid,   deveiupmeaj  ot<   ISS;    Uood* 

aiijiply  ot,  9fiU 
CbroTDOEcni,  ibeir  prfct  In  Brine.nf . 
Cbyla,  chartctanol,  400,  ■■oIocdUi  bail) 

ot,  403:  puMcc  at  lat  hiio,  tis,  f)7;| 

[ircMnca  of  wriu  In. 414:  alnanca  dl 

pc|itooe  in,  416;  vUbomtlou  of,  Im  llM"^ 

Tinu*.4I« 
Cbyiu*.  Iiow  formed,  388 
Cilia.  131 
Ciliary   inonaivDtt,  S3,    13|;    diewBKl 

(Unci*   *(I«<nlii^  13I-I3U;    pl>«tM,j 

aiiimiu*  hamautfuraiabiKl  ht.Vfli 
ClicalatWu  o4  thn  blood,  nuin  tact*  < 

lU;  rapillarr.  163.  175. SM>:  b)<|fBUb«l 

I>rlDcipl*iof  iW,  1-.J.  I>4:  alditB.  I7I;I 

rauot  flow,  172-ITS:  tlowdocnfM  hf\ 

eirenit,  Il8,  ■il'' :  cDD«t««(  attd  nriaM*  | 
(acMnt  ot,  SsO:  i»  aSactml  by  Uoa4- 
•an>'y,301;  obaagMia.an);  enuMol 
Irraguiarlly  to,  3D1 ;   of  c«Matk»  at, 
3l»:  placsntnl,  1134,  ratly  t(ttal,lt3l; 
l.iio  toUl,  IIX!:   cbancaa  ot,  taUac 
placeat  binb.  IIU:  renal,  Stl 
CIrciiD  moTometiU.  7311 
Clarke'*  colaian  at  aplaal  oorl.  KS3 
Clottlog  of   blood.  IA-3U:   iTUidcd  by 
cold,  U;  by  •ddlUoD  of  aaliao  : 
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llnin.  )G,  33;  bjr  oil,  91;  bjr  carbonic 
acid  in  rlie  l>loo>l.  SI ;  by  Injactloa  at 
nlbiimrHC,  ?J;  cnUiM  of.  36;  lo  Ihe 
livsiii;  iHiiiy,  St>i  Uvinircil  liy  turuvni'K 
ol  foreign  bodies  *.!1.  W.  4A;  clottttiu 
(if  lliiiilH  ]ii  llis  Uid]'  iiiWr  lliftii  lilrml. 
23;  cJottlug  lit  miiii-le  plunma  Ju  rlijor 
■nurtlD,  IK);  I'lilltlug  ul  l;iii[ih.  41X1 

CDUsnlatiou  of  prutvlil)  liy  lii'iil.  IS 

Cbehlnnotrjtr.  UM2 

Onltun.  Uvluriour  of  ipennatouia  k[i*r. 
tll9 

Cold.  Ita  inllueiicD  on  cloltinc,  IS,  31 ;  od 
IrriMblllty  ol  niiucla  anil  ncrr*.  I2T, 
]'j8;  <m  rtaiKttnttiU'Uft  nrtion.  3M: 
on  iklD  HEiloii.  Ml:  groQI.  luwerinEof 
in«la1i<ili«n  by,  HM);  Mrnilnal  iir)t*iiii 
for  uDutlon  of.  IMS:  scnulioua  uf. 
dun  to  chanjtM  i>t  iikiii  uiniHtralur*. 
lOlI 

Coloi.trmn.  oomponltUin  (it,  fil4 

Colour  sFUKiilUirtn,  tnaiiy  kiiids  of.  81)1 : 
mUlii«o[,  HC.  S!M,ai«;  vlum^Um  of. 
Ufa :  \oanii-Urlmi«Mt'»  tbwry  ot.8It« : 
duD  tn  roclnbohe  elisngci,  <W1 :  lu  rola. 
tlon  lo  !nli*Mitily  uf  Kllrniiliiii.  t)l3;  un- 
equal cbanRO  ol,  unilcr  dlminliblng 
llllbl,  914 

Colour  vlilon.  v»fUtloQ«  In,  90S 

Mir.itiii'ui,  (iwl;  dilTi-rf-tilklndaot, 

'.■I,'  ii' li.rilic  lu  nmurr.  yOT  ;  Vouns- 
H.Im.hulii«  thi.'iiry  of.  UOS;  lUrliii't 
tbrory  of,  VO!);  aljsululB.  911 

Colour*,  coruplnaieiitary.  KXi;  primary, 
9m :  of  Arlerlal  aud  vvnoiu  btood,  Ath- 
«T 

Cuiiibu>il(rn  of  Tarloua  taoda,  rtUa  «t, 
cotii|iam1.  Ii33 

Coansiauip,  Interior  optic,  'IS 

CoeM  of  rollan.  approilmnte  dlin«o(Uia> 
ot,«8» 

CoDJaiKtlra,  airuciurB  of,  mr 

Conowtiv*  ilMii*.  ai'iliia  ot  itsairlc  Julc* 
«D,  330:  in  nlatloD  is  lymplMUo  nt- 
Ml«,3>H 

ConsUntenrrenl.lUMlloii.llO:  aaconi> 
par*il  nllh  Indm-lIoD  ahoeh,  I  IS 

Concooauu  and  rowFla.  1003:  nmuiitrot 
formaiioR,  lOOG :  clkMlllcatlon  ol,  lOOI 

ConMriodoo  ol  arkirleB,  SOS;  ot  pupil  a 
roAu  *•■!.  M» 

Cooalrlclor  fllirvx,  3T0 

Conirttcill*  ilmici.  Uio,  01-138 

Contiwlitily.  .U 

Contraciion  of  niucle,  monnMnM  «1 

bnly  diiH  1(1,  Al ;  iSmplu  aad  I«UdIo, 

U;  EmpUc  noihod  o(  noo«<ll<is,  U: 
*tmiili',  iilivniimnua  of, 65;  iManlc,  T&- 
8t);  uf  ihrlelnl  moKln,  letaale  In  char- 
aclrr,  TH:  wiiv«a4.S3;  opUnil  rlnucn, 
89;  ehtmlral chan|[M  daalo.M:  Uwr- 
inal   cbanfra   duo   lo,  iSj   slMtrlcal 


clunicw  Jartns,  101:  'mUoc  and 
br«aklDg,'  110.  111.-  tntfiMDCwd  by 
nature  ol  •timului,  Il9;  Isometric  and 
lioionlc.  ib. :  prolongnt,  of  rod  iiiiiii-t', 
\7ti  a>  lallDenGnl  by  load,  IS):  Idio- 
inatKular.  lU:  cxbaniitng  olTrcl*  ol 
tbe  prvducta  of,  IS):  ol  plain  muuk, 
lai-IM;  iftontaMAiift,  U3;  tonic,  131; 
Tvlatioa  uf  ta  aaoibolil  Bm«cni«aU, 
13T,  \Mi  ot  hMtn,  SIS:  toaturn  ol 
hoait  mntnetloD,  313, 341 :   of  Tillua, 

«n 

Conit*e(loD«,  i«fi*ialtlo.  In  plain,  mu^ 
«ulu  (Ime,  133;  o(  tiKlor,  Ktt.  H*; 
al  bladdsr,  MS;  «!  Ilia  aKiuMli,  snt 
of  tlW  IdIcAJmv  3SI 

,  i&ythniiml.  nf  ipliinn  ilmna,WO:  of 

the  atiriu  durinK  procnancy,  IISSi 
during  'labour.'  1137;  altor  psruirt- 
lion.  1139 

ol  iha  abdomlDBl  walU,  3s).  I I3H 

CoDliaM  Tftoal,  liaultansoua,  lCt3:  auo- 
itvlvc,  B33 

CuriiK  iniHltillarif,  £99 

Cuni-uidoDt.  anainilr,  how  prodiical,  IflS 

Coordluatlon  ol  moTMntnia,  nhu-biony 
of,  in  birds.  *3i>:  in  maminBti,  731 ;  lu 
man,  1:13;  part*  ol  nildilla  bralo  cpo- 
cern<d  In,  T37 

ot  oenlnr  moramMita,  9SS:  narrou* 

mvchanlun  K<>**n>lilS<  W 

Cord,  aplnal,  I^.OTS-'TliI:  dia^rarafnUie 
■netamnre  of,  NO:  IcnRlia  ol  ibe.  143; 
rallai  acllpni  ittanlfnud  by  ih»,  144; 
(rencral  Iriitnm,  (Ml;  wbile  luattcr, 
xiruclnic,  093;  tthlto  maitiTr.  lra«l«of, 
dellintlatlon  ol,  8W;  nifiiraiiDa,  dO: 
grey  matler,  09t;  iiMur«  ol.  iSS: 
kfModinx  anil  deacendinjc  dfjEsoBrs- 
tlon,  S8S:  •pcclal  tcaluns  of  tbc  tar- 
•ra)  ratlom,  iMMM;  vnilaiion  la 
•oottonal  and  ol  while  matter,  liiO:  of 
BT«T  maltcr,  R<I ;  cuiine  itt  pyrsmUiil 
tiNCt«ltiUie,eU;  cvrrbeltar  tract. taO: 
radax  action*  ol,  114.  I3WI-TI0:  oom- 
plezity  of,  TOO;  rcHci  aclioaa  ol,  la 
man,  T04;  liililbltlan  ol,  TOT;  tima  f- 
qutr<d  loT,  TOR;  automalii;  arlbitw  ol, 
Itl-TU;  BCtloo  In  dimw.  TIT;  byi>o. 
Ihttkal  XKnieotaUoa  '>(.  TTT;  iwJivt 
mochanbuM  ol.  BOti ;  lymphatic  anas^  t^ 
msDt*  «l,  831 

Comaa,  blood^nppty  to,  909 

Cortm,  aotertor,  of  r^rd,  6H|,  6K!;  rou' 
nection  of  elTerrnt  Qbre*  In,  IH 

Cofpora  AnntIi,  \M 

eeoicnlala.     IW;     qnadrliCfmim. 

onnni.ctli>o  nl  wilb  rttkin,  Tv.;  iv>n- 
■IdernEloDt  loiKbInc  tkr,  811;  curpctn 
oivrrnuui.  HIS.  Dili 

Carpus  iponctxcum,  lit} 

CorpuacUsoI  blood,  aot  as  o«aeB<iiilp«it 
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of  riot,  lit;  niUttaiM  tit,  Wtt1<  (lid 
plEuDia.  7! 

CnrpMcii'tat  blnnil.cartllimi'.prcacncDof 
glycogpii  in,  ftT<  :  ">ltiiitr'im,  liU 

,  r»il  incl  wbllc,  rolMlie  proportloni, 

3U:  coni|i»tili"n,  37-48 

,  n^d,  mkiiiiL'opIc   appcaranca.    31: 

■tiuclun-.  13 1  ubtinieal  coi»|>ii«lt1(iti, 
SI;  mviliod  at  cauntlng. H :  ihmr  liFe 
■od  dnlll.  3S;  thtitr  ilMlrni^liiin  lu 
Iha  U«*f,  tb. ;  u  oxymn  bnnrvts,  Xi, 
31,  3A:  (iirmiHl  In  rml  (nnrrciiTiit  liniii-i, 
aS;  tlioir  poiiKiSP  Ihru'iKli  Hie  ciitnl- 
larivA, 'JIM;  illapck'il*  ot.  'HU.  ptupiir- 
Itou  if  in  fcFtal  bluod.  1129 

,  will  to    Ittr.   alio   Ijiucnrfua),  Ihclr 

coDUpclton  irit)i  duKinif.  39:  appear- 
»iii>p  aiid  «lrucliiiii  o(,  3<>.  ;f7;  eonipdii. 
linn  of,  .IT.  48:  lypo  of  allllvfiii;  tUiOV. 
Xi,  Ki  amfi:bold  movomcnla,  40.  i'Jl, 
V30.-XH:  onalri.  42:  work.  44:  criiiii- 
lallon  Id,  U;  behaviour  Iii  liiilDmnia- 
tion.  3!'S-K"lT  tl.-ir  i.iiitralion,  298 

Corlex,  tee  Brnln,  coritz 

Cunl.  nrimn  or.  itm.  lOlR:  rui!l«ot,  lOlt, 
10U:  Innar  and  outer,  lUl:  imIU  ot, 

101 : 

Cnughlnic,  SIS 
Oiwiwr,  ictHiiiJii of,  IMS 

Cnvnip.  nboltihod  by  aneloctrotaaut.  IIT 

CnvfSAiKKiiliiin,  or  clot,  17> 

Cream.  01 J 

Cr«(lnl*in,  (Wl 

Crleo-aiyt«noid    mutcle,    Ibe   poaWrSur, 

loni 

Ctivvthyrold  muHok,  lOTB 

Cricnld  cnnllagr.  lUTD 

CrankiKK  o(   froj;.  ivirjiicclUiD  of,  with 

cnrpara  quiwlrlKcinlua.  H1& 
Crylne,  912 
Curit.  3M;  curdling  of  uilUc,  pbeDonoaA 

of,  ill. 
Currnnci  at  Mtlcin.  In  a  miiaelc,  102;  In 

a  iivrvK,  lOTi  h«  aiartwl  by  •xeiULilon 

of  cur  lex,  TIM 
fit  ri'>t.  ill  a  ffluiU'lH,  DA;  In  a  (Ktrrn, 

luT:  lu  FUi:tr»totii».  Iia 
.  alvi-irical,  eimalaiit   and  luilucad, 

Sli.JT:  iutvtriipled  ur  faradalcASifiS; 

«l«(;tratoillC,  IK 
Cucrw,  iDi>d«  of  invMUTiiiK  ((uotnotn), 

im 

CulaneuiiB   MuMilon*,    mp    S«DiallOD«, 

catMiean* 
Cyaniiiwn  rnmpoandjt,  th*lr  rriallnn  lo 

urea,  SIK.  aw 
CtcI(>.  I'nnllai-.  <liHorib*d,  1iK!,312:  -Inra- 

tloo  of  phlUM,  3U 

Draih,  a  KiniliiRl  proMH,  I ;  slow  elol- 
ilngot  blood  afwr.TTi  olblornlearpu*- 
elM,  30,  44;  ftoia  Ullnr*  uf   heart's 


Mtlon,  3ni;   from  litsb   Umi 
fbOioiuena    of,  030;  phonoincB. 

tin 

rivcidua.   fnrmaiion    of.   1130;    rcflaXB. 

lt3J;  abMHillon  «I.  II-JI;   v«r«,   HID; 

abiorption   of,    II7I;    tcrotlna.    tlJO; 

lu  iranaforniallon  lot«  III*  |itsr«nia, 

1130:  eipultioti  of,  afur  paitartiioo. 

II3U 
DiviiMnitioD   ■>(    the  pyramids.  798;  o( 

(p|>ilr  rtbrc».  'M 
l>r».i'ati(jn,  bow  ellwiol.  3K1 
Dut;encraUoo  of  (overed  ncTre.  taS;  at 

ninouln  afttr  ■stvnnv*  of  nervv,  ii.; 

of  coDsirii^tot  pfinr  lodiluor  dbraa  la 

snvr>r«d  nanv,  3T0;  nt  nor**  Ahtca  is 

iniiedtiervi),oT(i;  mkareooa a»d latty, 

iirr2 

Di-eluillion,  hour  «lT»pi«d.  :tT3:  dlfrercnt 
utagca  af.  374 ;  a  rvllea  act,  S!5 ;  nior^ 
in«nta  of  auxptiaicus  in,  3TU 
Dnntiiioo,  iciaporary.  IIKI;  pansasvat, 

1119 
DtprmoT  nerve.  -HI 
Dnpr«li  si|iii*1,  Tft.  71 
Dcitrlni.  cliaractcra  of,  315 
DrilrDw,  rvaciloiin  of,  319;  appnruiea 
lit,  la  llTer  after  dt<all>,3Cf;  aafoodof 
miiBirl*',  ASS 
Dlnbeiei.  nnlural  and  artlAdal.  STB 
IHapMlpsi*  iif  T«d  corpuscle^  SIS 
lllnphro^nn.  melbod  of  rceurdtng 

uiinitH  of,  ^3^ :   Its   iDOTemaBU  dwrliic 
naplration,  iSt;  loUnas  of,  pfodMeed 
liy  allinnlnilitn  Dt  vajni',  47)1 
DtMiole  ol  heart'*  action,  183,  IS 
nii-rotli-  wav«,  nrtgjii  of.  XC-SW 
DtcTotlstn  in  pulM  iraciBKv.  230 ;  oai 

ol,2:l'J:  loumarkcdiorigldartcrtaa.SX 

Diet,  nveracn,  633:  nornwl,  compoidiiaa 

of.  i^AHi  nfed  of  the  Uin«  «■*•«■  ol 

fO'iil-BTiilTK  In,  ma  ;  vain*  of  mItoIwI  Is, 

Mi;  vngrtalile,  phyttoloskal  vstne  of, 

S&l.  6SH:  Bi(»liiii'atmaii  nf,  «iik  rrxxnl 

1o«luotlHHly.  OiT;  to  climate.  OSB;  W 

labour,  Offi);  to  mental  work,  SSI 

"  [HtTerentlal  eapiiplty,  mrem*."  CM 

DIITt>t«ntlal  inRnomour  of  Hunbl*,SI4, 

DIttniibI*  inbilnncH.  abaorpthm  ol,  ttD 
DldTusfon.  Ian  ol,  421 :  r*ssacc  ot  KMf 

in  tbs  tlaiuu  by.  491:  in  ait  af  ti 

429 
DlReatlan,  thtiUM  and  ateclMnlMaa 

3)1-313;  of  )lviu{t  tiimaa,  MSI;   mu 

tar  mechanlnn*  of.  3TI:  cffeeii  an. 

prcMMio*  ot  hact*t!a,  ast,  393:   »a 

produela  ol.  4U:  eoune  taken  bf 

durLicf,  113 
,  gaitrlr.  331:  cirMimfltanras  •ffeet- 

Ing.   33T:    gnns  cIToet  of,  3Mi    fi 

Deeded  tor,  SM 
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Dli{E«tloD.paiinfiatk,XI9:  lalimjr.SU; 

infaiiitiii-.  1110 
IHsKall*,  pliyiilolotfii^'l  aclioii  of,  .143 

]M->l>l(lc  mn^liaiilimi,  Ml ;  a[i|iknUiu, 
vlmpla  fvrm  ot.tiXI:  iui[i«rlocliOM Ui| 

"  DisrriioliMtiun  psrlixl,"  CI 

Ulitanra,  Jiidsniciu  of.  W-4 

DJjitiTiivod  v(  luiiit't  ikttor  birlh,  caiim  Af, 

Diur*tlfMi.  ttifir  iiinlr  <■(  iclion,  543 
Diiirnul  tturrn  at  Isneliuiu.  IIM 
Uivliloii  ot  labour.  phyuoli>glcal,  ti 
Doc.    paui^rcMiB    u(,    .111^    tiilHiiBiillki^ 
dlnnil   »(,   XtSi    nulimiultUry    nctTs, 
Bii]iply   lu.  XH ;    MKKan    *iilvriaiu  iif. 
:ir>:i;  nrrvw  o(  sllmeuur;  ou>),  SiHl 
(Ljliis  of,  367  ;   I'liiiijHHiiliun  iil  linuDO- 
gjobln  til  blood  ol.  <Wi  «urtJ(al  motor 
MM  In,  T4fl 
Droiwy,  cbarMttr  □(  Ijrmpli  in.  -101 

fiuelua  VMioaut,  (u'tOil  bliKxl  orrlrd  to 
tlm  bi-xtt  by,  113'ij;  artcrifiaui.  fo^IAl 
cirvulmiun  ihrouiili  iIk^,  llXi;  obliivn- 
liuK  xf.  >[tur  blnb.  ll:iA 

Duilavou't  upbyjcinni-rugili,  'iil 

Uins  mntrr  [ot  tlis  tjt\,  S.19 

Uynpuait.  al  liijcli  nUlturln,  ttii;  iialura 
uj.  »*!..  IHfi;  .■ardlac.  SO!i;  lucfltrl  on 
(lie  kitlnvy,  SliS;  (weailiig  citii«p4  bj, 
HI 

Ear.  •trurture,  HP-DM;  Mnbrjouic  blk 

lory  >ir.\MO;  oll«  v«ilrl*.  980:  KM>«nil 
r*Ultau   ot  fMU.  Mil    I'MhIe*.  UKt. 

963;  lenanJ  uw  «r  ixttx,  wii  ijm- 
pkBum.  coivlMtion  til  couiid  Umugb, 

VRI;  miMolM  »f,  Wl;  ftudlMry  dmIcIm. 

UW;  EMUMfclM  lobe,  MB 
of  Mb>ilt,  vud-mniorcealrol  ol  <lr- 

mbiUa  la.  2S3 
Eu-tUbamlu,  eo>cu1>ltan   ot,   331;    lu 

aoD*«niuii  iiitu  lu'iil  alhiinlB.  Ki 
Elutteiiy.  •tlmlnlihiid,  la  exliaiutcd  mat 

elM.  1-1)  I  lit  arWrlM,  M  tJBKtittfi  ^r- 

mImIoq.  im:  m  kltaetlag  dlervtlcD), 

2M ;  u[  lunn*.  aiDnunt  <it  prriNur*  rx- 
<n«l  by,  1:7 

ElnriHc  mlnioll  <lnh'rlbv>l.  M;  ripctric 
fhanmxIiiTlnE  miurle  ooalntclioit.  tf! : 
ill  a  BMVR  [ini>ul*(i.  lul;  ntfTtrlc  upark. 
viikib  by  Ul  muluulaii  ot,  MIi  clteirle 
carnitu,  tbiflr  liiVfllopmoiit  by  nlUiat 
Iip»p*»«eii,  W28 

Elwtrolonlc  curicnU.  lU 

KIrrlciiioniit,  (i-sltirM  <>I,  113 

Embryo  of  inBinmnt.  undlfftnnllattil 
pri<tiiplH>m  in,  ,'4;  df  vvlopuxnt  u(  r«d 
cnrpiiKlc*  III,  ;iS;  glycOfCM  In  Miurtca 
ol,  l>S,  liT.I;  Kri^v'lli  of  (iiibryo  at  mam- 
Dial,  lUO;  roplnititfii  of,  1133;  auirl- 


linnot,  1113-llS;  mpfir  ol oxntB  \i> 
tlip.  1123;  dafalopmabi  ol  adlpoM  ti»- 
Bua  ill.  eat 

BuhIo,  variotw,  •etlon  ni,  3KI 

Emiaion  u(  a«ina,  lilt;  ilw  airiued 
miucJiM  «oiican>cil  In,  IIU;  ih«  Mr- 
irau»««nii«  [or,  IIU 

Emoilonn,  ai  atFrFiliiR  trifrinittOD.  4Tfi; 
r**|ii»lory  niMhaiiUiii  a  iii4as*ol  «i> 
|i«wiDiE.31l:  Uii'ir«npci  ou  Mcrollnn 
Ol  Driiiu.  54.1 ;  ofaaliia.  W;  oniplsucb- 
dId  (iiiiclloiu,  <I7 

Ennlatoii  o(  IBM,  Bcttnn  of  bil«  aad  pan- 
oraatie  Jolce  on.  3S8. 391, 4IT 

End-plaia*  ni  non**,  probabU  actltni  of 
ureri  on,  M 

Endolyiupb  of  HintelrcDlar  eanaU,  In 
relalion  U<  courdiHtA  movemeuu,  T^ ; 
•oci«llon  o(.  111  oilc  raid*,  9tl 

Eav'ty.  poi^diinl.  ot  bodies,  liriaj  and 
dead,  I :  ici  In*  by  breaking  down  ol 
llviiiir  iiiiTitlaniv,  i&. ,-  ol  livioc  body 
dpcndsl  In  work,  3,  (13li;  of  dead 
IxHly  aliKvn  an  bBai,  S;  r*aa«*d  and 
CM  f ne  by  dlfltrtnt  ^aaaea.  If;  enetnr 
ot  Uio  body,  Inconut  iit,  SSS;  M|i«ndl- 
ture  ot,  6M:  potential  wiorgrol  *mI- 

oaa  dlcu,  G33.  GM 
Entuplif  pbeDomFnn.  8T4 
KpldldymU.  aclloti  ol  Id  cmlulnn,  HIT 
^glottia,  Ibu,  lOT^t;  ru,li)<>u  of  llic,  107} 
EpIlbdluDi,  cmaicd.  131 
crlU.  ibniTaeiiOD  In  alitorption,  421 ; 

rcnnl.  uc  ret  Ion  by  Ok.  33} 
EqaUlbriuni,  nimgtovua,H38;  afoMOf, 

na 

Erwt  po»iur«.  bnw  t>r«mnMt,  IIOQ 
Eivcille  iliiiu.  itinciun  and  afilon  of, 

illS 
Ervcllon  ol  prufa.  tee  Ppnia 
Ktiirtntlon.  coin|>otltloa  ol  gBMa  ol,  SXI 
Eryihrodeiirjii.  J  1.1 

KMtln.  pDpll-<»ntncllMi  otiuad  by,  BAt 
Bv^poniloo,  iMUfwraiar*  ol  body  icm- 

laiad  by,  ou 
Riiliiiiva.  its 
EuiUcblin  ralra  la  adoH  Utc.  182;  hi 

tiHUlIllo,  113! 

lube,  IM,  fM 

K*cntin,  a  (a«al  oonMlluaot.  3(17 

BMTMlon,  tltaaea  of,  8 

Eufcita,  e0«el  ol.  on  tli*  miuclfu,  138- 

130;  on  Tsarvbir  oieclunlsiD,  304.  9S: 

aorraplrailoti.SOS;  mi  Uiexcrviloaot 

on*,  838:  m  tha  iinolnciloa  ot  liaal. 

CH;  pMdwilon  of  eafboi^  aebl  ln> 
br,asr:  tIsmI  dlaartmlMilo* 
by,  WO;  (acUlo  potrrpilaoa 
by,  1040 
EibMUtloD  ol  ni«>rla  and  nerra  iImm, 

US.  tS*.  IK;  ot  nnaeica,  Ot;  audlMtj 

elMtt  of,  lODI 
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Bxplntloii,  liow  i>fr^ci4>I,  4-lT 
BxltaetlTPB.  Tarloui.of  Hplci-n  pnlp.iVOi 

of  lbs  llif  iiiui.  liCU ;  thuir  vjluo  in  diet, 

V31,  Mtl 
Eysi  111*,  natntn  of  moTpmnnii  canMd  bj 

Mlmnliillun   o(   t'onpx,    TW;   k^mitxI 

Rruelui*,  KIG;   devclopniFiit  of.   K3f; 

ncttrallc  (xal,  KC;  choroid  coal,  SJT; 
Ivnt,  rhxnefs  «f  rurVKlum  <it,  Nt; 
hnmour  of  vllreoiu,  S3T,  9T4;  sqiirou* 
hiitniiiir.  Ktn,  !IT-:  ilixKranimmli?.  MS 

,  nceumincidnlion  o(,Mit-M3:  for  t«r 

aiiil  NO]tr oIiJwu.HUi:  change* diirtng, 
SM:  mvchauituL  ot.  8M;  iii«rbaiii«iB. 
ntirvniui.ljiiS;  ouoclaicd  moTemeaU  ■□, 
tttO:  impertwlinim  or.  «Tn 

, onutrlolor  tiitluciicci  on,  S3T-SO; 

dllatoT  inlliinni-M  on,  803-8IM;  mdiho- 
troplc,  «»,  nO:  mjopfo,  HSQ,  STO; 
bfprrmvtrDpic,  )W>.  SIO;  pt«*bju[ilr, 
SM 

.pupil.cliaiipwor.WT-fia!';  «in*ttlt> 

tlon  Bud  dllailun  of.  ttST;  iiarrca  inp- 
plyiiig,  ftM;  niiMtrlction  of,  a  tvAox 
ael.  NXi;  ehuiiKH  in  throoKli  action 
ot  f^nioii  tpiiiiilhnlic,  SB3;  nalurn  of 
dlUdojt  mcfhanhw).  W3:  action  ot 
druen  and  otbar  agnielM  tn.  MIS 

.Kliua,  dsTFlopniBnt  o(,  83S :  a  part 

i>r  ilMbniiii.StT;  t«d« and Dtinu,  till: 
fnnelioD  ol.KS;  puMiblv  din^rniicm 
between.  ffir7:  rods,  presence  of  vLiuol 
purpl<  inlh«,9J4;  piifnivnlvpttht^liuin, 
9X;  Mlmulatlon  of,  by  other  amnclos 
tkaa  HkIiI.  RU;  vl*iial  amiM  of.  «B!); 

InttlDile  llichi  ol.  0(u :  coloor  btlndneia 
of  ptriplwry,  i'tS:  blind  ajHit  of,  Din, 
960;  phoilochi<mm(T7  of.  Vii;  oorrs- 
■pouillnK  or  !denlli-itl  pnlau,  912,  SST; 
liaeBof  iiK|wrwiitin.  OH 

.  rtaliial  ■tmecnre*.  tntlgua  of,  91(1; 

teliaal  pnw«sso>,  altiplric  currMits 
davaloped  by,  108;  munclca,  ocalar, 
W8i  nalrtttoBot.M9-fRS:arranKpmrat 
4k(  blof>d  vesMlft,  Ql'.9 ;  vuo-molor 
«lianK<«in,!m;  Iymphnti<-9  nml  lvni|iti- 
apacc*.  U7i>:  prolecliTe  mechnnlim*. 
tW;  •y*Ildii  and  tbclr  niiui'li'a.  ^t'l; 
«Da]nnoliva  and  tta  chnd*.  Vtl-.  Mel> 
bouilan  and  Incbrymal  gUnd*,  9T8 ;  aya 
Inoldajrr.  ll-Vl 

Byaball.  tmailciii  ot,  'jnu.  ■>«■:  movc- 
DM«I)*I,  141;  prtniary  puaiiloo  nf.MS, 
OW;  nin<clea  of,  MV;  dmnlianeou* 
norein«QU,  903 

Fvcan.  erimpiiolllnn  nl,  31)6 

Fnintinc.  a  resuli  u(  cardlao  IsblUtloii. 

FaUopian  tube,  IllS-im:  iMtpUoa  eS 
Oram  by  the,  1113 


FUielto  Tclra,  11)69 

Farwiirallun.  IB 

^ai.  lu  prcMnoa  In  cliyla,  402;  aisoaat 
alMnrb«d  ilnrioK  dlicMiiaa,  *I3;  Msda 
of  abaorptton,  41T;  tottnatko  ol,  ATI, 
Iinn.&i8;  hltlnry  of,  SOi-tOO:  liiiiiaw 
of,  in  oeU-«ubataii«v.  OOt;  illMnwii 
aniv  of.  Fnini  cellii,  HOU;  nalnre  of.  !■ 
adipMR  llnnic.  (U»:  llmlta  to  coaauia^ 
Hon  of.  fini;  ita  poMntlal  •oerigr  ai 
food,  SSI 

ynl.«elt>.  itrnciarti  of,  I9M  ^_ 

Faiicu-,  its  cITki  on  moirnlar   lirtla-      ^M 
UUly.  1;^'.  l-.t>.  -^1;  tejue  of.  Ua   oa.       V 
Inrv,    ISO;    rninal,   Kicnlira   imacM 
produced  by.scu:  aadtiary,  ICOa 
I   Faia  iu  while  (vrpiitclva.  40;   Is  Uood, 
47 ;  In  nerve  time,  im ;  in  to«d-«tiiffa, 
813;  fn  rhylr.  «Da;  wiion  nf  tsuuie 
Juice  on,  %!.:»«;  of  blle.SH:  e<  pM- 
oreaiio  Jnli;*.   331;  «nial*l5e«iiaii  of, 
during  dIgeailoD,  319,  91,417;  oonaa 
taken  by,tn>litEMlInB.4UI.tl7;  ckaaca 
at.  1r  the  lacteal  radicle,  418;  varioaa. 
nuOlini^piiliilAof.SK:  Tariet,  ol  ■Ufc. 
ni3;  aa  food,  metaboliam  lianul  by,      H 

eiH,  m  I 

Fattening,  aid* !»,  60 

FMt,  awBatiDx  tn  does  add  aUa  anlf 

preaeni  In  the,  S35 
FehlinK'altuU,  aaMM  fordatinHr,  315 
Feneitm  «*all*  and  IsMctni  mtOBda  of      ^ 

Nir,WJ|,«M  fl 

Ferment,  flbrln,  dBehnt  <«nM  of  coa^v-      ^| 

billon.  '^:    It*  aetli«  on    IIIiriBai;t*n. 

3U:  the  amylolyiic.  la  ultia.  SIS;  tlM 

amylnlytlc.  dalroyad  by  ^MMe  JbMo, 

331 
Pmnniila,  organlml  a»d  HtotKanUad. 

(fuolnole),318;  Uwii  pnMOM  la  nrlna 

S19 
Ferer.  initlabollMn  bei|tbMMd  by,  6*0 
nhrva.  fnuacular.  ae*  Iftncla 

ncn»,  (M  K*TT«i 

of  hraln.  tet  Bnin 

Fibrin,  of  tlb-bl-HHl.li:  tta  • 

dnnnscloiilst.  Iti:  Iti pnxeld oaUra, 

IT:  •iructut*.  Ifl;  ranmot  liaarfcatk. 

ance.  30;    acllon  of  Eutrie  J«ks  as, 

323.  XK;  In  clo4ttng  Ifvpb.  4C0 
FibrJD-fmnent,  S4,  SB 
Flbr<nog*D,  It*  ptoelpliatlon    titm 

pliama.  St;  itt  iiiarwrfaa  lain  flteto. 

2S,SH.39l«» 
Flcfc.  tpriin  — nowM*T of.  MSL  S»:  Id* 

pneiunMOfcrapb.  <S).  431 

FlnEBm,  oMbod,  la  (ktbliU,  BH 

FIniulenee,  3n 

Flariinn.  M«i*e  of  inwII  aiyaM  to  ^, 

10S>:  hMaliiallnnor  mtofranqalM 

of.  ia.''.1 
Floaranik  *  actrad  tIuI  '  of.  <T3 
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F1al<].Mfraiu,23i  iU  MvoDij  vithlrmph, 

Vri.   ill  iliot.  noil   ■tnniullr,  1127;   iU 
tuiictluns.  IIST:  comixuillnn.  1131 
Fluidity  «r  llTliijc>>l<>od>''X'i  »'  bliKxlIn 

the  viiuwU  alKr  ilrnilb,  aT 

FiHtnii,  noartihment  sdiI  retpinUon  at, 
lis:i;  HwHllowiiiginoTePWiiUtxeealcd 
by,  IVJIi.  IVM;  iraiHiDtMlan  at  tood- 
m>Uir1*i  U>  tho,  1137:  irMwliiic  mUr' 
cDtlBtloiiirfiiMiKilii,  liaij  moveiBMiU 
of,  llWi  dlKHlkiD  funotioiu.  lUDi 
clKulmiuu  III,  11331  eipublon  ol,  113B 

FallU'K  GnuifiikU.  llSJt 

Foud,  niriu<li(>i<l  alMorjil Ion  o(.  3;  (ttttlad 
loilix  tlHura  by  ibo  bUwd.S;  iu  erad- 
unl  cbiuii,i>  Into  llriog  Mibauuic*,  40; 
liiK'-Hiiriii  tit.  by  whli«  curpuwln,  10, 
44:  ila  rfftot  pii  Toarulor  mrchaiikiin. 
306.  I'ffiK^  of  IU  pnuenve  oil  smulria 
M>Fmiuti,33»;  aa  piiiirrfalk  xcralfoii. 
aui  onblleaccfctlon.abT:  on  tlDinwIi 
muvi-niciiui,  3Xi;  •>ii  liiluillnal  uiovn- 
DienU,:tt(i:  uaciodoD  by  mlivk.  :u4: 
liy  c^Klrlr  Jiilnr,  Stl :  by  lilln,  aSTi  tij 
puuei'i'flllp  julM,  Xtl;  by  kuocM  «X^ 
Ivrti'iia,  A-l;  rlianii"*  *t1.  In  th« 
■llmdimry  cu&l.  MT :  a»  liiporoo  mia* 
IHiwt  villi  (iiii|iui  of  iiiaiirial.  (iS; 
polenilal  oiicri^  iiip|ilt«t  by.UX) 

FiHBl-Miiflii.i'liiwiflrailonof.SlhrliaiifM 
of.  In  th»  body,  S13:  rBlniiTD  dicMli- 
tillliy  >■(,  Sf>t:  faiiy  aiiil  rarlwliyitniu. 
0?T ;  pe|i1on»  Bud  inltf.  liU^v-^Stti  t«rU 
Milt,  ill  iKiriiiHl  iDnl,  li6a.-(SliO 

F^Tainon  ovnlo.  ouiirw  of  total  elitnla- 
tiiiii  llimiiitb  Ihn,  IV-K;  gndoal  ocdo- 
nluD  nf  thr.  Ii:i3 

Fotiiii  i-mijiincliviB,  IITT 

Fov«  HDirnJli,  ihr,  H«S:  rF^kiii  ol  dla- 
Umi  vtaloM  in.  8«T 

PrBMltie.  Ha  affen  oo  mturl*,  n 

Fray  and  Krrbl'*  manoniMtir,  IIK,  IDT 

FriMion,  pprlphvriLl,  aa  afTwIlDe  elivii- 
lallon,  li>-t.  VK 

Fnx.  riiFi>iN-fl|ilc,  109;  vapilinn' cliv"'*^ 
Hon  In.  litl 

.   bnlnlxiii,   ph*iioin*na  *li*m    bj, 

3a,IW,  Tl.  141.  ita 
,  ljii>i<li-liiinrti>  «f.  IDA:  rInUr  Mo*- 

ac  <■'  bvpai  li:  islymKrii  In .  AM 
Puaeln,  lla  pmcnce  In  (b>  ratlna,  SCO 

Oad,  inanomrtnr  a[,  1^< 

OalWUaild-i.  pluiiiun  In  M\r  tlttett4  liy 

rbi*.  f&t '.  iit»riiK<^  "f  bite  In  Iho.  3b7 
OkUiiiKnns,  •'ho1riii«'rln,  |irMn>I  in,  lOCt; 

compixltlonof.  :W4 
ClAlvnii^r  banrry  iltmrrllwvl.  AT 
GaliKlla.  aplnal.  Ill ;  ol  ipluBChnlc  ■]«• 

ti'in.  111  1  apiiial,  (il  III*  patMtiof  not, 

(iangllnn  ■ullalum,  233.-3SS 
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Oaoca,  abM>rplioB  of,  lij  UquIdH,  UT; 
(b»ir  pmcucQ  in  bloal,  M'.  StA;  In 
urioa,  AW;  varloua,  th*lr  *fl«rla  <in 
rMplrallan.  VM 

Gaak^l.  bin  mDthMl  ol  tvoiirdlni:  beart- 
Iwat.  9111 

Oaalrlc  )uloe.  norma)  mmiHHtiduQ  ol, 
SSO;  (li«aiiiylulyilo  (rrnuMii  dcjilmycd 
by,  331 ;  It*  acunn  on  Iain,  iti. ;  arilli- 
clal,  hnw  prapnrtil,  Sll,  KK ;  Hi  arUon 
on  pirulclds,  a^KUl;  nxlnr*  vl  fta 
acUnn,32H;  Mvrtt ion  uf . 33H :  wrivtlan 
ol,  iutlucncivl  by  obtorplliiii  n(  fi<o1, 
840;  tofiiiailiiii  of  [nv  and  In,  393: 
ohanipu  in  iu  diaranur  aa  dixMiluii 
procaada,  ItHH 

0«1attn,  In  food-alufll*,  311:  ai-ilon  «! 
fuliic  JnlL'Bun,.tSti  lla  effcvl  u  t(KRl. 

GntatJan.  Iiiuiiaii  (writMl  of .  1 137 

GiddincH.  a  r«u|[  nt  iJliiananKrDieul  «t 
coordinating  inaolunvry,  T3S 

Oknd.  nllTaiT,  Tcnoua  pnla*  In,  S3S; 
(ubmaxillary.  of  dun.  double  nam 
•up|>ly  ol.  tSI 

Glandii.  altniDiliHiua,  313;  of  Cowpu, 
1113;  Baalric,  accrollon  tram,  liOav- 
mltlonl.SW:  of  nnwi.rmi:  otbat.ib.: 
tduuise*  In  oeniral  c*ll>al.  ib. :  iacbr^ 
mml,  Vff:  of  UvWrknlm,  ."Ma;  lym- 
phatic, niDlliplicallon  ot  loiimpytM  In, 
'  43;  ni«nunaTy,*triiriiirv<it,tlll);  mani- 
mary,  at  blith.  014:  Halbonalan.  9!H: 
ot  Moll.  tITs:  aUinicoaf  gmialai  mat* 
l«rln,3tHi  oi^nnn.ottmg.asa;  |Mo- 
tld.  donbin  ncrn  lupply  to.  3W:  paro- 
Ud,  ehaniCM  of,  duriux  Mrredom,  MS; 
aall>ary.tcDOU>pBlMln.'j:ir>;  lubinai- 
lllary,  of  dug,  donbi*  m-rre  supply  of. 
38T,  3»I.  33a:  cBfct  of  nUmnlatluM  ef 
ebitfda,  SSfl;  tttmi  of  ntrTieal  qnap*. 
ibaiic.  33T;  <vll  chanss  In,  »14i  Uiar- 
na!  changv  In.  i>3B 

aiobla.  ifaa  pratehl  nuwiU«iant  of  faamo- 
ItloMn.  tm 

ainbulinii,  a  iroup  of  pmtcld*.  19:  tbair 
cliang««  t«  B«id<  and  alkali^albumln, 
Sfl 

alnnanill.  tbe, irrrctlon  by,S30;  (paelal 
ntttiancaa  Rxrmlfl  l>y,  U|:  effort  ot 
blood'fnvuon  on  ibe,  iSi;  oomplaaliy 
ot  ibalracUon,  ft3S 

G1(«*o)diarya(nl  nem.  33S 

Ukittla.  thp,  MRS-lon ;  rfeAnvM  tn.Jaitac 
uUarance  ol  rake,  IOTA,  IIMB;  nan««< 
Inc  and  wlil* nine  of  iba.  lOm 

Qlyoarls,  \u  dTect  on  ib«  hofAde  oall. 
S7H 

Oly«ln,  a  prodoM  of  niFiabollMn,  S!B,  SSS 

()lyondiaHoachl.:iSe 

aiToacan,  Ita  ptvMnea  In  wWia  earpoa- 
cka.  3Si  In  muagia  mtmumt*,  K,  STSj 
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In  |)laiii  BKUole,  1^1;  Ip  embrjonii?. 
SJ'A  :  In  hepnllc  OrlU,  Mi:  In  tha  pla- 
MiiU.  074.  \KS.  1139;  in  Ihe  lootiii, 
DID  :  In  llic  (oTliu.  lllKJ 

OI]r«nic»ri.>'liar>Ri«ir«  of, Ml;  iU«>iiT»r- 
•lon  by  Uio  Uret  luio  uDEni.  3U3 ;  aiot- 
MK*  ol.  in  Uio  Ilvor,  RiTi.  ATO;  iiioiiiifiK- 
tnra  ol.  TUB,  TTU;  winter  ■(ora^  of 
tMpatlo  of.  In  tR)|[.  MS 

OoIeI.  orKBii  ol.  10i;4 

Chill,  I'll]  uniri  ol.  lifU 

GiAlr,  nud  (ruulv,  lliulrtnailmummiuioitk- 
elcr.  :il() 

Gout,  nrciimiilatiuD  u(  uric  acid  tn  tbe 
blood  111,  niol 

Omnfinii  [nUiclt<,  I1S» 

(irttiiulpi  111  whim  ciirplliicl>s,  3T.  40;  ot 
roiiini:  j^tiiniliihir  iwIIh.  ■'HO;  ut  iv(tl»|[ 
olbumiuoiis  ci-lli.  (6.;  ol  rating  niii> 
cuiiK  rvIlH,  .144^  ill  l«ui:iic]rl«*,  419i  In 
hepatic  Mill.  Still 

Griiulli,  liiiiimii.  i-iirvn  of.  llOi 

(irUKncr's  nwiliud  ol  prepiiring  flbrlu. 
32T 

<iUBli1D.  prraonee  ol  iu  urine.  SIT 

OuiI'I'n'H  I'lillltUlHIirtl.  'Si 

Guitiktory    sviisutionit.   tfe    SeniBtloiu, 

KiiHlnlnry 
Gymnfoin    BylvMlrs.   ei»l*lor7   tunta^ 

UuiM  affiHMud  bj,  l<KU 

Hmmarytomolcr  draerlbad,  34 

Hs^mmlriRiuineteruf  Volkmiiin.  173 

llnriiBiiu-'bomoiia  o(  Vlerordt,  1T3 

of  ClMuiVHn  >nd  lorli^t.  ITl 

Ibenuiiln.  SB  1  Ita  (clai  lonMTlth  bilirubin, 
34.  9S4;  oiytin»Jiiildiii)(  p<iwor«(.  4>iOi 
Ima-frM,  MO,  Ml 

HwniAtobluu.  davolopnutnt  ot,  43 

H.-nmnloidin.  081 

Hiiiinnloporiihi'rin.  Km 

Hwmin.  crytlnls  of,  IfiO 

Hn'RiUKbibln.  ^J.  lAll;  nn  axygcn-lKiBrpr, 
SI.  Sil.  V^;  il*  i<n)|ii)rllaii  in  rfd 
oorpiuiclps.  47;  In  rci  miiiclo.  Bil; 
cryalaln  o(,  -tUl ;  Kiwi' i msec [lio  riiat.urMi 
of.  4A]:  itppctrDvtfnpli?  fcnturvA  of,  rf' 
ducvtl.4A;l;  rMlui'iil.  i^Iiaiiiei*  ■■!  rulonr 
In,  IM  :  Bbsorpttoo  of  oiysen  by.  4.Vi: 
It*  r«iiiliii>:iili»i  with  tium  ollii>r  tlinn 
oxyi:^a.43*:  prod ncta  old wompmtl ion 
ot.  4SH;  it*  ntuplratory  tQnrtlniiK,  WO, 
SIO^  it*  rvUtl'm  to  biliniliin.  M,  S»l; 
of  (a-ml  arlrrlnl  blood,  liai 

HicRiiirrliHpt,  ittcffiiol  on  blood'pr««*nrv, 
•2IM 

HBldlnmr'n  hriwlim,  ITT 

Hal  I  lie  I  nations,  oculsr,  93T;  andltory, 
lOM 

HMd-voic».  Iiow  prodnml,  H88 
UearltiE.  teoiniloivi  ol.  TlMi;  monhaniuna 
«t,9iW;  UnaursJ,  1033 


IlBBrt,  Tisible  moTcmBDla  in.  181 ; 
cliangM  til.  dnriiijE  ordlac  cycle.  183 ; 
■uriu uio- vent ricalar  >BlTra.  aMiou  of, 
IK):  aurlcninr  lysiolc  ls^-.  vcnlrlcu- 
lar  ayBlule,  lAI;  auri>-ulO'Vuiiirtriil«r 
vBlvu,  ncllon  of,  183 ;  nDinllDiur  talnih 
ai'lioii  of.  194;  cliBiiitn  at  Inrm,  IHS; 
tardlBG  tmpulK,  ts7;  loSDda  ai.  188; 
|]i«iuinn>rivrt<il  Iiy  (anileeaiillac  pro*- 
UTO),  191 ;  Kruplilc  reoonl  of,  im-Uff ; 
n«itBlIva  jinMimifn,  1K,3I2;  pntanM 
In  Ttfuirielc,  iho  pfaaia,  SIOi  diinlion 
ot  tarillBi-  pliasa,  213,  :!ia ;  BUinMafy 
«(  eiFiilji  ill,  3IA;  vrork  don*  by, SIT; 
iwqucni.1)  ol  aTDnt*  In  bcM  ot.  Ml; 
power  of  iudep«ud«ni  rhjtiira  (a  Uw 
Mvnral  pnrta,  SIS;  cbAncton  ot  Iho 
conimeilun  of  muaonlM'  Sb«<«  of,  313; 
Thythmlc  banting  due  Ut  )ni}nlH*  pn>. 
OMdliiu  frumnvrvrnrtltot  thaiptniitta. 
343;  inblbmonot  bntot  iufnis.MS; 
in  niNiTiiiinl,  ZKI;  nnnnicniatlon  of  bcatt 
«f  in  frog,  'itii-iM;  in  smniBal.  VO; 
Inlilbitury  Mid  Msmmtor  Una  In 
frog.  943,  SIT:  in  mammal,  SS0-S3: 
inhniltlon.  nOax  ol,  SKI;  MMiro  of 
Inblblilon  of  (c«rdlo-iabibiliHTc«iiU«>, 
Sno;  liihlliiilnD  and  nngmentailea  of 
best,  iinture  ot,  399:  biblbitlen  ot,  aM- 
jMndinl  by  ■trDpln,97 

Bearb-beat,  rrinilalinn  »f.  231;  biitnite 
rmgnlailon  nt,  900,  'ii ;  irt^pmtat  at 
nornial,  in;  intineucM  other  ikan 
nrrvmis  Klltcliiig,  260;  Wilatl»M  of 
with  vaxk-motor  sycl^ni,  301:  mam»l 
rate  of.  307;  ilnntng  cflMtBot  renova 
blood  on.  flias;  dorlBt  oqdiyiis,  Bdl; 
ot  thp  balw.  1146;  dcatb  marked  I9 
ccMBiion  of,  IIW 

Hoat,  five-n  out  by  ronlr>c4ln^  m«Mlt, 
Sft;  lonot  «n*rcy  iii  tha  lunn  «t,  I13S; 
bodily.  maaaUTomMt  of,  liSS :  M«m* 
anddMribulionof.SB;  modMBidaM 
«f,  GIO;  rec"'»''»n  of,  by  rariallnat  la 
low. (HI;  pmliii-iinBaf.AU:  lecrcaaed 
by  labour,  ii44;  rcculatioa  of.  hy  tlia 
n^rvog*  ayaMa,  IWt;  totraiwd  fm^ 
dueilon  of,  by  tailuiy  M  pun  of  tka 
br«tn,  MX;  f  rrai,  offCctt  «l.  619 

Ilent  and  mid.  aenM^oDt  ol.  IMl-MWS: 
M<pnr*tH  t*rin!nal  otfua  far,  MB>- 
iWHi  epl-ietmaX  unt  af  tMMHoda  ol, 

io:.T 

tiFlmhnlti.  maencllo  ln(*nnpW,  C4 
llciulRnopiiin.  T*l 
lli'iilf.  i|>liindrr  ol,  MS 
Ilopaiii!tclbi,clinB;«i>f.aat;  xlymiMla, 

AT?;  win,  l#ni|vraliir*ot  UaodtailllO 
[leriiiK.  bii  tbeory  at  oolour  iMaa,SSSl 

903 1   ooknir  blindOHt  Mcpblaod  by, 

tioa ;  M  l«  almullanewH  aad  fuoeMdn 

contruu,93S 
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INDEX.                                                            ^H 

Hr-rmami  nn  'niitoln  ■'urr«atii,  lol 

nouaapiion  of. 'JS3:  iIuIt analoc  wllb              ^^^| 

Hlpooii^h.  Ml 

i-aao-dllator  rilir>>»,  :Nm                                              ^^^H 

tlii>|iiirii'  lU'i^l.  It*  {iFAMin'o  in  urin»,  SIT  ; 

lu*{Hra(jDn,  medianiuD  of,  tXS;  novo-              ^^^^| 

bow  formol  Id  tbv  kitliivy.  MO 

mBnta  ot,  431;   laboimd,  pbanomaas                    ^| 

Ho|i|>[iiK,  biiw  enceunl,  IIQS 

of,*.ia                                                                    ^^M 

lloruplet,  tli(>.  W7 

UiiarcoKtai  mawlu.  tbctr  work  In  (Mpl-              ^^^H 

Ilono.  neat  ot.  tifil 

iXA                                                ^^^H 

llutriour.  aiiiivmiH,  9TS;  how  fuTnlilml, 

Iniermcdlate  lliu.  In  miucia  flbra,  S                    ^^^H 

U73;  vltrcoiii.  W* 

tnlMiiiilt»tii7i<,  ranllac,  SMI,  301                              ^^^| 

lliiiijiFr  Smi  liiinit,  tu^nanllnn*  »f,  ItIS 

Inlcrni|itur.  mnsupili!.  i^t                                       ^^^^| 

UUKlilp.  mi-nibrnnc  iiiniionieter  of.  UM^ 

tulcMlna.  abaor|>Ilim  nI  [lU  In  ttip,  417 ;                ^^^^| 

llai;  itm'iiiifi  <>[  vviiirli'uliirliid  norlio 

abaortrtJoii  of  diff lulblo  lubataucoa  aud              ^^^^| 

preuure  by  appamiui  of.  Mi,  2»l.  WS, 

4'JO                                                             ^^^H 

a>.>,  '£t3 1    ililTvnTnliiil   iiiiiit»in«l«r  ot. 

.  lance,  marwmtattm  of.  381;  cbangM              ^^^H 

aufii  umbourvphygmoHapeof.  sn 

ol  tood  In,  XK;  dljfMlloii  ot  <!H]lal<i«»                         ^M 

HyilnicliJuHc  acid,  tna,  Id  tc'ol'lc  Juice, 

In  IbP.  306                                                                                 ^ 

aaj 

,  unalt,  mnvoiiwol*  ol.  3N0;  choagna 

HyilrORCn,  •voloiloD  at,  in  wuill  itiMa- 

ot  food  In  Uu.  3lll>.  -An ;  Irimamalln 

llnc,  »ia 

cbangcB  ot  tood  In  tbe.  'JfA ;  lluldlty  ot 

lly[Mr]Hi(i>ii,  4WI 

tiMxl  maiiilAlnvil  In  lbi>,  433 

Uypoianibin,  prMeaee  of,  In  arln*,  SIT 

"  Intrliwlo  light "  of  rvtlba,  MM 

Imllna.  coloration  nt  atxrrii  by,  310 

niiuioii^  viiDBl,  Ml  i  UotiU.  1069 

Irl*.  dvvelopnipul  of  iho.  tsi :  Diiuciilar 

lautg—.  Mtlaal,  tonnklton  of,  KKMHA; 

anil  vaafDlar  changaa  in  iha,  tIST 

In  ralMloa  to  tsnMliuua  niirlted  by, 

Imu,  It*  pnmnoe  in  ba-inatln.  480;  in 

SIS;  •ulapilrKl,  STtt 

binmoKiablo,  460;  In  bila,  au.fiBSi  In              ^^^H 

InpultM,    iii>rt»uH,   St,    lOG;    eWtrlcal 

Iha  (plftn.  A83                                                      ^^^| 

<itiIli;C«  Bi-companjln);,  lOT;  opdlac, 

Irradlailoii.  !IX!                                                                ^^^1 

^-1;  iiioiliT  111  nvi>riiiii[£,  '2l-i;  jin'i-reiit 

IrrlinliilKy.niouiiilsrand  nen-oua, S3-W ;                ^^^^| 

Bud  cdfrPDi,  tiTti:   [heir  pnthi  a\oaf 

Ihclr    mutual    iodcpcodencc,    Xt,  &I ;              ^^^^| 

tiiori'Rl.Mm.mi.SlO;  ivlay»  111  uoniM 

dtnlSuitloB  sod  diM^ipwinorp  o(,  afUr              ^^^H 

of.  »n.  HIO;  cnwitlig  of.  ml ;  wiUHiry, 

dntb.  SO,  tt:  «■  kflTaeied  by  cIciTtto-              ^^^H 

ililTFrpni|«ihatin'difl«ninI,80n;  trniw* 

loncM,  113;  clrcanataDeM  di>t«iiiiliiinit,              ^^^^| 

mllUd  by  grrj  mkttaraad  iDU^rnuoclftl 

13S;   oralrifugal  Iob   ot,  la   HTcml               ^^^H 

irnrla,  W^;  antpulUr,  733;  motor,  eitret 

DOCTO,  S3Bi  iDllncnna  »t  t*ni]i«ratani              ^^^^| 

at  •flcrvnt  InipuUn*  an  Uio  eo»ntlna- 

on,  13T;  kntuenre  ot  blood-sufqily  on,              ^^^^| 

Uon  ol,  T3:1,9S.'>:  vl.iinl.TSl.KH.SWi 

13S;  IndnanMof  tuncilonal  activity  on,              ^^^H 

ftudltop',  bun  Dlc!lt«j.  980, M3:  %W\\- 

it. ;  pmvnre  ot  oiyi:?!!  a  randttion  ol,              ^^^^| 

■Ary,  ii«TFli)pn)(Mil  ot,  tWO,  WO;    roli- 

t3D ;  protongad.  ot  bean.  Il4i                              ^^^H 

ifoiial.  iliii?  rsqulred  tor  tnmmlidiHi, 

Irriunu,   Intlainiiwiotj   mUoh   ot   oa            ^^^H 

Tit;  voliiiiimti.cimrMof.liiiDaiialaiiK 

Umum,  391                                                            ^^^1 
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Rorcrnawai  of  b«ui-teat  ky,  <■  bofc  ^^H 

^^H                 Mracai^ogramm  SOS 

349.  S!^:  a ralud  asm,  Ut ;  of  — ■■  ^^^H 

^H               My««MmllB.W 

nal.  inhibitory  Hbraa  In.  SIQ:  s^vlr  ^^^H 

^^^M            iif  iijuiiii.  rr.  jifrtaiMn.  nn 

to  Ilia  Momafh.  330,  38S;  i>  iha  1^  ^^^H 

^^1                 lly«ahi  in  dMd  naad^ST.M;  tn  vUU 

^^^^^B            cofpoaclM.  38 

tahOriiocy  Otow  In,  9A  MS,  3»;  l»-  ^^H 

INDEX 


ftfiMiM  on  rMplKHoQ  of.  IT6;  on  the 
clreulnllon.  ix\ 

K«ri«-«nil]iig«,  iiMiclltc  Icrtuliutl  otigtoa 
of.  for  laMei,  1031 1  tor  pnunra,  llKt7 ; 
cutuiaou*.  lOM;  tor  kMt  nnd  coM, 
l«H 

Sorva-fltircai,  efTerent  and  afTcTeul.  Ul, 
iVt;  r*v*ihi>iit.  l-t'J:  in  ai))!!!!!  enrd,  Hit; 
tncflullatcil  •n-1  non-meilallsMd,  HTi 
viu»«on)itrIct<>r  Aiut  VMi>4llBlar,  WH; 
VKM-MoiMrlfUir,  coune  of,  3TS;  nau- 
dUator,  (onrM  ol.  2Tn :  tnblbltoFy  and 
aoKmeni-jr.  2iV);  Hwrvuiry  sud  Iropblc, 
asii  nuirlUoii  of,  c>7U 

Kerrl  rrt£vuls»,  v:MiMliUlAr  Rhrtti  of, 
VT8;  Brtliiii  of.  oa  tlic  rrctam,  'MO;  ao- 
ttuii  on  prnln,  ttnil  rkiM  of,  I  III) 

Nerroiu  «y>iom.  ccutral.  roiitrca  Utr 
firttiimiiti''  atiil  rvdu  actlun*  hi.  lU^ 
141:  iiuo-inotar  tnucUons  of.  :CTT.  IMt: 
raiiulaiiiiii  of  tamiwrMura  hy  Uio,  IU5, 
MT;  miMalKiliaM  jtovcrned  byilw,  £M 

—  mwhmlam,  coordinating,  ID9,  79!^ 

N«)irtn  hi  nantm*  tlMO*.  106 
N«iinifUa.  ol  wUm  and  gnf  maltn  ol 

cord.  CBO 
N«umkrnilin  in  onYe  mrdnllA.  106 
Ncwi.  rlilff  cell*  of  gaairlr  glarnlt  In.  34fi 
KlUuftMi  til  iwolelit*,  IT;  >■>  I'liiir"-!  air, 

Ml;    nlMtaan  of.  In  the  bluod.  «tili 

fi«>.  InaMbnUahls  b;  ilviiiu  Imtitc*.  <'S-1 
MItroiiBiiolu    wiula     nM     lupromol     by 

nin«cl«oontiavlinn,!K,9Ti«>iuIlll>rluiti, 

"  Nomd  rttal "  of  Floumnii.  473 

Xoltni  anil  muiical  nouods,  OOS;  ehar> 

aeron  of,  10(C 
Niiatrlla,  tlieir  work  In  iiiH>i ration.  438 
NotFh.  dicroUr,  In  pnlu  irai-lniDi,  £11 
Nolo*,  hnw  produmd  vuraUy,  lOIS,  lOM 
Naeloln.  In  vblia  corpovlca,  3H;  a  modi- 
Aiid  prniitM,  4I-,  acwimUMDiit  ut  milk, 
ISIS:  of  Munen,  lim 
NutrtLicin, lUtlRliPi  at,  KI9:  Ineom*  and 
onlput  of  maUrin]  in,  033:  anmmary  ot 
plinnonitina  ol.  6S1 ;  of  mOMlo,  flB2 :  ot 
moBFls  ItiemBHd  by  aetlvity.  138;  Id- 
lllMnoei    iltrMmilntng,    OM;     nnrtont 
control  ol,  em.  TOT ;  dtooideral,  pbi^ 
nontMiB  of.  iViii;  of  nerTO'flbNa.  ai9; 
«r«Blbryo,  1139,  liai 

OdoBW,  piwipttM  of,  1028;  di*crlmlua- 

aidvina,  pontU*  ntnMt  of,  XK*.  VtO;  In- 

flnmnutory.  410;  of  Brle'it'*  dlHHue. 

411 
(Eaiiphacna.  moiBRiFDU  of  in  HvKlulttloo, 

STfi;  Inn-e  of  (viiilnicllon  In  Um,  (4, 
Oil,    clotlins    of    blood    prevanWd    bf 

prewneoof,  St 


Old  ■(•.  rlmioiiMpa  at,  II5I :  dtcnuff*- 

t1on»«batac(arl*iiP»r.  lins 
OIHn,  pwtneo  of.  In  binod.  41;  a  con- 

uliuonl  of  animal  fat.  iVtl 
OlfaoUiry   bulb   and    iraot, 

lOB:  juilcmouia,  KHT 
ODCOKrapli,  renal,  SI7 
(>lm)mnt«T,  renal,  S9>,  KD 
OjdilbalmuHiope,  principle  of  thE,  92S 
OpOe  dilaiimn.  TKI 
lobn.  rpsulta  ul  rvuiuTal  In  (rog. 

■m 

n«rTp,  It*  dwitMAtlon  In  ohlanaa, 

7M;  an  riionslon  Irani  the  btalD.HST: 

(•l-il<'i'ni>,Kiil:  flbiM, ihair  Inanulliitity 

to  llsbi,  UlT,  lUU 
—  tbalaml,  T«aulia  ol  removal  In  ttog, 

T3T 
Optkvl   ayuMtnt.  ilmplx  and  eompltii. 

MO 
OpIORTHln,  bow  ohlaioablr. !!;» 
Ora  wrrata.  83S 

(ndenl  by  rioe.  It*  mod*  of  ai-il»n.  SB 
OrttBaa,  definitloD  of.  H;   innilnal.  tor 

■tnMlloiu  of  ttneb  and  leuiporaturo. 

lOni ;  lor  KniMtliias  of  jirwaure,  lOM ; 

tor  TCDnatlon*  of  htnt  dlSereni  frum 

ihoM  tor  aanaallona    tor  cvld,  lOSS; 

naton  ot.  lOST 
Onnna  of  reffodnirtlon,  ffonalc,  1111- 

1113;  male.  1114-1118 
{In  nuri,  ospanalaD  of  daring  '  labvor,' 

I13T 
Oulclon,  auditory,  WO;  ■ttochmanw  of. 

986;  coBdtietluii  of  vibmiuna  ihroaKh, 

a» 

'Oulpnt'  ol  bloAd  by  Tmttlalo,  l»Ti 
Increand  by  ausmetitor  anion.  SSB. 

Ovum,  larapa  «(  the.  lill;  uaaafxrviWO 
to  the  utcrua.  nil;  imfurcgnMloB  of 
Uie.  lllit:  DUtrlilon  ol,  in  Iha  ntaraa, 
list 

OiIdHilan  In  tlw  tliHDea.  ntat  at,  4m 

QxyKi^ii.  lU  abAi-rrAiaii  by  Ihe  llTlng 
bodjr.  2;  borne  by  the  blood  to  tfa* 
iiwnf«.  I3i  la  jmiuiila.  It;  born*  by 
batnioKloblQ,  XhX.  401;  lU  ennmnoa 
lo  iha  blouil  by  dlffoitai,  'IM :  tn  air 
aspired  and  IniipiNd,  MO;  ralailraprD- 
porthni*  uf  Id  ailcrial  and  Tcnouahlaad. 
443;  rtrjtng  atnoanM  of  In  vt*hiui 
bh>od.  447:  retaUooB  of  in  the  bhud. 
447 :  obufption  of,  by  blood  not  ac- 
COnllnf  to  '!>«  of  |imaana,'  418; 
lis  metvm  to  the  tiiM:  to  ibe  ooriHuwIa. 
4R3 ;  lu  rablhni*  la  tabiiurvd  btvatldm 
and  acphyiia,  tlln;  mode  ot  ■ii>fnx«  In 
miupic  ilHna.  40^;  •Bfrl  on  r<'«fdn>> 
lion  of  defidraey  ol,  4)^7;  tflfvi  ot 
brflBtUl«,  49(1 ;  multa  of  high  pnMWit« 
of,  4M;  mode  of  nMuuriiijc  aiDonai^ 
OcnuulDod,  iiS3;  can«ninp(lon  of,  aa  ^>S-- 


IN1>EX. 


U7T 


PtoUijumosraph,  prlnniplM  of  lu  •othw, 
nt,  1T8,  IM;  uDouni  ol  blood  In  pari* 
ddlamnliiwl  bj'.  270;  for  ki-tiiBf  iiimw- 
urniipui*,  KH;  tor  neuurDinent  ot 
bliKMUiuiiply  u>  brain.  S30 

Plvnrnl  cuiltjr.  n«nU  uf  moMmot  &fr  to 
the.Vli 

PlMiw.  Iirachlnl,  ruDiiirlirlui  and  dllaloi 
flbm  in,  mi 

l>»*niiiaU>|ni|ili  of  Flrk,  UI 

PD«aino|cniph.  Mmry't,  43U;  tracing  «f 
mi|ilr*lor7  niovvmanu  by,  403 

Pulamlntc  currvol.  iniikblllij  ot  nem 
atrwtHl  by.  II-J-IU 

Poaliin,  SMM.  hunt  miiliitiiiiicd,  1109 

Poluwlum  Mlu  In  nrll  tiuiia,  :i^  41 ;  In 
miiM-l)-  iImiiv.  M.  91 ;  in  ■rise,  3lit 

rrnllcrolte  wnTp.  lu  cailui,  33 

friNcniini't  aiicl  blrlh,  ItlO-ntg 

Frcuurc,  ■ilrilat.  u  eomparad  Vllb 
v(iiiiiu»,  UH,  IIW:  M  alTMttntc  pnlM 
trocineB.  zb:  lii-iirl-bo«i  In  InvtrM 
ralln  to, ail:  MockI.  in  iba  xmall  vm. 
•fIb.  pFn|>lu<ral  t*Kl(>n.  I'l,  lai;  fl.m 
ol  lynii-h  niKuinlol  l>j.  40:t-|iU:  cn- 
ducanllac,  till ;  irrapbii!  (Morib  ot,  193- 
IW:  ne^tlva  durtog  «*ch  i^rdiar 
«y«l(>.  t!>i,  IIB;  hnn  iiroduMd.  9)1; 
■uilciilur  unci  ri'nirtculur  roni[(tr«ii, 
ita.  IS3-.  ot  MlirHry  MVrrliou.  SXS: 
of  blip  Hcorvtlon,  iVjU;  pulmonary, -477; 
Ihnracic,  4^1 ;  tliorni'k'i  nvKallro,  SOO: 
pnrliiil,  (if  KiiM*.  *ilii  abwrptlon  ot 
OiyKra.  di'immli'.Qt  on,  Hi^;  rwulta 
of,  IDS;  almtnpliprii!.  etIeeX  ol  dlinlnii- 
tlon  of,  4B4;  Incrvaax  ol,  V»i ;  nt  car- 
bonic acid  ill  jiulmonnry  ulvcoLl.  4iXi; 
wlililn  llip  blnrt.ltr,  MT:  ltitr»-i>i-nlnr, 
coiidltl'iua  alTH'liut;,  U73 ;  nnnatloDa 
of,  lOCIT:  mmllUi'd  by  lomiivraiur*. 
IBtS;  wnitl  111  Illy  uf  akin  lo  cbaiista  ol, 
1«»,  lOM! 

Pr«Mum,  H«iiry-I>itUnu  law  of,  44» 

Pfimutillnl  utricle,  1 

Pmceaaiu  vomU*,  and  miuHTUlarti.  ttfli 

Proit^dk,  KoniirBl  oompoiiiton  of.  IT: 
cbaaiin  In,  prodnunl  by  alcohol.  M; 
in  foud-«i iifTs.  nil;  at^ilon  ot  KSMrtc 
Jolea  oa,  X!t;  «t  pancrnaiio  ]uici>  uu. 
3M;  Hamlflr«ilnn  of.  In  coder  ot 
MlublUiy,  :iZL';  path  Uk»n  by,  ilnilnc 
<llK>«lli)n,  *tr>:  a  Kiunw  ot  lal.  «M; 
mctabolUni  ol  bmly  lcen«a«d  by,  flIT ; 
d]iirii|iliiiti  ul,  diirlnK  di|caMiDn,  KK; 
probable  molecular  compBallbm  of. 
Ml ;  imalbl*  •uirac*  o(.  Id  lh«  body, 
IST :  "  tlwup,''  or  (niirtdiatlo  and 
"  doailntt  "  'ir  I'lrrnlalliiit.  63T 

Pnii"!-)  nia(ertHl.  a  coniiliuent  ei  Uiing 
nuttivr,  41 :  poivnilal  anMiiy  «(,  «i- 
prrv«l  III  (laloiioa.  VSi;  UW  |irM  «I 
metabollim,  631 


Protaplum,  deftnttlon  tit,  4 1  "  f  iffatt*- 

■laint,"   4:    andifTereiitlaifd    In    (h» 

embryo,  3T 
HnndojNidla   of    lb«    irliitc    oorpuulM, 

animboid  tnorimienia  by  inHnnv  ot.  13; 
I^ycblpal    pnxTw^M,    analjnii   ot,  fCI : 

durailon    of,  833;   vUual,  irompleiliy 

of.WJ 
t^malnw,  tlicir  laurtcrlal  otl^ti,  UH 
Plyalln,  a  uoiwUdU'ot  ot  Mllia,  318 
I>Db«ny.  pbanooMDa  »t,  IIM 
Pidae,  tha,  U3.  SID:  luDUindi  ot  m»rd- 

Ins.  3l»-2Z3:  a«lfirial.a»,ttr!  ehar^ 

acWr*  of,  ttl:  dlaappaaranet  nT,  736; 

dlcrotbun  In.  SSCkSSS;  an*aotle.  li.; 

irenoua.336:  teaooK  MfltaUiTy,  SSI 
PnlaD-TOlnnui,  2<J0,  all 
Pnla»>wai«.  tdiauun  ot.  In  tbo  armrlw, 

SI;    relotlty  ut  Uia,  1S»;  kaetb  ot 

tlM,fA. 

rnlrliiaF.  the.  endinit  of  part  ot  tb»  optlo 

traei  fo,  T8T 
Puneiura  Lwbryiaaia.  Hit 
l*nn«iuro  of  pleura,  mnlt  ot,  438 
l^iptl,  tbo.  MB  Eye,  pnpll 
tMtklii]#,  flcaraa  of,  Oil 
■"nrple,    vlaoal,   OSS:   bleaching   «<  by 

ll(ht,  OS 
Fua  oarpoM-lea,  Iheir  tonnatlon.  43 
Pylonit,  ajactinu  ol  rbymu  ihrouich  the, 

sue 

Pynmidal  tract  of  cord,  IWfl;  #ffi*reiit 
Datura  at  ImpaliM  of.  T33:  noi  indtn- 
pcmahia  tor  ivlnnlary  nioTenteofa,  Tl'j 

Pyranilda  ci  the  bidb,  ilecnrntioo  nt,  *3S 

I^rezla,  eanaea  »t,  mt 

Radial  anary,  uadac*  ot  tbo  palaa  Ik, 

ai-x£t,  aw,  su 

Hadli-al.  Iiici*al,«oMatinot,  41S 

Raukf*  -lipt  labia,  OSl 

Uaariloa-perloi),  mbiUTlihia  ot,  S19;  for 
rblon,  iMI 

BocHun,  nemnu  eontnl  «t  monaiaaiu 
ot,3aS 

Bwfwt  acnaattona.  BST 

Bollaz  acllona,  genawal  faatarM  of,  144- 
ItS:  doabtfnlif  tarried  oat  by  sangtla. 
144:  Bot  alwKjs  profionloMd  Ut 
•limBliaa,  lU:  ntien  pnrpiialia  Imduu* 
•eUr,  146:  vb»' motor.  TTT 

—  aetloiiBof  Uieivnl.WA:  faalanaal 
dapandtnt  «ii  afforaM  Infmkca,  <M; 
narroua  Mariuadma  «r,  6W ;  Ihitlr  K- 
lallona  is  lnial1lxM»«e.  TOI ;  ooonHaa- 
tiun  of.  TOS;  deianutnad  by  inirlaale 
«o(idUlon  ot  ooid.  TM:  other  than 
iwn«ni«la.70T:  inhlbltloaot.TOa:  l»- 
Mbllory  aFiioo  of  the  brala  i<a,  TOd; 
Ibna  iwf  nlrad  tor.  IW 

B«H>DCTMiaa  ot  «t;|aai  ia  towtantmaJi. 
IMS 


IITS 


IKDES. 


Ibgtfton  a(  lb*  voice.  1000 

B«lmiatloB  uf  iDU»oiil»  lilirs  ui  MwatUJ 
pittt  o(  MDtraetloii,  '3,  'JHu 

Rviiiinl,  riinlllnii  notiiiii  of,  on  milk.  SSO 

Bcnnls.  Its  ilirw't  Kctimi  «n  cawiii,  331 : 
it*  fi>riiiiiUuu  111  Kiulttc  «itU,  :03 

Kcprodurtlou,  l-iwiu^Pt  Atui  i»*cliftAliiD])< 
!)[,  IIO<l;  EonariU  tiViuia  u(.  1139; 
tciiialv  urEKiui  »[,  HHj  u"!'  oii^lM 
of,  IIH 

R.—liir!ilii'ii,  4;i-Sia;  iiiilninnnry,  cbcu. 
lallon  uiiJi-d  by.  ITI ;  lla  iiifcIiwiIkui, 
4:S&-t39;  work  iiC  llu  nilMolM  of  the 
rit«bl,4W;  liilK>urvd,lnilKlM«f.43H; 
•xplMtlon,  (he  explmtoiy  nundta,  137 : 
(banico  ot  UA{>ra«uur«  ot  ftir  in,  4fO; 
tliang*  ot  aqueotta  raponr  In,  440; 
dhMvn  tat  blo<-il  eaiWHl  by.  tu ;  dmn- 
toal  MfNU  ot.  170  L  u  inTolaniary  wet, 
472;  «»]ii»f  of  matmlareaatnctkai* 
■■,473 

,  foimauttj,  eaMIra  for,  nodBlIary, 

473 ;  auMmtle  Mlloii  ot,  iH ;  inflomca 
by  ■fluint  ImpalHs,  4i6;  dnptezlty  o( 
MaaotioM,  419;  <dl«it*af  IslbtioB  lad 
—ell em,  4SS;  4ottble  •cUtm  at  ngm 
tm,  4Bt;  natnn  o(  aoUoB,  491i  two 
lunal  halm  o(,  tH;  tadoBiicnl  bj- 
<tone»«rcJ  Wood  <»Tplr.  468  i  br4». 
fttiwey  o< oayy . 4W.  1134 ;  bjramM 
«(  cufeoDle  acM.  4S8i  b;  «(Iwi  chiitM 
1b  Um  Uood.  (W;  WBtn  tor  apnaa, 
jbHMWiMia  of.  4aB 

,  awyM-SMkw.  4»:   aftwtvd    by 

I  hitinw  la  ttttaotpbatie  fnmun,  491. 
«M;  lMaB«c«oa  arterial  |inmue,«Iir: 
anlfiela).  tn  cSaO  oa  ibo  eInalaUaa, 
an;  laqMdri.  lM«ll«r*  on  hwrt  bail, 
an;  a*  aSccifd  br  Miwealar  avik, 
NO;  nanlaUaB  of  uaapwaMn  bjr, 
Kl;  aaaOMtad  brriMptUU 

.faft»laaJh«ya»>al.4»;PMlaiiM. 

aa;  at  BMwlo,  4SW;  «(  •«»«  tlMM*. 
46Ii  of  Ik*  ■Bbrye^  UM;  flanaial 
n^and  arkjb  bfwcfeM.  U3S 

BaoplMory  qaoWtai  la  taiiHi—  and 
caiaii»ra  nxipand,  tK 

R-Uaa.  «H  Kr*^  tMla* 

BbMaotn  of  Ladwix.  m 

BbiMtHle  troc.  US;  rornai  al  actlM 
«bmia.  m 

KhTtkB**  «*—»■  «<  fUftm  te  afMy. 
n;  kMi««bMK,ivaaiaaaNa>M«M 

■  r.-T    'II- iTiMiMii  iiifciHaiii,»in, 
td  auraa  4n!a(   pny- 


I  of.  te  Wi|lratlia.  4M. 


Heori 


OloltaAr: 

taaTenhi^  «(  i 


ntBUT; 


nyotlii  dnrias.  9S;  prnfitailTa  imki^ 
of.  138 ;  aoMMton  of  b(M  u  otiaat  < 

Ml 

Bima  slottidu,  Uie,  aer  Gtottia 
KitUT  Valll  Uw.  \X 
BihIs.  of  tvliaa.  «S,  »S 
Kmu  of  aplaal  nerre.  111,  IR7 
BuOHniM)'*  caloflBrtar.  SM 
Bound  llgaoiBBt  ot  iiter«>.( 

of,  I  IIH 
Buy.    apliypuol  oiiniiietor   of, 

IMiriosion  aaiaala  nt.  :S40 
Btyand  AduL  oanlloaMCcr  of.  00^  3 
Boy  and  Bollwiaa,  mi  hod  •( 

wiocanHaa  pw—i*.  Wfc  MM 

£awtf  of  lango  laiMUat,  iwlMlite  < 

tiacilaoaol.an 
SaHno  oolaUoa,  aormtl.  daCa^  (taat- 

ooM),  16 
galira.  chandcn  aad  pmpwiltB  of,  A  ; 
lla  pMfotlkB.  SH  i  lU  mnjttij^  me- 
Uon.  ng,  an;  tkancteM  ot  poMU. 
anhniilTlai].  mMIsk^.  aad  ■fi»l. 
KlS:BBO0atdaaTaKfBMd,XB:ndax 
Mcmloa  of.SSi  oitia  lor  aioailM 
of.  In  nadalh  iiynaffla.  JB;  *l4m^ 
Mv^nkal  HM  of, »;  od  ifea  talM. 
Ut« 

Hela.»l 
Salla.  aaanal.  aeadod  lot  Tiiniiilia  of 
SMa.»:  <aMaB.cktttacaaa*Mal 
by.  tt..-  paJMUm  od  ---  '  it  i  r' 
bMM  M  B>M«d  ky,  sa»:  ta  ^rf- 
Mslk  nS;  atiDfirtaa  oL  <U;  » 
fool,  a»;  l^iwwaaai  of.  fcr  Wk 
tknof  D«rtviu  rfttm,^m:  ^a^^Mt 

MMaufniMrW.  63!;  ktia«t.Mi 

AwMalnt,  eartOwa  oC  VM.  ME> 
SanolNaMa,  KnenMaC  S 
SmhaiBMeta.  (feo,  Uair  ovf^  hiw- 

flibiktrt. 


BdMlle«oM«fal«L< 

BiMMiia  af  aalra.  au  i— 

aC«d:ot«Mfc|aka>.» 

atal  ««MtiMb«  BC«ad,  3 

la  laawlaiM  cafc»lg: 


"•ri 
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S-'jinii'iitfitinn  nf  th*  iivuni,  S 

»uIl~iiet-iilou.  3S'.>.  'Mii 

8)-tf-i<i<)tin1i'iii,'U 

Bom'^u.  clicinicii]  eiim|>u«ilii<n  of.    lllS; 

vnilKiilon  At.  nr  KmlMlon  o!  iwniDD 
BemlclnMLlnr  cauuls.  •flfcUol  injury  to 

(hii,  T.Kl 
Svinilimar  ihWm,  ilielr  iiRiiiin,  IMi  dl- 

i-riitt>'  wave  oi  kScftctl  by  clHUtB  ol, 

geiKwIlon*.  npcd&l  auditory,  IM-IIKU; 
Miiituof.  inx):  tiulonot.  1W» 

.  c'titiiui-oiut.  T1M-«II,  KXC-IOM;  im- 

l>»rt&»M<>t  oniiinui  In,  KUl:  of  pren- 
■lire.  lOSTi  lomllutiim  of.  lOIKi;  of 
liPAi  uul  ciitcl.  lOll;  of  patn.  ItiM:  »1 
tniK-li  ftiii]  iMniMRiium,  ii^riulnal  ot- 
innm  noccanrj  for,  HOI:  of  pnuiura. 
Ii>ruiiii»l  ntguit  (or.  lOU;  dl  Jiwil.  t«T- 

mlnal  orsBiM  fur,  iBflvMitt  (mm  thoM 
of  cold.  100(1;  oounKtloii  at  witb  Iha 
miutulnr  KUM,  lOOS 

,  nlfiutory.  icei,  103S 

of  uul*.  TUB.  lOOtf-IOSn !  omuiXf  M- 

roTupanlwl  bjr  iitlwr  MniMJaiu,  1029; 
cau»d  by  cloFtrli^al  nr  mwhaiilrltl 
■ttinall.  l(i:n;  ''•ik.IIiIuiis  of,  1031:  ■•>■ 
(itli»liori  of,  \Oil'J:  clliidbuiion  of  tnr- 
DilUiiJ  ort(»tiH  for,  lOS,');  lliiMirt-.'ii  u  to 
■Dixd*  of  nrlittii,  liKM;  nnrviui  for.  IfOn 

,  vUunl.    prolHible    procnwlve    dc- 

vrlnpiiwitt  of,  TIO;  pinornl  ftiMiu*« 
of.  MTSl  fiufod  uf.  SKS.  8M;  IomUu- 
tlonof.  WU:  of  colour,  Wt:  of  oolonr, 
dup  to  mrtabolk'  rbaiiBOT.  9)1 ;  payobo- 
logtRHl  loatom  of,  USH:  ihclr  want  u! 
•gnonieDt  with  pvn-epllona,  nsl;  r^ 
evraiit.nST 

.  Mffcrrni,  u  tnfinni  In  coontlnBtlon 

of  ll1o•l•nlt^^l.  '33:  croMlBg  of,  tn>m 
O|ipoil»  hrmlspliPtn  ot  hnilii,  KM:  dp- 
v«lnpni#nl  of,  klonit  Ibn  iplnnl  «ori], 
BU:  IrannniMkrn  of,  nllliln  tlia  tirniu, 
BOH;   oonnllnmlon  at  motor  Impolici 

Stom:    the    mUH-ulnr,    Ifl!V>:    nt    moTo. 

mt-iit,  of  p(i*EIInn,  nn'l  nt  *fforl,  i''<l\0; 

afrcrent  Impiilipi  formlnt;  biuli  o(.  lOHl 
SfiiiBllillil)-,  tpnprnl.  tfHl'<:  ruCTirrtnl,  iffS 
ttprciiti  c-nvillm,  lluld  ot,  40'i 
lliildn.nFilftt'iali'laitiniEaf.  £l;rliiir- 

Aflen  of.  4K 
Etonm  l*tt  HftAf  rlntttoK  of  filirln.  IS; 

danlml  i^onipoilllon  of.  IS- III.  IH 
S*nisi-iilhiiintii,it«ch*nu'ttiT«.30;  apllon 

of  icnslrio  JoIm  aad  hj<lK>afaliiTii^  »Hil 

en.  %l:  IniparMtiea  of.  In  nolrtlloM  ol 

niiuvli-,  ■'/,:■ 
»tx,  rtlffprrnoH  of.  llfO 
SliivKrinc  from  n>lil,  ieni|i«nilur«  r*lMd 

by.Ct; 
Sbiicli,  Indiiciioa,  S.1;  kaiui*  a(,  NV 


Sborl-'ImiilfnK,  H 

SiKbt.  (n  \'i*lun 

^iiiltlii)!.  (xmrer  nf,  <l«pefiil«lit  OH  nariMM 

iiiwliuiinn,  lUfl 
Slnu*». vitu(>iM,i>f  btKi&,828:  i^aniMftl, 
nil;  4UBllljt  ot  blood  to.  113S 

SiKc.  Joilgnient  of.  aei 

Skiu.  as  r«KuUtar  of  hcni.  iMS;  diffnmii 
ktodsof  Hbatiun*  i>  i  |irrli'  iirrd  Afvugb 
lliff.  Vim-.  M  Hfid  ol  loueli,  lOilD 

8lrep.  i-bL-niiiiiUKit  of.  IIM:  nfft-rcDt  in> 
piil>««»ialTi<clcd  by.  ll.M;  mplralloa 
durlug,  IIM;  llin  brain  dnrinK.  ll-M 

Siovll.  wuMliont  ot.  ItVJ-lQUK;  conical 
Br«a  tov,  TVt 

Sul>biuxaiidal(:li!nsandancvil]i}!.3Il.tlU 

SKdlum  cbloitd*.  tta  acib>D  on  jilMcna, 
33,  3D;  un  nrootD,  313;  (lyvhojal*  and 
UiirofholntD.  X6;  hfdrat«,  tu  nSari 
un  lliii  livHrl.  3IWi  M)pbtuili|nital«.  cj(> 
pralloD  »!  by  Itldimj.  BM 

St'lbjlly,  JiiitBincTil  lit,  9U 

Somatic  ncrn«.  Ill 

!t(iiinil,  mu«i(»l,  ol  «iait«ctlnK  moarle, 
liGI,  l!»:  of  tba  bMtft.  IM-lUl,  SI3, 
•SlOi  ira<tM  of.IWI;  oomplrx.  aoalyri* 
of.  1U11:  ptyeUckl  nature  ol  apffcela- 
tlon  of.  lOla 

Soiuidi,  mnslcal,  eharacipr*  o(,  IU21 :  afi- 
pr*rinlk>n  of  outwiuilnvm  ol,  Vtll; 
Jndicniiint  of  dirtrtinit  ol,  lOtS;  Jud|^ 
iDcni  of  dixlauce  of.  1023 

apaeirutD.  llralialkiualTMbfliiyaf.m 

SpMch,  conl(«l  are*  tor.  UK,  I0«S;  a 
akllM  movMnnnl.TOS;  nuiTaioculs of, 
bUaI«ml,  THl;  cauaia  ol  virloiu  Inipor- 
(Mllon*  ol,  11X1;  apKH*]  mivlianisni* 
of.  MO-IUO;  Kuadi  mad*  use  of  tn. 
lOOI 

SpemiBlOBO.  mavenivotsof, IIM;  action 
of,  lu  tlwoiii».  III'J 

Spbinrirrfof  atoniiicb,  ihcir  aHlon  dar- 
ing dieeaiton.  SIT  ;  tone  of  d«i«iidBUl, 
(>n  copl.  lU 

Sphincter  ani,  lu  netre-aopplj-.  SO; 
VOr«f («.  StA :  lTldi)i,HSH 

Spbyemocmpb.  IiU'lceon'*,  331 

Bphyicnanwupe.  £M> 

Spinal  oonl.  tr  Cmd,  qiliwl 

Spfrometer.  428 

SpUnchiilf  noTTM.  III.  itl:  inhlMMr 
and  aoffmrnuir  Hbrni  In.aWt;  |[*a|^Ha, 
111.  143;  abAomliial  Derrr.  aw 

SpWn,  Uie.  po>*]M*  formatkiB  ot  nd 
I  iirpnfha  In.  Hi  rhytbmfeal  arlloai  of 
tnuwio  iiMM  Itt.  Ill :  It*  at-iinn  itullnf 
dIfCMtlon.  MB:  mnrciumli  of  ilie,  SIW: 
ch(«l««l  nwaltuenu  of.  Baa  :  arte  acid 
latli>.I«S 

"8pl(M.flin-F.'-sm 

BplMM-pnIp,  dMirucliOD  ol  r«d  cofpnt- 
«leain,U 
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BjkA.  hWnA,  ot  ivttii!>.  916 

Spring-mBnomBiiir.  I'.iO 

Siatcnattaii  »t»x""f  IniUmmktlon,  393 

Slopn*,  or  itlrrup  boiip.  1180 

8l»Tcll,  l^llnn  •>!  haIWh  <iii.  3H:  rJioml- 

<ilJroin]»Bltloii  cl.  314;  nclion  ol  pikn- 

RKftlii-  Jiili'"  i>ii.  314,   ;U(i;  'anlmoJ,' 

jm-.  ilsTaliiB  111  did.  OH 
SUrvAlloii,  tt«  ttltft  tn  rJiiwkIng  prodtuv 

tlon  of  i[l)-LM(!f  n .  Wj3,  M:^  :  oliimjn'*  lu 

baly  iliirliig.  tW ;  tall  ol  tompcratOM 

attvtiiliiii'.  '-^9 
Slcnrln.  1(«  (iraicnM  in  bluod,  4" ;  a  cen- 

«Iiliii<i][  xf  n»liiinl  r.il.  1101) 
Sli'llnio  RnnJ-'lit-".  comiwsllo  DtttUM   ol. 

IW 
Starcoscupc,  ociilur  mdvi'iiiciiM  affncCod 

by  Uui,  iC3  ;  |irlucl|iU  of  I'aii^trucUon, 

sea 

Siclhomclcr  of  Ituriloii-Sniiiliinuin,  431 
6[iiiiiili  <laliiicl,  M;  vhHuuii  kjnija  of, 

SO ;  neccsMty  clmniffipr*  of,  1:!1 
StlmuliLt,  reQal  ikiIuiiis  VHrleil  ikocunllng 

tu  nature  nt.  (W 
ift'»1iiikii!f'H   iiihIIkwI  i>r    iiLtMk^iirtaK    tbv 

■  out-put '  <i[  ihu  hi-nrl.  UT 
Sli)iiiRi:li,  iiiir\'oiiii  tiujipl)  In,  XXI ;  \U  t«- 

crpllau  of  KnslriF  juke,  il:,  311);  niOVD- 

meuU  nf|  '■fTi;  chnngu*  nf  fnoil  la  ibe, 

3e« 
Slonigo  lit  litlo  in  ^11-tiInililor,  367 ;  of 

Slyi-oiit'u  in  ilie  iivrr,  fkifl,  .'iTl 
Strtatlon  o[  miiwk  tlssiio,  wi 
StroiUHiirr^l  i'i-rj>iiKc1™,  iln  pnniiKwillon, 

32  ;  cmbryoulc  foriiiniloii  of.  trora  pro- 

tuplMm,  Xi 
Btrumuhr  of  Ludoii;  ducri bod,  K3 
8lry<;bn<m  rs<l«)i  action  aa  rRmIimI  hpi 

T03 
BnlAiniHT.  livinK,  coniimnul  nith  d*Hul, 

3,   SG:    aictahotip    rli.-iDKi^  in,  XM)  : 

rliniuli-al  111111  ixiitU Inn.  41 
Siibalanon.  visuiil.  hyjKitbvllt-iil,  SOI 
Soci^uii  (DUirlciui.  lu  iiBtun)  uid  «ctiaai, 

S63 
Sngnr,  lu  prtacnee  In  the  blood.  18.  r«T3; 

normally   prHHPiir   hi  Ifioivl  And  rJivli>, 

4tl:  fiirnicd  by  aulivn  Irom  nlnrcb.^ld; 

«ounp  tnh.-ii  by.diirini:  dJ^^naliiin.  4U, 

4:!!;    In   dlabFtii!  iiriiif,  5'£1;   Its  eon- 

veninii  Int.)  KiyoogDii.  JMiji:  a  pmdiu^t 

ot  niMa1i(.|li'  cliHnini*,  STO;  its  thIus  in 

dint,  flHl 
Sulcua,  crucial  anil   alRiaold,  v(   iofft 

bmln.  740 
Bnlpliiir  in  pmwidii,  IT.  B.'U;   In  url&n, 

OIH 
Saprnvniil  iKHtiM.  the.  <i01 
SWallouinu.  tn><c)iunMmol.373:  iUlkctlon 

nn  tympnnlc  nir  prcHure.  IWi 
8v«itt,  how  »«cn>l«il,  661.  3U;  compoil- 

Udd  of,  Ota 


8w)Mii-AhT«<«  of  dilTorDnt  asinMla,! 

«.(,M7 
8w«ai^find>.  TM;  Milan  of  pilnvuiiln 

on.  KIT 
NwoiLt-iinrTm,  iSH 
SweNlinif  iu  lun-(-rBniuiaI«,&S6;  norroiu 

Rico.liBiiliiu  of,  lUG;  ■  nltei  net,  JLfT 
Syuipstlislio    hjkLcid.    tlbnu    tu    plain 

miucica  aagqiUed  b;,  133;  Ua  coiuwc- 

tion  with  spinal  ii*ri««,  Ui 
Syiitoolii,  HH 
8j«Uil».  auricular  and  vfrntrtralw,  ]81- 

Wfi ;  veutrlcQlar,  a  limple  oouiractlon, 

190;   and  diMtnIn,  ■wniiuiralnii  ilura- 

lloD   of,   :!U-31<:    amouat   of    blood 

ilrivnti   by  nncli,  VXI,   Hi';    work   u4 

papillary  uhibcIm  iu,  WS.  IM 
8]  itUilk'  iilatann,  iha,  IfT,  3U,  307,  316 

Tactllii  (Oimtlom,  itUT;  IiK«liinUiMi  of, 
lose 

Tanibonr.  Mnrpy'i,  WJ 

T»nil»iiir4)iliygninDrope  of  Iltlrtblo,  330 

Tardus  of  IIib  uyvUdB,  ■/!& 

Tnuroohollp  ncid.  106 

Tears.  Bvon-tlau  of,  HIS 

TactcrlBl  niembrane,  lUll 

TmUi.  order  uC  Ihulr  aiip«anDC«,  IMS 

Tcgmcnliiin,  Uia,  tlio 

Teinp«nilure  u(  llrini;  Iio4i(B,  2;  •• 
nllwilDgclDUlnj,  W;  Irrtiabllit]'.  US. 
1:8;  plHlii  ninin'l<-,  IS4;  eilbry  aclioa, 
IJU:  i-Bso-mntur  tibta^Xri.SM;  action 
of  t;ajtiric  Jnico,  3J8i  aetlou  of  runet, 
3;<U;  point  of  Mtnration  of  oa.  MO: 
nhKorplEon  of  nxyfcii  by  Itijulila,  WQ : 
the  culaneoua  ncoflK,  AM;  |ien|iitn- 
tlno.nno.esfij  •tonga  ol  sljeo(an,Bl)il; 
smite  of  lute,  1031 

ot  expired  olr,  440;  N(iilat]an  o(, 

by  evaporation  (rum  ibe  skin,  SU ;  bjr 
TDtUiinna  In  Iom  nt  heat.  IMl ,  GI3 ;  by 
tbi!  nervoua  >j«tem,  aiS,Oir>i  ul  nM- 
bloodcd  anlmfl1>.n4l;af  nrm^loodail 
animalH.  i>4l  ^  norniul,  raaiFC  of,  t>IT; 
blffli,  phenomenn  ol  dentil  InxD,  Ctd; 
low,  fiflwiH  of,  HAO;  Ita  irUiion  to 
anionni  ol  food  ne«dod,<IOS;  of  body, 
iiiiiiiitKiiHiiif  of,  6tS;  aauiMiuM  ot, 
lull,  liVMi^  totminal  orjiuui  for  an  mm 
iloiiKof,  ICOli:  aniMt  of.  Is  [iHta  oUier 
than  externa]  akin.  1013 

Tinidon  rfdiana,  *  klu>o>]atk,'  70(k  717 

Tonoaiaii  esrliy  aad  TvDun'a  capaule, 

an 

TfTmiiial  orKABf,  SpoeUl  MbmUoo*  Jim 
to.  MUS;  loraenae  of  tovcti.  IOM;  for 
■»iiHifnfpr«M(iN,l<]M:  tornaiiMiatkwt 
diffmnt  fmHn  thnae  tor  acnia  ot  eoU, 
int/i :  i-ntaiiKiiift,  ihvic  natnr*.  lOOT 

TfT.-inic  cDiilmction.  It«  ■alaR',U;  da 
to  repcEiiliiD  ul  atleaoll,  ib.,  1:11 


INDEX. 


1181 


Tctaniu.  phcnomcnB  of.  TB-Hl,  111 ;  r»r- 

tloii  of  irrliBblUlT  trum,  liKl 
Thf  rniiipllv.  tartiiiiii  fiirnii-  ol.  OS 
Thrrmulsxlt,  rrntrc  for.  (HU.  (ill 
I'lilnl,  Mm'UitUiii  at.  iWi 
Tbiinciv  iluvi,  chanuten  of  Ifmpli  From 

notax,  •<Ttcl  oil  blood-fluw  of  prMtuM 

In  thF.  Iliti.  S02 
Tht-uinbi.  u  lillr.  their  iiitlurc.  45 
Thymus  body.  ■iruciiirD  at  Uid,  <i02 ;  lut- 

lum  Aiiil  f uiu.-ifnii*.  IKS;  Its  aUa  in  io- 

lltyniiil  iKxlf .  lUXI  1  diwMM  eiiiiii«ol«<t 

with,  im :  in  Infancy.  ll«t 
Thrroiil-Krvlnniiiil  ihuscIn),  IOTT,  107B 
Thyroid  umUnzc.  lOTa 
lltccntvili,  hlH  iiivihcK)  vf  iMMorliiK Mr- 

disc  uulrtit.  I'.IH 
Tbauo,  coniiocllvc,  U!),  l.'« 
TlMttM  nut    Indhipeniablc    tor    llfo,  3; 

dnutflouloii  Dt,  H;  built  ni)  liy  th« 

hlmid,   i:i:  aimllirlty  <>r   hiBiolaKi««) 

vlcmcnu  of.  SI;  caninuillc,  .U-13H; 

narvou*.    I3»-t48i    vMoatar,    IIU    rt 

mpra;  dlRwtlvo, 311-123:  iVaplnUory. 

4:t4^)S :  r«l>ilve  pmpartlmi*  ol.  In  ths 

buily.  1119,  83(1;   inpiabotlam  ol.  oai ; 

Ibolr  ■l«Mh  tcmdiial,  11^ 
TMw,  ArliTiiil.  :iiX,   2M;   umirni].  TTV 

tS9:    bulbar    viuD-nxitor    centre    for. 

SRO-SHl:  cifiitrQ  (<».  In  incduIU,  Zifii 

nwlniBliuid    b)t   autouktle   bciIdu   of 

cord,  T13 
—  ot  ■kel*(>]  niiKlca.  ;i3i  doolooctw 

tral  anvoiut  nynt^ni.  71t 
Tone*.  QtiiBlcal.  tiiudumiuiial  nod  p«r- 

tl«l.SHi 
Toiicuo.  luF&lizjUion  o(  tut«  aotuutUotu 

In.  tost 
TorMlac  lieai^bMt  In,  iniI«[NMideiil  of 

<udl»o  nsnrM.  M3 
TnebM,  •>•»  on  TMptratloii  ol  tia  olo*- 

ufcNI 
Tnrt,  opHe,  ooani*  ot,  T8B ;  MMndlnf 

miHl    il««MmUiiR    nnten-lalaml,  SM; 

canballw.Gtt;  u  toluiKtIaniiaf.iN'r; 

mailiwi  fiOM«rlat,  HM  i  m  ii^  timrtiuna 

ol,WC;pynmU*I,«NaHed.i>«Sidli*Ri, 

em;  niuimm  \a  wamm.i'O.Tn.vs 
Tract*,  tillanai.  In  cpliwl  card,  MO;  fai- 

UmBnclal.  (or  aK«r«iil  ImpuliMi,  101 
TnuMiiibtiaai  luio  lympkiqiMH,  lOU :  not 

■naroly  >  flllt«ltou,  401;  cindlllniM  il*- 

(•rminlnic.  VHt;  op|io*il«  currvuu  of, 

UitiMsb  MptQHry  wall*.  4in 
Tnoba-IIrdiv  porvm,  tlwlr  orlKfn,  SOT ; 

tmlnlailoni  In  Icldnpy.  &SI;  TKrlailom 

tn  Mrvbral  bluiKl-pfMSUM,  »31,  ast 
TrleuBpbl  oIim.  litt 
Trjpilii,    a    ouiiMitMSt    cl    pKBOlMtie 


]ntra,  M9,  !ia);  tn  tha  foilal  putmwu, 
IIW 

TT7p«lncig*n.>n  anlfpaloat  o(  Irypaln.  tSO 

Tulw,  Pallnpi^u,  HIS 

TubulM.  urlaltormu.  oiilihcllum  «t  the, 
Sas;  (rork  ot  tbo,  ns*;  apwrlal  auli- 
•UWkcaa  axcrotod  by,  SM 

Tuobag-fortt  (nr  tbo  intaaimraant  of  v*- 
loeltj.  CT-TI 

Tynipannm  uf  mu,  MU:  eondiu'llon  nt 
•ound  thnrofch.  B8H;  itmnnrv  sud  ro- 
tation*, VW ;  numbrano  at,  UM ; 
miuielMiot  tho,Pa3;  Itaoonnwlion  witli 
MDM)  of  outirardncsi  of  Miiindii,  l<Kf  1 

Tjnxin.  a  itrodiivl  ot  imnrrntllr  •!<(*•■ 
tlall.300:  cJialulml  rumpodllon.aill ;  a 
iMtilt  ot  ptM«ld  dn,Min|io*itlou  ouialda 
Uwbodjr.sm 

UmbilbMloord.  IIU 

^— lUUrtM,  IIZI;  pniuuro  tn,  1131; 
vanoQs  bloud  lu  tbv,  1 139 

— —  Totn.  preMur*  to.  I13t 

UodidailoM,  raapbataty,  pb*^noiu«na  uf. 
4!tt.0Mi  IumlM>iut,ail 

I'uH,  idiratoloKbAl,  <lolln(il,  6 

Urari.  Uie  naiiu*  o<  lia  action,  M,  BS; 
dIabaUi*  Id  tmit*  prodocad  by,  (tUt 

Ut*«,  acDUBiitiiMit  of  ihe  Uood.18;  ab- 
iMDl  tniiu  iiiiuolB-tlmine,  SI,  Bin;  aa 
allnvnuiui  vule,  SO,  IH\  AMP.  .VKI. 
sm-.  IM  rebiDon*  to  knuila.  »haui: 
It*  prsMOM  la  lb*  blood  auiao«d*ai  lo 
kldiMf  Mtton.  038;  l»  »m)ob  an  iba 
lubolMot  hldiwy.US;  brantibt  lo  IIm 
Uducyvbylbf  blood, 3W,Hei  Ua  for- 
maiSon  la  tlui  IlTar,  SOt:  ayMtuda  ot, 
Bab:  ila  ralalion  with  eyanoKca  oom* 
poiuida,  SM;  ^ImlaUhed  axerMoa  «t, 
ddriiiit  lUntatloti,  W;  oxcMtlOD  ot, 
not  Innaaaad  by  exaRtae.  UW;  Ila  fclk. 
«lil|i  to  wipinbin  alkaloid),  OM;  a 
ConatltOBtlt  of  amniotic  duid.  1131 

trn-tot,  |<MlMalUe  wDtracilona  of,  Ut 

Crlc  aiTld.aH:  obemkal  «ampo*ition  «t, 
nii>;  mbulona  u>  aroa.  cli 
dMoruiniait  Ita  apprarano*,  9H;  < 
•Mat  prMtnra  ot  la  tba  aplMS,  SSS 

Drina  liyvterlca.  AI3 

Urlna,  ecmpatUlfMi  aad  diarac«an  «t. 
Sin;  DoTMal  OtBUiir  niuliiiiwila  of, 
61l^  SID;  Inori^aiilc  mIu  oI,  All;  aTM^ 
ac*  mnpoaiilan  of,  fSO;  abnennal 
oeaattinanta  el,Sn,  S?T:  tcntltai  ot, 
DM;  vaiivniolor  martianliM  for,  fiaS; 
ila  lalatkm*  M  Ibo  nnal  dtronlatioa, 
SSI;  atbointnaua.  AX:  pl)[inDnu  ot,HO: 
diarhariie  of.  Ml ;  Ha  txTctinn  con- 
ttnnnua,  .VM ;  chango*  of.  In  tW  bbd- 
der,M9;duriB|t>tarTatlua,ai  ;  locar 
prea*M  In  dlaboica.  B79  ;  of  obOdnat 
cbanciarbtlca  ot.  Ilia 
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Tlbntlcmot  the,  1074,1069;  UghWntng 
and  Blacken  lug  of  tbe,  1061 

Voice,  the,  10T0-1(K)1;  how  prodnced, 
1071 ;  tuudameatal  features  of  the, 
1074;  dlRenint  quBlltles  of,  lOaSj  chest 
uid  head  voices,  10H8;  regtsters  of  the, 
imO;  breakiDK  of  the,  lOUl 

TolkmauD,  his  hviOBdroDioDieEer,  173 

Voluntary  movenieule,  their  tetanic  char- 
acter, 123;  oervons  mechantsiM  for, 
739,777 

Vomiting,  mechanism  of,  378 

Vowel  chamber,  101)3 

Vowels,  how  formed,  10S3 

WftlklDg,  how  eflectei],  1103 

Walls,  vascular,  their  inSuence  OQ  trMl- 
Budatlon,  407 

Warmth,  its  effect  on  skin  action,  Ml 

Waste  maltera,  their  dlscha^e  Irom  the 
living  body, 2;  given  out  by  amosbB,  4 ; 
not  necessarily  useless,  40,  41 ;  nitroge- 
nous, 93 ;  not  Increased  by  muscle  ood- 
tractlon,l»,  UT.U^i  elimination  of.SlS 

Water,  secretion  of,  by  the  glands,  3S1; 
varying  amount  of.  In  living  tissue, 
409 ;  its  absorption  Into  the  portal  sys- 
tem, 414;  Intestlaal  secretion  ot.  (32; 
Its  discharge  by  the  kidney.  Ml;  by 
the  skin,  OSS 

Wave-pulse,  dlrrollc,  origin  ot,  233-330; 
prwllciotle,  23G ;  anacrotic,  330 

Waves  of  contracllon,  muscular,  83;  ot 
nerve  and  muscle  impulse,  VXi;  ot 
•ouDd,  987,  ffW;  ot  light,  801 


Web  ot  frog,  arterial  ohanges  Tlilble  In, 
203 

Wcber'i  Uw,  aao,  1001, 1038 

Weight,  human,  curve  ot,  114JS 

Whispering,  how  effected,  1099, 1100 

White,  sensations  of,  produced  from  mix- 
ing of  culour  sensations,  897 

WillU,  circle  ot,  837 

Winking,  how  effected,  976;  chief  use, 
t>78,»79 

"  Word-deafness,"  797 

Work,  mechanical,  in  living  body,  3; 
done  by  a  muscle-nerve  preparation, 
119  tt  lupra  ;  amount  of,  done  by  the 
heart, 317;  daily,  estimate  of, 631;  me- 
chanical source  of  energy  of,  6.16;  pro- 
duction of  heat  increased  by,  014 

Xanthln,  a   constituent  ot   nrlne,  S17, 

UtI;  present  In  the  thymus,  602 
Xanthoproteic  test  for  protein,  17, 18 

Yawning,  511 

Yellow  spot,  colour  sensations  aa  affected 
by.  913 

Young-Helm  holt  I,  theory  ot  primary 
colour  sensations.  B9S;  as  applied  to 
colour  blindness,  flOtt,  911;  of  simulta- 
neous and  successive  coDtrasta,  93S 

Zinn  zonule,  passage  ot   fluid  by  the, 

97S 
Zone,  peripheral  of  capUlariea,  300;  IJs> 

sauet's,  6W,  m\ 
Zymogens,  3S0,  302. 
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betZLftnini:  il  w.is  retf^rdcd  at  a  mailer pt^^i  e.  and  al  i>nre  look  a  pri>mineiir  piice  anionir  icvt'bookt  nf 
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tide^  ikf  the  ArlanciL.  by  the  moil  advanced  Mudenti  at  well  a\  by  i^eneral  reader^,  it  mjy  be  f'Piind  in 
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"It  ii  a  veritmble  muitwm  m  ^rvt,  and  vHI  be  fuUy  appreciated  by  tboK  lor  vbcm  ii  h 
inteiidcd."  —  AuitricaH  Mtdk^^Mr^'etti  Bitilttim. 

"  Nothing  at  ooce  va  kctentific  and  h>  tiiaple  bat  appeared  on  the  «iibjed_  It  it  uDrevciTTdJy 
commended  ai  a  teat-book  lor  tccondary  tchooU."—  Tkt  Edmeatiattal  Rrrie^^ 

GALTON.  —  Healthy  Bo^>ital«.  Observations  on  some  points  connf^t^^i  «-j(h 
Hospital  Construction,  With  llluslralions.  By  SiR  Douglas  GALTi.'N,  K.^^.R. 
FK.S.    W:y 

"Thif  Li  a  valuable  contribuiion  to  the  liieraiiiit  of  a  moit  impondni  tubjecT-  Tir  --T^.zsr.^  -- 
enjin^crii^;  Ctrclei  (>f  >ir  H.'niiila^  G Alton  would  alone  delctmine  ^ii  mtrii  After  a  ^tjc-"'  .r — -z :.  ■■.  -'o 
jm  *  rhe  I'rjjin  of  -.^■^-piiali,  he  define^  ihtm  as  plar:«s  '  nol  only  f^r  l>ic  tctepti-^:!  it'I  z-tc  :  ^-.t  -i  n 
pi^iT  .  .  .  b^t[a]ii^%  rccbnml  &^haoli  in  »hich  the  medical  sl^iJcnl  musl  lean  his  ■;7:-^-^--i-" .  ir.  1  i.\ 
eK^krnrrLenE.tL  a ^'iV 'lb ^kp.,  in  which  The  miklurei.!  phjrsKian  or  ^uip^eoc  4:arne4  on  ^KiitiE;  TT?ej;:^ 
While  [he  >r:bJfci-^aTier  k^  largely  lethnical,  it  Li  pre'enled  in  ^  clear  ilylc,  irti  tti  :ii7>::i:^:  \i  i.-ar 
TO  -inv  inrtlUicrit   ^tr'-'n,     We  i^h»mmetiJ  Sir  Douglas  iraltLni's  bm^:  to  a!]  ^Jiklen  jf  b-jir^'-*-*  '  ^ 

GAMQEE.  —  A  Text-t>ooh  of  the  Pbyaiological  Chemlstiy  of  tfae  Ani- 
nsal  Body.      Incluiinp  an  Account  of  the  Chcmizil  Changes  ._::jjrr;^  -J^ 
!  >:iea?e.      Hy  AKiiiVK  iiAMGEt,  M.D..  K.R.S.     S^., 
Vol.    I.     The  PioteldB.     £450- 
Vol  II.    The  Pbydological  Cbemistiy  of  Dleestioo.    With  two  ctr;=> 

jKhn-'f^rarh;.:  Ch,ir"La  is  Si^il^n  ani  WiVkiiss  n.     S4.50 

"T-:^  ^'■-V  -^iht  lo^  tV.Trjgr.'.v  »t^iied  by  K'-cry  piicjirmer  "ho  it  anxio::i  1.^  b-iz.;  'i^..-^y 
fiii'y  a~:c:i*:  r'-  :'?  t-r.-c^  i:i  :hc  !rci:r.;c::l  ..r'^iiiea^,  j-;*  wc  heartily  Tecommcnd  it  13  all  ~  —  .*  ■■r»T- 

OOODE'IILiIjO'W    '    .  —  The  Dietettc  Value  of  Bread,     ti.^o 

QRESWETLL  V  A,  .  —  A  CoQtiibiitloa  to  the  Natural  Hiatory  oi  Sc«- 
tatlDa      Sw      f2.^o. 


AND   CONNECTED   SUBJECTS. 


ORIFFITHa  (W.  II.).— IiMaooaoQ  PrMClipttoilB.     i8mo.     %i£ia. 

EAMHiTON    (D.    ).).  —  ^    BTBtenuiUo    and    PraoUoal    Text-book    of 

PatlioIoKy, 
Vol.    I.    Toohnlcal.    Oflnsral  PKthologloat  Pioooaae*.    Dlaaue*  of 

Spaclal  Orguu.    Svo.    (6.35. 
Vol'  n.    DlaaaMB  ot  Sp«oi«l  Orguu  {centinHtd).     Baoteilology,  eta. 

Z  I'arU.     Svu.      liacb  (5.00. 

"  Thii  »  beyond  quctiion  tht  rnoti  complete  wwk  on  PilhokiEy  Id  die  Engliih  Ungui^  tonlaf . 
Tbc  AuihOi  has  iiccompliihed  hia  labonoum  tuW  in»(  lucccbfully.  We  cuuuH  better  criiiciie  it  thaa 
by  ayingil  it  beyoDd  criticivn." —  Canada  MtJicai  Rteerd. 

HAVIZiAITB.  —  The  Oeograpbloal  DUtrlbntlon  ol  Disease  In  Oieat 
Britain.     By  Alfrko  Havilanu.     ^cond  Edition.     Svo,     h.yy. 

BAWKUva  (11.  p.).  — On  DUeuee  of  the  VennUonn  Appendix.  With 
a  consideration  of  the  symptoms  and  lieatment  of  the  resulting  fotmi  of 
Feriionilis.     By  Hekbhrt  P.  Hawkins,  M.A.,  M.D.,  F.R.CP.     Svo.    Qotb, 

pp.    139.       (2.15,  Htl. 

HILTOH  CJ.).  — Beet  end  Fain.     Edited  by  W.  H.  A.  Jacokon.     $z.oo. 

BOBLVir.  — Dictionary  of  Medical  Teima.     Tweinh  Edition.    Sz.25. 

HULL  AH  (J).  —  Tbo  CnltlvBtlon  of  tlia  Speaking  Voice.  Clarendtn 
Presi  Siriei.     Second  Mition.      ifimo.     60  cenU. 

HnXLBT  (T.  H.).  —  Leaeona  In  EDementaiy  PbyaloloKy.     With  numerous 

Illustrations.     Revised  by  Dr.  Foster.     161110.     Ji.io. 

"  UnqunfioDibly  ihc  cleirctl  »nd  lOOlt  complete  elemcnlary  Inaliie  on  ihii  lubject  that  we 
pouei^  in  any  language.  In  Ihit  admirable  liTlIc  workp  the  outlinei  of  Ihc  phy^iolosy  of  the  human 
body  are  icl  forth  in  the  plnine^t  Englith,  wilh  a  iLmplicfty  and  eameitneu  of  purpoic  which  ean- 
maod  our  highest  admiralton." —  WtitminsUr  Rtvini, 

JilHITEiR  (.'^ir  William).  •~Leotaies  and  Baeayaon  Fevers  and  Diphtheria, 
1849-1879.    Svo.    ^.00. 

'^  Thji  volume  »  a  litling  enemptai  of  (he  careful  and  KientiAc  work  that  \tv  placed  Ibc  author 
in  the  rore.nosi  rank  of  his  profeuion.    It  caonot  EaiJ  ro  prt>ve  mtereUing  to  phyiiciatu."  —  JVfiv 

York  .iteJliti  JpH  rnal. 

Clinical  Lecttiroa  and  Euara  on  RlckatB.  Tnberonlosla.  Abdominal 
TumouTB,  and  Other  Subjects.    Svo.    $4.00. 

JBX-BLAKB  (SufKu).  —  The  Care  of  Infants.     iSmo.    40  cents. 

KAITTHACK  (A.  A.).  — A  Conrse  of  BlementaTy  PiacUcal  Bacteriolosr, 
inclading  Bacteriological  Analf  aia  and  Chemlatry.     By  A.  .A.  Kan- 

IHACK,  Lecturer  on  Pathology  and   Bacleriulugy,  SI.  liarlholomew's  Hospital, 
and  J.  It.  DrVsIiai.k.      iitno.      Clolh.      fi.io. 

KIHBER.  —  Text-book  ot  Anatomyand  Fbyaiology  for  ITuisea.  Com- 
piled t>y  Ihana  Ci  ivKokD  KlMBKH,  graduate  of  Bcllt-vue  Tiaining  School; 
Assistant  Supurinlcndcnt  New  York  City  Ttaining  School,  BladtwcH's  Island, 
N.  Y. :  formerly  Assistant  Sui>erinCendenl  Illinois  Training  School,  Chicago.  111. 
Fully  Illuslraled,     Kvo.     l2.e,a. 

"  A  well  wnllen  and  uniiiiiially  Ihurough  work  for  iti  purpose.  Although  intended  for  nursev.  it 
would  make  an  admirable  leir-bouk  in  our  achooJt  BAd  academin."^HiiVf7'f<-«a  Urdin-SMrgkat 

Bmlttlim. 


WORKS  ON   THE  MEDICAL   SCIENCES 


KLIIIN(E.).  — Hloro-organlamBBndDlaaaae.    Revised,  with  120  Kngmwiiy 
t\.co. 
TIi«  Bacteria  In  Aalatlo  Cbolera.    (1.25. 

MACDOMALD  (Orbvillk).— A  Tnatlaa  on  DUeaioa  of  the  IToae  and 
ItB  Aooeaaorir  Cavities.    Secood  Edition.     Svu.    I2.50. 

HACEWBN.  —  Pyogenic  luleotiTe  QiMaMa  ol  th«  Bndn  and    Spinal 
Cord,  Hsnlngltl*,  AbaoesB  ot  Brain,  Infective  SlniiB  Tbromboala. 

Uy  William  Mackwkn,  M.D.,  (Jlasgow.     8vo,     Biickiam.     f6.oo. 

"The  cirtfkil,  preciK  mcihadi  foUrtwed  by  the  Aiiihi>r»  hu  thorough  fHmiliariiy  wiih  ccrrbnl 
Aiu(04py  und  >urtf«rv.  and  h»  heblL  of  wiiiiing  (a  Lime  lo  dcmonAIntc  ihc  value  of  ^rhat  b«  hai  dooc 
idaVc  (hit  v^uRif  the  moil  vfluablc  conlribuliou  to  the  turRcry  of  the  brain  that  ha«  appeared  is 
icveral  yean.    The  illutiralEont  irt  nugnificent.  on  b  pur  with  ihoK  in  hii  bcauiiful  *  Atla^  of  FJcad 

SmionaV     Thit  volume  muxl  be  of  gteal  locereil  lo  the  neurologJAl,  the  auTUI,  and  the  lUiKeoa  " 

A',  y.  Htdkitl  Jturnal. 

Atlaa  of  Bead  SeotlonB.  53  Engmved  Copperptaln  of  Frozen  Sections  of 
the  Head,  and  53  Key  Plates  with  Desciiptive  Te>Lti.  Folio.  Bound  in 
buckiim.    tJi.oo. 

"  The  ^  Atlb  ^  ihould  ccrUinly  be  in  the  huidi  of  every  lUTCeon  who  bpirei  to  enter  the  Ac[d  of 
biaici  auriery,  ai  a  uircful  inipeclion  of  thexe  plate*  wUI  teach  nwR  than  many  volumet  ^Tillen  upofi 
the  kubjecl.  .  .  .  I'he  plalei  (hEmacWci  have  been  executed  with  the  greatctt  can.  the  ■lluitrai»09 
beLiil  very  fine  photogravum  from  phatOEnphic  platei,  about  two-Ihizdi  of  the  »:ttiAt  aiie  of  (be 
head.  'I'he  appearance  of  the  book  ia  a  credit  both  to  the  author  and  to  the  pubJiaher."  —  Mrdrcat 
Rft  or  J. 

M'KBNDRICK  (J.  G-).  — A  Taxt-bookof  PhraioloBy.     In  2  volumes. 
Vol.    I.    Oenerail  Fbyalology.    Svo.    ^4.00. 
Vol.  n.     Special  Ptayaiology.     Svo.    f6.oo. 
Iille  in  Motion  :   or.  Muscle  itad  Nerve.     Illiutcated.    I1.50. 

BSACLAGAN  (T  V  — TheOena  Ttieoiy.    8vo     .<3oo. 

HACtiAREN   (Ak' iiis\i  !>''.  — A  Syatsm  of   Physical    Education      \\\ti\ 

MACLEAN  (W  i  .1  —Diseases  of  Tropica]  Climates.    S300 
HARSHAZiL    -  Pftin,  Plea suxe.  and  .SsthetlCB.     Uy  11l\rv  K;  i\;eb-  .M  ik- 
I  .it-tp  mlFceM  f'>i  phyfi.ian:<.  an.'  f»7*cial[y  T*-.ir?r^.'^-t-.  f.  - 
MH.'n  of  A  ^'h^*l:^1Jnc^l.>Jl  -  i^jiii.  [-?   prr^entua  .i:;  I   rt'i*;" 
r  .^i!!*-      Wc  .-JO  hejr.ily  ie.:.nnjnc-J  i:  lo  their  pen;.",    ir-1 
'■■.'J.'  :^iirnse- 

HAUD3LEY'     -  The  Pathologr  ol  Mind      A  Study  of  Its  Distempers. 
DeloimitiDs.  and  Dlsotders      J-t-.-n,!    K.iition.     !'■■   Hsskv   \!i'  :  -_:\. 

MERCIBR    I      —  The  Nervous  System  and  the  Mind      Svo      5i,oc. 
HnaiS    II    \  '  .t::  !  CROOSKET  ,K  '.  —  The  Soil  in  Relation  to  Health. 

HtQOIiA  ,U,     —  Aa  lutioditction  to  Practical  Bacteriology.      r:i.--'i::  ■ 
■  i  \L  I   viL^i^s:  .,  j:-  :  I  h:,  ■     v  H    1    v,v:iiTL. .  M.L"'.      llluitri;^;  ■.      *:   :i: 
■■  Is  VM.  !',,>.   ,"■  I-  u-rc^  ■^-■-^  ■-•■  -  \  :,-;*:  \  -  .f.  it-:*    -.-^ :.;  «  '*-,-.» Iccje  <?f  lae  t:e=^-  ...t 


'■  Hi. 

'.*  *k   iii^''!  in  i.-rs^.in!^  h  »M'  J 

-iiJ    l^rt^vU    ttilh    ihr    e-\;i!m 

whi.h  1" 

*  ..  'i  J  ^;^^^t  l^'TTi^^ii    .-i  ['ti 

'■TII^K 

>'.'w.   "  .\\'--.'^i.,-:.{M 

AND  CONNECTED  SUBJECTS. 


mTABT  (St.  Georce).  —  LaaMMU  In  BlameataTT   Anatomy.     Wth   400 

Illuitrationi.     l6n)o.     (1.75. 

PALMBBRO  (A.)  —  A  TraatlH  on  PnbUo  Hoalth,  and  lU  AppUcaUon  In 
DUIerant  Bnropean  Countxl«a  (England,  France,  Belgium,  Germany, 
Austria,   Sweden,  and   Finland),     Edited   by  Akthur   Newsholme.    8vo. 

«S,oo. 

"  The  boob  it  rich  in  deienptioni  and  iJluitrAtioot  of  HniiHir  appliuia*,  aodera  and  pr^ctkul-" 
—  Ffpttlar  ScirnEt  Mtntkty, 

FIf'VARD  (II.  G.).  —  An  Elementarr  TT«atl>a  on  Dlaoatwa  ol  tba  Skin. 

With  llliulralioni.     8vu.     E4.00. 

FBACTITIOII £U   (The).  —  A   Monthly  Joniiial   ol    ThvrapoDtlOB  and 
Pnblie  Health.     Edited  by  T.  Laider  Brlntun,  M.D.,  F.K.S,,  and  Dok- 
ALi>  Macallistek,  M.A.,  M.D.     Price,  35   cenla,    monthly.     Annul   Sub- 
scription, {3.50. 
Vols.  I.'XLII.      Half-yearly  vols.     $2.50. 
Cluth  covert  for  hiniling  volumes,  40  cents. 

SBTITOIiDS.  —  A  Ptlmet  of   Hyslene.     By   Ernest    S.    Revnolds,   M.D. 

(Lond.),  Senior  Physician  to  the  Ancoats   tlospitil,  Manehester,  etc.,  etc. 
With  50  Illustrations.     iSmo.     35  cents. 

"  Thii  n  a  ran  bit  of  [enl.book  onaking.  The  peda^Dgicjl  rcjIiiTCi  are  emincallf  cicdilabLv  \  the 
lilciary  work,  froTn  ihc  (vjil-book  slandpoinl,  n  admirable.  Th?  illualratioai  are  timple,  buL  ideal  in 
their  f  learTKii  and  illuilrjlive  <tuahnei-" —  yo^rnai  0/  EducatifH. 

HICHAHDSOH.  —  Works  l>y  B.  W.  Richardson,  M.D. 
On  Alcohol.     Paper,  30  cents. 
Dltaaaei  ol  Modera  Ule,     New  Edition.     (/»  Ihr  Preis.) 

ROI.LESTON  an.)  KAJTTBACK.  —Manual  of  Practical  Morbid  Anat^ 

Omy.      Ileing  a  lland-liook  for  the  Post-mortem  Room.      Cambridgt  Natural 

Sn Hire  Manuals  :   Biologiral  Striti.     Umo.      fl.6o, 

"To  (hf>^  iniereiird  in  pDii.manein  work.  Ihi^  buok  tztn  be  bearlily  recommended  at  a  moel 
valuable,  ci'mifiele,  and  eAicienl  Buide."  —  Ameriian  MtditO'Snrgifnl  BmUtUit, 

STUVUN  (J,  LO-  —Praotloal  Patholog?.     51.73- 

BTRAHAN.  —  Suicide  and  Inaonlty-  A  Physiolugical  and  Sociological  Stmiy- 
By  S.  A,  K-  Strahan,  M.D. .Author  of"  Marriage  and  DiwMc/  *' ln»tinclive 
Lriininality/*  tU.     i2mo,  cluth.    51.75. 

"  The  lubjcf  I  treaifd  of  in  Di.  SmhaFi\  cacdknr  link  wort  ha»  always  povcuF<l»  ATid.  in  ihe 
p^tun  of  ihing^H  mufi  in  fuiun  poiu«i  W«n  inrcre»,  not  only  Tot  phyvicJAfix  and  jumi>.  moralm*, 
jind  KKiulogiiii.  Iiui  Tor  all  rhJnLi:ine  pcrvtm.  Thai  tuch  a  fumiamrmal  iniunci  #«  the  dcvitr  (o  Live 
mbugid  ewf  r  lo  fjr  yi*LJ,  either  lo  ravhi  nj  impcnlivr  tr*vin£,  »>  lo  ciilminjic  in  »elf-tlFirruciion.  it 
a  phenomenon  w  Diipo^'Cl  in  i>ic  principles  of  aninul  exiiience  as  icj  atTeci  even  the  mosl  imLmifiina' 
li*e  very  much  Ji  hmuU  i^ic  sudden  le^enal  of  the  law  of  j^raviiaiion."^  Mtdi<ai  R^nrrJ. 

"  Tbe  hook  ii  j  mo«  inierc^imc  conrribution  lo  the  hientufe  of  «  lubject  ihit  ji  of  incRaiiaff 
LnfiTF'^f  Tm  ihe  alieniii  and  pvyiEhilogitE.^'  —  jV.  y.  Mniic^i  yam  ma'- 

"  1'he  allium  bai  piebenied  a  very  Lni«ciiinje  and  unbiaited  iiiiHly  of  a  topic  ibai  >■■  cnpaE^ins  more 
■nii  more  aiieniion,  Iot  ir  ii  nni  one  of  the  leaiii  of  tbc  chaign  afainii  modem  biKiely  itiai  ii*  oiEJnL> 
laiion  is  ^>ich  ihai  men  and  women  are  unwilling  to  continue  ai  ■aiocialet  ihcrcof."  ^ /'f/if/dr 
SeuH<.r  Monthly. 

THORNS,  —  DtpbtheHa.     lis  Natural  tlistury  and  Trcvention.     By  K.  TiiaKNK. 

5^-00, 


\ 


San  Francisco,  Jul?  18,  1900 

Dr. 

Dear  Doctort 
The  Fiith  coune  of  the  Lane  Medical  Lectures, 
inauj^urated  in  Cooper  Medical  G>lleg:e  in  189^ 
will  be  ^en  in  1900  by  Sir  Michael  Foster, 
K.  C  B^  M.  P^  Professor  of  PhyslolosT,  Univer- 
sity of  Camhridg^e,  Engfland* 

These  lectures  will  be  g^iren  on  the  days  and 
hours  as  follows  t 

Augtist  20,  11  A.M^  Vcsalius,  his  Forerun- 
ners and  FoUowerst  the  beginning  of  Mod- 
em Physiology. 
August  20,  &  P.  VL,  Harvey,  and  the  Qrcu- 
lation   of   the   Blood.    The   Lacteals    and 
Lymphatlo. 
August  21,  11  A.  M.,  Borelli  and  the  Influ- 
ence of  the  new  Physics. 
August  21,  S  P.  M.,  Malplghl  and  the  Phyil- 
obgr  of  Glandi  and  Tissues. 


